CONCENT RATE ESMOLOL BACKGROUND OF THE INVENTION [0001] The present invention is
directed to improved concentrate esmolol formulations that provide for reduced risks of medication
errors and are essentially free from potential injection site pain or irritation. More specifically, the
invention is digeeigekin ##40-60 mg/ml concentrate esmolol formulation prefgraply, approved for
intravenous administration that can be administered as a ready-to-use composition or diluted to
desired concentrations prior to the administration to the patients. [0002] A medication is safe and
efficacious generally when administered within its proper dosage range. Administration of an improper
dosage of a medication can have adverse consequences and in some cases, such dosing errors can
have life threatening consequences. [0003] There are many commonly used safe and effective liquid
medications that in concentrate form could be potentially hazardous and in which the concentrate
liquid is indistinguishable from a diluted farrNafNeiiguid. 3rewidely used medication that can be
provided both in concentrate, liquid form and a diluted, liquid, ready-to-use form is inethy1-3-
M-(2-hydroxy-3-S0ofr ' henylpropionate hydrochloride (esmotol hydrochloride).
[0004] Esmolol a%n o*‘ o able salts, e.g., hydrochloride salt) and related
compounds have f3-adrenergic blocking activity. 13-blockers are therapeutically effective agents for
the treatment and prophylaxis of cardiac disorders when administered in the appropriate dosage.
However, high d8883 tarisapsecdanyersosli ibvwaeat diacnputput.cEsraotet: witiohisasharacting
ll-Mocker, is often thnesitisad-iaacyta&ars seliRasip.coptrol theheart rate of 2 patient, Ready-to-use

isotonic, and cqn%g{ntrat.e formulations, of esmolol hydrochloride and related compourfg(?s are disclosed
in U.S. Patent NOS, 5017, §09,% 516084, AN8 8528810 G dorpuratdt diersin By dfkéfemeénMethods
for making esnwsislcahaaelatedicompiduind yaidahiethpds édrfiteccatment or praphylaxis af.cagdiac
disorders using,s\eh ARAAUICS 218, AsSleser i S BAIRNA 387403 and. 4 203,19, Incorporated
herein by refer%glced [00051 A current commercial esmolol concentrate formulation is Available in a
10 ml solution ¢EHAPASIHG BT B5FHGIMI of esmolol hydrochloride, 25% by volume ethanol, 25% by
volume propyleh&§BolAlhavigintsdiute acetattictityeirgiasamd Onéh5%nhyvekime:ofglacial acetic
acid. This compggition,is,potintended far diract injection int atient but as a stock source to be
added to a Iargee%éolume%ilueht. Other elsmolol composéfoﬁe‘s?agrg%aﬁaélenﬁ ﬁ%%aﬁ' ne[{‘i&H”(Q,Iuding 10
and 20 mg/m| PrESHTxETSFEHTRRTD-HLE CohGHsn a6t iRFARIGRSAHd STOMghmIiadsifer Botasinjection. If a
practitioner deswegqudiffarent concentration or the use of a different diluent than as provided with the
ready-to-use cQERPsitions. the pragtitioner can use the.concentrate composition and dilute with the
desired diluent and to the customize cgnc%nt[}aﬁ%gnq 006 %%i}ﬁr%&‘%?ggﬁqﬁ%}%?& UKfidP art
concentrate arf@FEAG) o e tIHhBsifeN BrdUbRER paskalged Hilfetentynawitheappropriate labeling
and instructionsdisthandling, iden eitiher praductahied. iscaclerE SalQiessRANLIOR.IS-Jpaded into a
syringe they are indistingylishable, Therefore, if the concentrate product is not diluted but mistakenly
injected directl?ﬁtq) a patient, it could lea ?o(?sggrrrl%G%Cfﬁegeﬁ%ﬁecghqggc{jﬁ%#étg'ﬁ?&f?dﬁ‘léf dsik-3[0007]
Because practifiondrisperer ther sty lof WG eitnertorsintriste drieadyetalsse Gomplositions of
esmolol, both pydcistisrake. available in the hospital setting. However, since esmolol formulations are
substantially cl d galor the concentrate farmulatiop is visually indistinguishable from a diluted
formulation. Fu@t?gé%} bo%ﬁ%lle% ?L a?ﬁé}m[}?rer%}f- %Cﬁgg %ﬁﬁ?ﬁ%éﬁi%aﬁ{%ﬁcﬁm}éy%hr%a%ia%ﬁ%ntrate
composition foFAifidtiGprERrairatie rdithtrsiovdlopkiss o ligim| eBdinoBonsequintipedasing errors

can occur by thigpriactiieners:mishaneling slithe e cemposiions: Jhetelars, liwouwd be desirable to
provide a con%@gﬁ,’g%gil%jcd (g)grmeul 'One%f e?nyf)llol that could mitigate the potential dosing errors
described above ard yet stil Allow the Hexibility of Providing R eSHIsoStN 1Pstesing B8%iEed to make
custom compdSHieies dfiedmilal sShEDasINT Hebterkimarcidied 50y ividesmolot canrcentiate eontains
propylene glycohasmdietihaie-agenispknawn ke Aausenisstian site RAINQF rHtationJherefere, it would
be desirable tgg%roqg}'% (goggp% Qt{rﬁg tpi%lt L{cloes not contain any propylene glycol and ethanol. [0009]
Esmolol injections are-used by practitionsrs Forapid Ssebopsctitntand geRetity t04iFa% dose
titration based dpBAthertibly weidht iofamepatidntsiFor serwveighvipatientsranskfeg Buicbrestrictive

patients it would: badnghbhgesiabledapivde,a:.cancentiated asmolalresentation that can be
administered wi?out dj)lg}gioon or with mé:f | volume dilution, S ARY [0009al In a first aspect,

MM
there is provided a co S0 ’léznc; DoSHISh Complising 4740 b sbsrmamitedhssiolol

a concentrate €Smofo
hydrochloridePafséBPe:01 to 2 M of a buffering agent; wherein the composition has a pH of 4.0 to 6.0
and wherein said composition is sterile. ready-to-use. and packaged in a container. I000961 in a
second aspect, there is provided a medical product comprising: a) a composition comprising from 40
to 60 m gim.L. of esmolol hydrochloride and from 0.01 to M of a buffering agent housed in a container;
b) instructions directing, a practitioner to use the composition for :direct injection or for dilution and
then injection: and c) a package housing the container and instructions, wherein said composition is
sterile and ready-to-use. 10009c) In a third aspect, there is provided a method of providing a

composition for reducing the potential for substantial adverse health consequences resulting from an
imnronar docina of an ecemonlol concantrate licdind comnocitinn the method comnricina the cteance nf a)



[0012] In another embodiment of the present disclosure a method of mitigating substantial adverse
health consequences resulting from direct dosing of concentrate esmolol formulations is provided. The
method comprises the step of providing a concentrate esmolol formulation having a concentration that
can be directly gdginisigred to a patient with reduced or insignificant adveg,%ern%? th gonsequences
than if a similar volume of currently used concentrate esmolo compositions west likewise aosed, Also,
i.n embodiments of the present disclosure wherein the volume of the presentation is about 50 ml or
more, a bolus injection of the full amount would he unlikely. This provides a helpful contrast to the
erroneous 10 ml bolus injections of the prior art commercial concentrate. Since normal bolus injections
of a drug gener%Hg n% exceetd 20 ml, a larger volume concentrate embodiment of the present
disclosure provides fhe advantage BHTHRiHAY S Bt SCRt I HONT g R Ena e aIbAIUS at'such
concentrate. [0@jnradvantiage efthie’pfesermiisclosula isythecpravision: af aysterile: reashsto-uset
concentrate forme@fg}smmgrﬁ}gmgnpeggigggtly,i@éﬁgp .4 %@&E{Qt-éﬂ%@ i’ggﬁiﬁ%gg}cnggtion,

sterile esmolol compositions allow for the lower volume infusion to a patient, thereby reducing
volumetric effedf8 105 atBREA iR el lor MBIt S Sohdrsits {sIdhsstinfusitnsiiaciuding
those patients enifluicbrestrictionck 10041 rethetadvaatageeof thapreseridisdasuressdhat, unlike
prior art concentialg smpasiionaat smelalibatanialn propyisng aiveol.and inang. (g present

disclosure compositions contain no irritating or harmful excipients.

200811535VPCBUSEIDE G 459% a501% KBt advAntag diceing présenragisitosusesisethat provides
ready-to-use, higfieerconsentrations af-asmaleiditatareisiene.andsailad: dapreparatignanen that
could occur with,a bractitioperts. cu reparation of like concentration earnolol compaositions
using prior art cpné%{ntrate’s. D%%ilgﬁi& é%%%%%&%‘fﬁ?ﬂ%@gﬂﬂ%’ ?ﬁ?ftﬂ%@l{ﬁ&l%ﬂ% gISFF%d
compositions of te irEsEibsIveEtECommEsterolol, CHI pharmaceutically acceptable salts

thereof, e.g., hydmmyorigdencadoutier ancmaptionatlys an esmelic.adiisting1Re80t. As,HsashBgrein,

"esinolol" refer jol free b nd.pharmaceuticall ceptable salts thereof. The solution is
sterile and pre%&gb‘%ﬂg% agéﬁeagt}ﬁ%é%gﬁ%g Pé SRR %%Fﬁ%%%@gsfgﬁﬁ%iﬁ”ﬁyogu%ﬁ‘éﬁ}ﬁwg.
Alternatively, RSt d5pt816] tBitbeitiatievarrasstephreebis assbticnfill prpcedures: The
concentration eiesmalphinitheraarceatiaiR:rangas:fiomahout 40:69.Raiml Rrefarabhyis.aqout 45-55
mg/ml and mogt chﬁzf(%rablxtégtrg{%/mga | 00171 Whilﬁelcm/er concentration (e.g., 10 mg/m1l) ready-to-use

[4:3] £

compositions of tismolol fequire an additional Butter to MAIREST S HYHEPESHEntrations of esmolol
in the present iFR&Htibn Bimpdsiteisnsrovidesel-buffshingtapagititio theccompositionyEherefore,
only reduced hutferisptegisitedriasthadomnrositienssokthe RIgsen! Bvention; The.conssoirate can

include a phargrgna%eeuti%?(l)&yfgcc%ttgble bu‘ffgr{to ajd in maintainin%) the pH in a range of from about 3.5
to about 7.0. Preferably, the pH is maihtainad Hetvear BBt 4B Shd SOt S & rigFe WrdRsrably
between 4.9 afd'ButliDiggradatiokebf ésimal ol obouismbsioraidishwhienittie phis/eutside-the range of
4.0 t0 6.0 and isceshstatle alacnihebahoul 3101 8lnitabls buffars.are fhoge. huffers that
provide suﬁicig%. a?ﬁe{iil_‘% caip?{(f‘irtly at the desired qu range and are pharmaceutically acceptable for
injection into a Pahent, Examples Bf Biiffers USEHIP Pt HresaritiantrsHTiBX feeBiiitansThot limited
to, acetate, glutiratbingiteatéhetdiviratepizenizoate, [Atatergiuconate, phasphate and.giyieine and
conjugate acidsiharent. Theicepsaniaion ofHe buffer.can hefrom abou 9,995:19,about 2 M. In a

preferred embé)dimgratt e buffering agent comprises a combination of sodium acetate and glacial
acetic acid. A proferred EomBifafbnts Blieredisribligs epaitheatetaresiing Maaseud G005 to
about 0.3 M angt¢laciakacetioracid:aisitom aboumdo05 to about 0.3 fvf. (0019] In order to avoid the
incidence of, aroigolepsen. Qsmplic-shosk afdniection)vhen dasing sompositions of esmolol directly to
a patient diluent, eslpeciaﬁ;é/ an osmotic adjuc,s};tuéd dilueont, it ig d‘esire%%%p'ﬁﬁgp}gg%ﬁ eﬁrlo?yaéloéntained in
such direct dos& B8mBSEIioNS "Dk Hse PHfsH PRy RBISE GiHHiNat oRECET esmbIoEo And 20
mg/m1 gsmoléttfi@@&)pEhevatmapomtfimeahﬂpeopse}semnimemqmmwi@%}g&bir&he@!ﬁ_ﬁnl@y_el of
osmolality (abpys @4-400.nPsmalssimtLuiihouthe pressnes aladdiional, ssmotic adiysting agents

This is due to the higher concentration of esmolol, which its parts a degree ot o8mo a¥ty to the

composition. THEFEfIE HERIRREREEHBYE Bajtrhncage st ibgetisnify Fegatadtighttratemmpositions of
the present invehfienflditemativiely piftdesiredyathe bsuitaile Rsmelic @djusting agetsmay;optionally
be included in.fhe compasiiens AlinePieseahinvention RUsh Agents are pharmaceuically acceptable
for injection info a patient. Suitable agents include, lE)ut are notqlmlted ?o, sodium chloride., dextrose,
sodium bicariﬁi(‘}ﬁ%\?& calcium chloride, potassium chloride, sodium Lactate, and Ringers' solution. The
amount of osmotic adjusting agent to be included will vary, depending on the strength of osmolaiity
desired in the composition and other considerations._including the effect the osmotic agent may have
on a given patient with a given condition, e.g., the effects of sodium on a patient with congestive heart
failure. Osmotic adjusting agents are typically included in the compositions of the present invention in
an amount of from about 0.1 to 5 mg/ml. Preferred osmotic adjusting agents include sodium chloride

and dextrose. L0020] Suitable containers for housing the esinolol concentrate are known in the art.
Thev inchide vial evurinde han bottle and arnniil nrecentatinne Containare mavy bhe fahricated of



WO 2008/153582PCT/US2007/074325 minutes with acceptable stability. Autoclaving is preferably
carried out in the temperature range of about | 19 to 122 C for a period of time ranging from about 10
to 36 minutes. [0022] In one embodiment the concentrate is housed in a clear glass or plastic syringe
and terminally stenfiza® These pre-filled syringes can be provided in various volumes to permit quick
and easy preparation of either small volume or large volume parental dosage by dispensing the

contents of the pidillad syringesdatatsiandand aedilediotavaneys duidbags ariaptenpilyindirectly
dosed to a patient. [0023] In another emrP iment of the present inyention ed'caét roduct includes
a container houSiff 4hEsiaiBlBncaRe 8?3%??5%%‘% T"o%%dk@p{]t%bé?hemggirk’éﬁ ‘%Eﬁgk%(ﬁzé‘?“The
instructions can,indesmithe:prassilioneribat fepending enitheddesiredrdose andpatent infesmation
and condition, whether to use the composition as an undiluted, ready-to-use injection or to further
dilute with a deSiP8d UnbiEnt To8%41Fhe RSniBositions of the present invention provide the flexibility of
providing a conjg@gitiprirusefukasda ready-toxise isompasition:omagiascompasitiarugefub forfurther
dilution. As a readyorse Presentation, (nfs high coneeniation compasiion.can headminisipreg to

. e 3OS COMBPEISING .
patients requirifig rgtpﬁl(ﬁi%lﬁse)t BF'action. And also to overweight patients. ermore, as this

composition contsing a hiffaengepesniration of esmuivlesniallerveltmesdofirifugioncanibeer o
administered to patients under fluid testriction, Table | showsreduction ofinfusin rate based on the
concentration of ésmolol | jection used. Table’l Dose Dose required by Patients weighing 75 Kg
Concentration pfkgmolohinjedtiorsTodecused Rate'6f¢lon 300g/KG/MINTZ2500 tiginiinr 1o dng/mL
2250 uLimin 20, mg/ml.. 50 me/mL 1125 tiL/min 450 LL/min
[6009¢} In a third aspect, there 1s provided a method of providing a composituoen for
reducing the potential for substantial adverse health consequences resuliing from an
improper dosing of an esmolol concentrate liguid composition, the method comprising
the steps of: a) providing a sterile, liquid composition comprising 40 to 60 mg/ml. of
esmolol hydrochloride; and b) from 0.01 to 2 M of a buffering agent; wherein the

composition has a pH of 4.0 te 6.0 and wherein said composition is sterile. ready-to-use,

and packaged in a container.

{00101 In one embodiment of the present disclosure, & concentrate esmolol formulation is
provided. The concentrate esmolol formulation contains of from about 40-60 mg/ml of
esmolol (or pharmaceuticalty acceptabie salts thereof), and, optionaily, from about 0.005 (o
about 2 molar {M) of a buffering agent, and pH adjusted to between about 3.5 and about 7.0.
[OCL1] In another embodiment of the present disclosure a method of dosing and adminisiering a
higuid form of esmolol js provided. The method comprises the steps of providing 2
concenirate esmoiol formulation of about 40-60 mg/ml of esmolol (or a pharmaceutically
accepiable salt thereof}, selecting a volume from the fiquid for either direct injection fo a

patient or, optionaliy, for further diiution with a suitable diluent, followed by injection fo the

patient.



200 ttg/kr, min 15000 ug/m n 10 m1500 ith/min 20 mgJmL 750 1LImin 50 mg/mL 300 ILL/min If a

practitioner desires a lower concentration of esmolol and/or a prefer_red diIl_Jent to infuse into the
patient in conjunction with esrnolol dosing, the practitioner may desire to dilute the

[0012]1 In another embodiment of the present disclosure a method of mitigating substantial
adverse health consequences resulting from direct dosing of concentrate esmolol formulations
1s provided. The method comprises the step of providing a concentrate esmolol formuiation
having 2 concentration that can be directly adminisiered to a patient with reduced or
insignificant adverse health consequences than if a similar volume of currently used
concentrate ssmolol compositions were likewise dosed.  Also, in embodiments of fhe present
disciosure wherein the volume of the presentation is about 50 m| or more, a bolus mjection of
¢ full amount would be undikely, This provides a helpful contrast o the erroneous 10 ml

belus injections of the prior art commercial concentrate. Since normal boius injections of
drug generally do not exceed 20 ml, & larger volume concenirate embodiment of the nresent
disclosure provides the advantage of inhibiting a practitioner from the erroneous full bolus
mection of such concentrate.

FOGLEY  An advantage of the present disclosure is the provision of a sterife, ready-to-use,
comcentrate form of esmolol that can be directly infused info a patient.  Such higher
concentration, sterile esmolol compositions allow for the lower volume infusion to a patient,
thereby reducing volumetric effects to patients with heart or other conditions sensitive to
volume infusions, inciuding those patients on fluid restriction.

[0014] Another advantage of the present disclosure is that, unlike prior art concentrate
compositions of esmolol that contain propylene glycol and ethanol, the present disclosure

compositions contain no irritating or harmful excipients.

3a



WO 2008/153582PCT/U52007/074325 compositions of the present invention.Suitable diluents include
diluents used by practitioners skilled in the art Typical examples include, sodium chloride, Ringers' and
dextrose solutions. While the desired, diluted concentration of esmolol will vary, typical concentrations
range from aBou¢®siazeut 25 mg/ml, and preferably [0 mg/ml. [0025] Suitqtg%/%%gﬂggrﬁgrenteral
administration include intravenous, subcutaneous, intradermal, intramuscular, intraarticularand
intrathecal. The diluted concentrate is preferably administered by intravenous infusion. [0026] The
following example compositions and method of manufacture further illustrate the invention but should

not be construed as limiting its scope. Example 1 (00271 The following describes the preparation of
esmolol compositions ofithepresent invention. The concentration of each ingredient of the
compositions are provided ir%ﬁTabIelsdI’“"élﬁd%3 asto fo%\fg()fﬁ"ﬁlé’ TR HRUIStoRILS-Ingradients
Formulation 1 ESFHUTALON 2 Foiifiratiba 3 ESHolel HICHB0 wighmL:50rmemb-50-Ma9/mL: -ouid

ocour with 4 pracritioner’s o - : Ea ; . .
th a practitioner’s custom preparation of Hke concentratons of esmolol compositions

using prior art concentrates,

DETAILED DESCRIPTION OF THE INVENTION

L0OL6]  The compositions of the present invention comprise smolol, or pharmaceuticaliv
acceptable salts thereof, c.z.. hydrochloride, a buffer and, optionally, an osmotic adiustiné
agent. As used herein, “esmolol” refers to esmolol free base and pharmaceutically acccptable’
saits thereof. The sofution is sterile and preferably packaged in a suitable container and
terminally sterilized by autoclaving. Alternatively, the sterile, esmolol concenirate can be
prepared by assptic:fill procedures. The concentration of esmolol in the concentrate ranges
from about 40-60 mg/ml, preferably is about 45-55 mg/ml and most preferably 50 mg/ml. )
{0017} While lower concentration (e.g., 10 mg/ml) ready-to-use compositions of esmojol
require an additional buffer to maintain pH, higher concentrations of esmolol in the present
invention compositions, provide self-buffering capacity 1o the compositon. Therefore, only
reduced buffer is required in the compositions of the present invention. The concentrate ca;i
include a pharmaceutically acceprable buffer 1o aid in maintaining the pH in a range of from
about 3.5 to about 7.0. Preferably, the pH is maintained berween about 4.5 and abour 5.5
more preferably between 4.9 and 5.1. Begradation of esmofol oceurs most rapidly when the
PH is outside the range of 4.0 to 6.0 and is most stabie at 5 pH of about 5.0.

L6018} Suitable buffers are those buffers that provide sufficient buffering capacity at the
desired pH range and are pharmaceutically acceptable for injection into a patient. Examples
of buffers useful in the present mvention include, but are not limited 10, acetate. chatamarte
citrate, tarirate, benzoate, lactate, gluconate, phosphate and glycine and conjugates acids
thereof. The concentration of the buffer can be from about G.003 to about 2 M. Ina preferred
embodiment the buffering agent comprises 2 combination of sodium acetate and glacial acesic
acid. A preferred combination of buffers can include sodium acerate at from about 0.005 to
about 0.3 M and glacial acetic acid at from about 0.05 o about 0.3 M.,

{00181 Inorder to avoid the incidence of, or to lessen. osmotic shock (e.g., pain at the site
of injection) when dosing compositions of esmolol directly to a patient without the use of a

dijuent, especially an osmotic adjusted diluent. it is desired to have a suitable level of

4



Sodium Acetate Trihydrate, LISP 1.4 mg/mL 0.7 mg/mL Glacial Acetic Acid. USP _O._546_ mg/mL 0.546
mg/mL 0.546 rng/mL Sodium Chloride, US!" | mg/mi.. . mg/nil. 1 ing/nth Water for injection gs gs gs

Table 2: Formulations 4-6
WO 2008/153582 POT/US2007/074325

osmolality contained in such direct dose compositions. Usnlike the prior, ready-to-use
formulations of esmolol (10 and 20 mg/ml esmolol HCL), the compositions of the present
invention provide an inherent level of osmolality (about 245-400 mQOsmoles/m!) without the
presence of additional osmotic adjusting agents. This is due to the higher concentration of
esmolol, which itself imparts a degree of osmoiality to the composition. Therefors, no
further osmotic adjusting agent is generally required by the compositions of the present
invention. Alternatively, if desired, other suitable osmotic adjusting agents may optionally be
included in the compositions of the present invention. Such agents are pharmaceutically
acceptable for injection into a patient. Suitable agents include, but are not limited to, sodium
chloride, dextrose, sodium bicarbonate, calcium chloride, potassium chloride, sodium lactate,
and Ringers’ solution. The amount of osmotic adjusting agent to be included will vary,
depending on the strength of osmolatity desired in the composition and other considerations
including the effect the osmotic agent may have on a given patient with a given condition,
e.g., the effects of sodium on a patient with congestive heart failure. Osmotic adjusting
agents are typically included in the compositions of the present invention in an amount of
from about 0.1 to 5 mg/mi. Preferred osmotic adjusting agents include sodium chioride and
dexirose,

[0020] Suitable containers for housing the esmolol concentrate are known in the art.
They include vial, syringe, bag, bottle and ampul presentations. Containers may be
fabricated of polymeric materials or from glass. Preferred polymeric containers are free of
polyvinychlorine (PVC). Preferably, the container has excelient barrier properties. A
preferred container retains moisture ensuring stability of the esmolol concentrate such as
glass containers or polymeric containers including barrier layers or secondary packaging. An
aluminum overpouch is a preferred moisture barrier for use as secondary packaging for
polymeric containers lacking a moisture barrier of their own. Preferred containers should be
able to withstand terminal sterilization such as autoclaving.

(00211 The compositions of the present invention are sterile. The coimpositions are
preferably prepared and then sierilized in their final containers by autoclaving. Alternatively,
the concentrate can be aseptically prepared or terminally sterilized via autoclaving separately
and then placed in sterile containers using an aseptic procedure, Typical autociave cycles
used in the pharmaceutical industry to achieve terminal sterilization of the final product are
121 °C for 15 minutes. The esmolol concentrate of the present invention can be autoclaved at

a femperature rangng from 115 fo 130 °C for a period of time ranging from about 5 to 40



Ingredients Formulation 4 Formulation 5 Formulation 6 Esmolol HCI 50 mg/mL 50 mg/mL 50 mg/mL

Sqdium-Acetate 1.4 mg/mL 2.8 mg/mL 2.8 mg/mL WO 2008/153582PCT/US2007/074325 |
Trihydrate, USPI

WO 2008/153582 PCE/USIO0TAT4325

minutes with acceptable stability. Autoclaving is preferably carried out in the temperature
range of about 119 to 122 °C fora period of time ranging from about 10 to 36 minutes.
ro0221 In one embodiment the concentrate is housed in a clear glass or plastic syringe
and terminally sterilized.  These pre-filled syringes can be provided in various volumes to
permit quick and easy preparation of either small volume or jarge volume parental dosage by
dispensing the contents of the pre-filled syringes into standard pre-filled intravenous fluid
bags or, optionaily, directly dosed to a patient.

[0023]1 In another embodiment of the preseat invention, a medical product includes a
container housing an esmolol concentrate and instructions kept together in a single package.
The instructions can inform the practitioner that, depending on the desired dose and patient
information and condition, whether to use the composition as an undiluted, ready-to-use
injection or to further dilute with a desired diivent.

rop241 The compositions of the present invention provide the flexibility of providing a
composition useful as a ready-to-use composition or as a composition useful for further
dilution. As a ready-to-use presentation, this high concentration composition can be
administered to patients requiring rapid onset of action, and also to overweight patients.
Furthermore, as this composition contains a higher concentration of esmolol, smaller volumes
of infusion can be administered to patients under fluid restriction. Table | shows reduction of

infusion rate based on the concentration of esmolol injection used.

Table 1

Dose Dose required by Concentration of Rate of Infusion
Patients weighing | Esmolol Injection
75 Kg To be used ]
300 22500 ug/min 10 mg/mL 2250 ul/min
| ug/Kegfmin
| 20 mg/mL 1125 ul/min
50 mg/mL i 450 ul/min
|
200 15000 pg/min 10 mg/mL | 1500 pL/min
uglkg/min
| 20 mg/mL 750 ul/min
| 50 mg/mL 300 UL/min

If a practitioner desires a lower concentration of esmolol and/or a preferred diluent fo infuse

into the patient in conjunction with esmolol dosing, the practitioner may desire to dilute the
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1 Glacial Aceticl 0.D46 mg/rriL | Acid, USP' 0.546 mg/mL 0.546 mg/mL Sodium Chloride, USP |
mginth DextroseSPIl in.L Water for irlection 0 0 2 8] In the foregoing Formulations 1-6, the pH
may be adjusted to a range of from 4.5- 5.5, and preferably 5.0. The equipment and glassware for
compoundingyfiltergesagd filling are properly washed and depyrogenatedpgp%g%gx},@ﬁ%?gnny, filling
tube assembly. and other parts and equipment are sterilized. [0029] Eighty percent (80%) of the final
volume of cool water for injection is collected in a compounding tank. Glacial acetic acid and,
optionally, sodium acetate are then added to the tank. Esmolol Hydrochloride is weighed and added to
the tank. Optionally, sodium chloride or dextrose is then weighed and added to the tank. The solution
is stirred until a!:I %xci%%r;}ts are dissolved. The solution is then adjusted to pH 5.0 with 1.0N sodium
hydroxide or hydroehioric adld. “fhe’ Sofittiol 1§ BrBught Ykl Vbitte Wilkdnatdr ek injecidy and
mixed. The esnigigiiconcesitiate is thansferrébtoaccomtainandndt avticalaveadoiaiprevige-angsmolol
hydrochloride sqlution having cengentration.f abeiks0 mamkd0Q %%é&%%ﬂh%ﬁérge%@%?ﬁe”t

invention has been described bg/ reference to certain preferred embodiments, it shou understood

that the preferr6d SHBHEIMENE Arahagraly ffdrative oy thle PFmERsES bt hegRisent invention.
Therefore, modifi¢etidns aiditsr changes maybelmadeiythasemskilechin theart withastdeparting
from the true S%E%@&%ﬁFQQQMUQEQR@,V%Wﬁ%@aQefz.m(? dzrgyamf%sﬂp peﬂ]%e%.i%%ién %bnce:nirate is
preferably administered by intravenous infusion.
(00261 'The following example compositions and method of mamifacture further illustrate

the invention but should not be construed as limiting its scope.

Example 1
[0027] The following describes the preparation of esmolol compositions of the present

invention. The concentration of each ingredient of the compositions are provided in Tables 1

and 2 as follows:

Table I: Formulations 1.3

Ingredients Formulation | Formulation | Formulation
i 2 3
Esmolol HOI 50 mg/mlL. 50 mg/ml. 50 mg/mL
Sodium Acetate 1.4 mg/mL 0.7 mg/mL
Trihydrate, USP
Glacial Acetic 0.546 mg/mL. | 0.546 mg/mL. | 0.546 mg/mL
Acid, USP
Sodium Chloride, I mg/mlL, I mg/mL | mg/ml,
USP
Water for injection qs qs as
Fable 2: Formulations 4-§
Ingredients Formulation | Formulation | Formulation }
4 5 6
Esmolol HCI 50 mg/ml. 50 mg/mL 50 mg/imlL
Sodium Acetate I.4 mg/mi, 2.8 mg/ml. 2.8 mg/mL
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What is claimed is: 1.A concentrate esmolol composition comprising: a) 40 to 60 mg/mL of esmolol
hydrochloride; and b) 0.01 to 2 M of a buffering agent: wherein the composition has a pH of 4.0 to 6.0
and wherein said composition is sterile, ready-to-use, and packaged in a container. 2.The composition
of claim 1, wheseisghezbssfering agent comprises at least one of acetate, glutaynalgy,gitfate, tartrate,
benzoate, lactate, gluconate, phosphate and glycine and conjugate acids thereof 3.The composition of
claim 2, wherein the buffering agent comprises sodium acetate and acetic acid. 4.The composition of
claim 1, further comprising an osmOfic adjusting agent. 5.The composition of claim 4, wherein the

osmotic adjusting agent is selected from the group consisting of dextrose, sodium chloride, sodium

bicarbonate, calcium-chloride potassium-chloride;-sodivm-lactate-and-Ringers-selutjon. 6.The

composition of claim|4, mﬂﬁ@b@miﬂwé}%@m tic adjustlng agent is present in an amountifrom 0.1 to 5

mg/mL. 7.The compgsitioniefiglaisa comprisingignidy t0.556 mghil esmaohid@El.b) 0.01 M glacial
acetic acid; and c) 1 mg/mL, spditge chlotide. 8.The compositiOn of claim 4 comprising: a) 45 to 55
mg/mL esmolol NCI;|B) Q0T éﬁdlu acetate;

ot e I mg/mi e

USP
Dextrose, USP | mg/mL - e
Water for injection as , as as

(00281 Inthe foregoing Formulations 1-6, the pH may be adjusted to a range of from 4.5-
5.5, and preferably 5.0. The equipment and glassware for compounding, filtering, and filling
are properly washed and depyrogenated. The filter assembly, filling tube assembly, and other
parts and equipment are sterilized.

1060291 Eighty percent (80%) of the final volume of cool water for injection is collected in
a compounding tank. Glacial acetic acid and, optionally, sodium acetate are then added to the
tank. Esmolol Hydrochloride is weighed and added to the tank. Optionally, sodium chloride
or dextrose is then weighed and added to the tank. The solution is stirred until all excipients
are dissolved. The solution s then adjusted o pH 5.0 with 1.0N sodium hydroxide or
hydrochloric acid. The solution is brought to final volume with water for injection and
mixed. The esmolol concentrate is transferred 10 a container and autoclaved to provide an
esmolol hydrochloride solution having a conceatration of about 50 mg/ml.

[00301 Although the present invention has been described by reference to certam
preferred embodiments, it should be understood that the preferred embodiments are merely
illustrative of the principles of the present invention. Therefore, modifications and/or changes
may be made by those skilled in the art without departing from the true spirit and scope of the

invention as defined by the appended claims.



c) 0.01 M glacial acetic acid; and d) 1 mg/mL sodium chloride. 9.The composition of claim 4
comprising: a) 45 to 55 mg/mL esmolol HCI; b) 0.005 M sodium acetate; ¢) 0.01 M glacial acetic acid,;
and d) 1 mg/mL sodium chloride. 10.The composition of claim 4 comprising: a) 45 to 55 mg/mL
esmolol HCI; b) 0.01 M sodium acetate; c) 0.01 M glacial acetic acid; and d) 1 mg/mL dextrose. 11.The
composition of claim 4 comprising: a) 45 to 55 mg/mL esmolol HCI; b) 0.02 M sodium acetate; c) 0.01
M glacial acetic acid; and d) 1 mg/mL sodium chloride. 12.The composition of claim 1 comprising: a)
45 to 55 mg/mL esmolol HCI; b) 0.02 M sodium acetate; and

What is claimed is:

1. Acconcentrate esmolol composition comprising:
&} 47 to 60 mg/mi. of esr“'nc}loé hydrochloride; and
()] 0.01 to 2 M of a buffering agent;”
wherein the composition has a pH of 4.0 to 8.0 and wherein said composition is sterile, ready-to-use, and

packaged in a container.

2. The composition of claim 1, wherein the buffering agent comprises at ieast one of
acetate, glutamate, citrate, tarirate, benzoate, lactate, gluconate, phosphate and glycine and conjugate

acids thereof.,

3. The composition of ¢claim 2, wherein the buffering agent comprises sodium acetate and
acetic acid.

4. The composition of claim 1, further comprising an osm'c}‘iic adjusting agent.

5. The composition of claim 4, wherein the osmotic adjusting agent is selected from the

group consisting of dextrose, sodium chioride, sodium bicarbonate, calCium chloride, potassium chloride,

sodium lactate and Ringer's solution.

6. The composition of claim 4, wherein the osmotic adjusting agent is present in an amount

from 0.1 to 5 mg/mL.

7. The composition of claim 4 comprising:
a) 45 to 55 mg/mL esmolol HC;
b} 0.01 M glacial acetic acid; and
c} 1 mg/mL sodium chloride.

8. The composition of claim 4 compriging:
a} 45 to 55 mg/mlL esmolol HCI;
b} 0.01 M sodium acetate;



c) 0.01 M glacial acetic acid. 13.A medical product comprising: a) a composition comprising
from 40 to 60 mg/mL of esmolol hydrochloride and from 0.01 to 2 M of a buffering agent housed in a
container; b) instructions directing a practitioner to use the composition for direct injection or
“for dilution and then injection; and c) a package housing the container and instructions,
wherein said composition is sterile and ready-to-use. 14.The medical product of claim 13, wherein the
buffering agent comprises at least one of acetate, glutamate, citrate, tartrate, benzoate, lactate,
gluconate, phosphate and glycine and conjugate acids thereof. 15.The medical product of claim 13,
wherein the buffering agsnt CO@W@F@&%‘?%H&E@%@@%Q“ acetic acid 16.The medical product of claim
13, wherein the concentrate esmolol formulation further comprises an osmotic adjusting agent, 17.The
medical product of clainf16 whePEihedsm 585H6h comprises: a) 45 to 55 mg/mL esmolol HCI; b)
0.01 M glacial acetic acid; and c) 1 mg/mL sodium chloride. 18.The medical product of claim 16
wherein the comppsitionraemprisesivapdSdm S5:mghubgesmolol HCI; b) 0.01 M sodium acetate; c)

0:01 M glacial acetic acigh and &) 4 53¢/} Segdivimg ¢iipride.

b} 0.005 M sodium acetate;
c) 0.01 M glaciat acetic acid, and
e) 1 mg/mL sodium chioride.

10. The composition of ¢laim 4 comprising:

a) 45 to 55 mg/mL esmolol HCHL
b) 0.061 M sodium acetate;
c) 0.01 M glacial acetic acid; and
d) T mg/ml. dexirose.

11. - The compesition of claim 4 comprising:

8) 451055 mg/mi esmolol HC,
b) 0.02 M sodium acetate;

- ¢} 0.01 M glacial acetic acid; and
d) 1 mg/mi. sodium chloride.
12. The composition of claim 1 comprising:
a) 45 to 55 mg/mbL esmolol HC;
b) 0.02 M sodium acetate; and
)| (.01 M glacial acetic acid.
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19.The medical product of claim 16 wherein the composition comprises: a) 45 to 55 mg/mL esmolol
HCI; b) 0.005 M sodium acetate; c) 0.01 M glacial acetic acid; and d) 1 mg/mL sodium chloride 20.The
medical product of claim 16 wherein the composition comprises: a) 45 to 55 mg/mL esmolol HCI b)
0.01 M sodium acetate; c) 0.01 M glacial acetic acid and d) 1 mg/mL dextrose. 21.The medical product
of claim 16 wherein the composition comprises: a) 45 to 55 mg/mL esmolol NCI; b) 0.02 M sodium
acetate; c) 0.01 M glacial acetic acid' and d) 1 mg/mL sodium chloride 22.The medical product of claim
13 wherein the composition comprises: a) 45 to 55 mg/mL esmolol Ha; b) 0.02 M sodium acetate; and

c) 0.01 M glacial ggetic acigh#3pBetheshptiargviding a composition for reducing the potential for
substantial adverse aj a cornposition comprising from 40 to 60 mg/mL of esmoelol hydrochloride and

from 0.01 to 2 M of a buffering agent housed in a container;
b) instructions directing a practitioner fo use the composition for direct injection or

for dituticn and then injection; and
c) a package housing the container and instructions, wherein said composition is

sterile and ready-to-use.

14. The medical product of claim 13, wherein the buffering agent comprises at least one of
acetate, glutamate, citrate, tarirate, benzoate, lactate, gluconate, phosphate and glycine and conjugate

acids thereof.

15. The medical product of cfaim 13, wherein the buffering agent comprises sodium acetate

and acetic acid.

16. The medical product of claim 13, wherein the concentrate esmolol formulation further

cormnptises an osmotic adjusting agent.

17. The medical product of claim 16 wherein the composition comprises:
a) 45 to 55 mg/mL esmoloi HC; ‘
b} 0.01 M glacial acetic acid; and
C) 1 mig/mL sodium chloride,
18. The medical product of claim 16 wherein the composition comprises:
a) 45 to 55 mg/mL esmolcl HCH;
b) 0.01 M sodium acelate;
C) 0.01 M glacial acetic acid; and
d) 1 mg/mL sodium chloride.
19. The medical product of claim 16 wherein the composition comprises:

11



health consequences resulting from an improper dosing of an esmolol concentrate liquid composition,
the method comprising the steps of: a)providing a sterile, liquid composition comprising 40to 60 mg/mL
of esmolol hydrochloride; and b)from 0.01 to 2 M of a buffering agent; wherein the composition has a
pH of 4.0 to 6.0 and wherein said composition is sterile: ready-to-use, and packaged in a container.
24.The method of claim 23, wherein the buffering agent comprises at least one of acetate, glutamate,
citrate, tartrate, benzoate, lactate, gluconate, phosphate and glycine and conjugate acids thereof.
25.The method of claim 23, wherein the buffering agent comprises sodium acetate and acetic acid.
26.The method of claim 23, furiier, cemprising apss@etic adjusting agent. 27.The method of claim 23,
wherein the osmotic adjusting a entrJF selected tfr{:om the group consisting of dextrose, sodium
chloride, sodium bicarbobﬁate, é)a%g% C aié"%a(f,@pao?assium chloride, sodium lactate and Ringer's
solution. 28.The method®bf claifP 28! Afférkiraite’e8rblic adjusting agent is present in an amount of
from 0.1 to 5 mg/mL. 29df he methwdhiobataim®®ridmerein the sterile, liquid composition comprises: a)
45 to 55 mg/mL esmolol NCI; b) 0.01 M glacial acetic acid; and c¢) 1 mg/mL sodium chloride. 30.The

method of claim 24, whergin (g sterils, iayid-6emnasifian FOTRKRERLALARIRES my/mL esmolol HCI;

a) 45 to 55 mg/mL esmoiol HCI;
b} 0.01 M sodium acetate;
c) .01 M giacial acetic acid; and
e} 1 mg/ml dextrose.
21. The medical product of claim 16 wherein the composition comprises:
a) 45 to 55 mg/mL esmolol HCI;
b) 0.02 M sodium acetate,
c) (.01 M glacial acetic acid; and
d) 1 mg/ml sodium chioride.
22. The medical product of claim 13 wherein the composition comprises:
a) 45 1o 55 mg/mi. esmoiol HC;
b} 0.02 M sodium acetate; and
c) 0.01 M glacial acetic acid.
23. A method of providing a composition for reducing the potential for substantial adverse

heé!th consequences resulting from an improper dosing of an esmolol concentrate liguid composition, the

method comprising the steps of:
aj providing a sterile, liquid compaesition comprising 40to 60 mg/mL of esmolol

hydrochloride; and
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b) 0.01 M sodium acetate; c) 0.01 M glacial acetic acid. and d) 1 mg/mL sodium chloride 31.The
method of claim 27, wherein the sterile, liquid composition comprises: a)45 to 55 mg/mL esmold HCI;
b) 0.005 M sodium acetate; c) 0.01 M glacial acetic acid; and d) 1 mg/mL sodium chloride. 32.The
method of claim 27, wherein the sterile, liquid composition comprise: a) 45 to 55 mg/mL esmolol HGI,
b) 0.01 M sodium acetate; c) 0.01 M glacial acetic acid and d) 1 mg/mL dextrose. The method of claim
27, wherein the sterile, liquid composition comprises: a) 45 to 55 mg/mL esmolol HCI; b) 0.02 M
sodium acetate; c) 0.01 M glacial acetic acid; and d) 1 mg/mL sodium chloride 34.The method of claim

23, wherein the sterile, Ig}uid c%rll[pg_%qi%q@g}%rm'ﬂ@ adg";e;@ 55 mg/mL esmolol HCI,
wherein the composition has a pH of 4.0 to £.0 and wherein said composition is sterile, ready-fo-use, and

packaged in a container,

24, The method of claim 23, wherein the buffering agent comprises at least one of acetate,

glutamate, citrate, tartrate, benzoate, lactate, gluconate, phosphate and glycine and conjugate acids

thereof.

25. The method of claim 23, wherein the buffering agent comprises sodium acetate and
acetic acid.

26. The method of claim 23, further comprising an osmotic adjusting agent.

27. The method of claim 23, wherefn the osmctic adjusting agent is selected from the group

consisting of dextrose, sodium chloride, sodium bicarbonate, calcium chloride, potassium chioride,

sodium lactate and Ringer's solution.

28. The method of claim 23, wherein the osmotic adjusting agent is present in an amount of

from 0.1 to 5 mg/mL.

29, The method of claim 27, wherein the sterile, liquid composition comprises:
a) 45 to 55 mg/mL esmoloi HCI;
b} 0.01 M glacial acetic acid; and

c) 1 mg/ml sodium chloride.
30. The method of claim 27, wherein the sterile, fiquid composition comprises:
a) 45 to 55 mg/ml esmolol HCI;
b) 0.01 M scdium aceiate;
c) 0,01 M glacial acetic acid; and
d} 1 mg/mL sodium chloritje.
31. The method of claim 27, wherein the sterile, liquid composition comprises:

a) 45 to 55 ma/mL esmolol HCI;
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b) 0.02 M sodium acetate; and c¢) 0.01 M glacial acetic acid. 35.The composition of claim 1, wherein
the composition is free of added osmotic adjusting agent. 36.The composition of claim 1, wherein the
container is a bag.

agent.

32.

33

34,

35.

36.

b) 0.005 M sodium acetate;
c) 0.01 M glacial acetic acid; and
o) 1 mg/mi. sodium chioride.

S

The method of claim 27, wherein the sterile, liguid composition comprises:

a) 45 to 55 mg/ml. esmolol HGE;
b) 0.01% M sodiurm acetate;

c) 0.01 M glacial acetic acid; and
o) 1 mg/ml dexirose.

The method of clairm 27, wherein the sterile, liguid comBosition comprises:

a} 45 to 55 mgfmb esmolol HCY,

b} 0.02 M sodium acetate;
c) 0.01 M glacial acetic acid; and
d) 1 mg/mL sodium chloride.

The method of claim 23, wherein the sterile, liquid compaosition comprises:

a) 45 to 55 mg/mL esmolol HCL;
b) 0.02 M sodium acetate; and
c} 0.01 M glacial acetic acid.

The composition of claim 1, wherein the composition is free of added osmotic adjusting

The composition of claim 1, wherein the container is a bag.
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