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PARENTERAL ESMOLOL FORMULATION

[0001] The invention refers to a parenteral formulation of
esmolol hydrochloride for use in the treatment of a patient
suffering from tachycardia and a highly concentrated ready-
to-use i.v. solution of esmolol hydrochloride.

BACKGROUND

[0002] Esmololis a parenterally administered, cardioselec-
tive beta-inhibitor. The active substance is esmolol hydro-
chloride (Esmolol HCI, 4-[2-Hydroxy-3-[(1-methylethyl)
amino|propoxy| benzenepropanoic acid methyl ester
hydrochloride, CAS Number: 81161-17-3), with established
efficacy and tolerability. Esmolol is indicated for the short-
term treatment of supraventricular tachycardia (except for
pre-excitation syndromes), and for the rapid control of ven-
tricular rate in patients with atrial fibrillation or atrial flutter in
perioperative, postoperative, or other circumstances where
short-term control of the ventricular rate with a short acting
agent is desirable. It is also indicated for tachycardia and
hypertension during the perioperative phase and noncompen-
satory sinus tachycardia where, in the physician’s judgement
the rapid heart rate requires specific intervention. Esmolol is
not intended for use in chronic settings. Brevibloc® 100
mg/10 ml (Baxter Deutschland GmbH) has been provided in
aliquid formulation comprising saline, sodium acetate, acetic
acid and water for injection (WFI). The product is currently
provided as a concentrate 2500 m1/10 mL that is, however, not
suitable for direct intravenous (i.v.) injection and must be
diluted prior to administration or as a diluted solution using
NaCl as a diluting agent (2500 mg/250 mL).

[0003] According to the product information of
Brevibloc® there is the risk of chronic toxicity; preclinical
studies have shown vessel injury and thrombophlebitis at
concentrations of 20 mg/ml.,, thus, it was recommended
against using concentrations higher than 10 mg/mL. Upon
perivenous administration of at least 10 mg/ml.,, there are
local reactions at the injection site.

[0004] The Brevibloc® formulation is prepared according
to WO 02/076446 Al, disclosing a formulation comprising
the active substance, a buffering agent, like acetate, and an
osmotic-adjusting agent, like saline. This formulation is
designed as a thermostable solution, which can be sterilized
by autoclaving. WO 2008/153582 A1 discloses a concentrate
esmolol formulation, which comprises the active substance at
a concentration of 50 mg/ml. and a buffering agent, like
sodium acetate and acetic acid. Such concentrate is usually
diluted before infusion, so to minimize adverse reactions, like
local skin irritation at the site of infusion.

[0005] “ESMOCARO LYO 2500 mg powder for concen-
trate for solution for infusion”, 7 Sep. 2010, pages 1-13
(URL: http://db.cbq_meb.nl/mri/spc/nih-0779-003.pdf) and
“PACKAGE LEAFLET: INFORMATION FOR THE USER:
ESMOCARO LYO”, 9 Nov. 2010, pages 1-8 (URL: http://db.
cbq meb.nl/mri/pil/nih-0779-003.pdf) describe an esmolol
Lyo wherein the final formulation has a concentration of 10
mg/mL.

[0006] While it would be desirable to administer high con-
centrations of esmolol hydrochloride to shorten the treatment
time, there is the risk of infusion site reactions including
inflammation and induration, like edema, erythema, skin dis-
coloration, burning at the infusion site, thrombophlebitis, and
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local skin necrosis from extravasation phlebitis, which side
effects are commonly minimized by administering the diluted
formulation.

[0007] Typically a 2500 mg/10 mL concentrate for solution
for infusion is provided for further dilution to obtain a 100
mg/10 ml. solution for injection. WO 2009/079679 A2
describes a storage-stable Esmolol HCI solution comprising
cyclodextrin as pharmaceutical solubilizer to ease the dilu-
tion of a concentrate.

[0008] ESMOCARD LYO (Orpha-Devel Handels and Ver-
triebs GmbH, Austria) comprises esmolol hydrochloride in
the lyophilized form. It is provided as a 2500 mg powder for
concentrate for solution for infusion. The reconstituted con-
centrate contains 50 mg/ml,, is further diluted to a concen-
tration of 10 mg/mlL..

[0009] It is the object of the invention to provide a concen-
trated i.v. solution of esmolol hydrochloride that can be safely
used for the treatment of tachycardia patients.

SUMMARY OF THE INVENTION

[0010] The object is solved by the subject matter as
claimed. According to the invention there is provided a
parenteral formulation of esmolol hydrochloride for use in
the treatment of a patient suffering from tachycardia compris-
ing a lyophilized powder consisting of pure esmolol hydro-
chloride, wherein said powder is reconstituted to obtain a
ready-to-use i.v. solution of esmolol hydrochloride at a con-
centration of 20-100 mg/ml., and said i.v. solution is directly
administered to the patient.

[0011] Specifically said powder is reconstituted in an i.v.
solvent devoid of alcohol or a buffer excipient. For example,
said powder is reconstituted in an aqueous i.v. solvent
selected from the group consisting of water for injection
(WFI), glucose solution, glucose and Ringer solution, glu-
cose and saline solution, saline solution, Ringer Lactate solu-
tion or Ringer Lactate and saline solution.

[0012] According to a specific embodiment said powder is
reconstituted to obtain an iso-osmotic i.v. solution.

[0013]

[0014] Specifically, said powder, comprising e.g. at least
100, at least 250, or at least 2500 mg esmolol hydrochloride,
is easily reconstituted with at least 5 mL, or at least 10 mL,
alternatively at least 50 mL, in some cases at least 100 mL, at
least 250 mL or at least 500 mL, with the i.v. solvent. The
reconstitution time at room temperature usually is short,
which is a great advantage for the clinician. Depending on the
concentration, the i.v. solvent and means for reconstitution,
the reconstitution time typically is within 15 seconds up to 5
minutes. As an example, the lyophilized powder containing
2500 mg esmolol hydrochloride is reconstituted in 50 mL
WF1within less than 1 min, typically less than 30 sec, in most
cases immediately, i.e. within 15 seconds by slight agitation
at room temperature.

[0015] It is preferred that said esmolol hydrochloride con-
centration is at least 50 mg/mlL..

[0016] Said i.v. solution is specifically administered as
infusion or continuous infusion.

[0017] In particular, said i.v. solution is administered as
maintenance infusion, e.g. at a dose of at least 25 pg/kg/min,
optionally following an initial infusion, e.g. at a dose of at
least 300 pg/kg/min. A start with the maintenance infusion is
also possible.

Preferably, said i.v. solution has a pH of 4.5 to 5.0.
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[0018] Said initial infusion may specifically be at a dose of
at least 300 pg/kg/min, preferably more than 300 pg/kg/min,
such as at least 400 or at least 500 ng/kg/min.

[0019] Said maintenance infusion may specifically be at a
dose of at least 25 pg/kg/min, preferably at least 50 pg/kg/
min, or at least 100 pg/kg/min, such as at least 200, at least
300, typically within the range of 100 to 300, in some cases up
to 500 ng/kg/min.

[0020] Forthe short-term treatment, e.g. the initial infusion
the infusion time typically is less than 60 min, in some cases
longer, such as less than 120 min or less than 180 min.
[0021] The maintenance dose of said i.v. solution is typi-
cally administered during a longer period of time, such as an
infusion time of at least 60 min, or atleast2h,3h,4 h, Shor
6 h, in some cases at least 12 or at least 24 hours.

[0022] In specific cases the high dose short-term treatment
is preferred in cases of blood pressure lowering during aortic
dissection or for controlled hypotension to avoid blood loss in
ear/nose/throat surgery.

[0023] The i.v. solution according to the invention may be
advantageously administered intravenously to patients who
could be given only small volumina. Specifically treatment of
patients suffering also from cardiac decompensation and/or
hyperhydratation and/or renal decompensation and/or hyper-
natremia and/or hyperchloramic acidosis and/or hyperhydra-
tation is possible.

[0024] Said i.v. solution specifically is local tissue tolerant
at the infusion site. In particular, it is administered to a patient
in a way not causing venous irritation or skin necrosis. There-
fore, the specific use of the formulation according to the
invention is for preventing local venous irritation or skin
necrosis at the infusion site.

[0025] According to a specific embodiment, a patient is
treated according to the invention who is

a. suffering from any of acute tachycardia selected from
supraventricular tachycardia, ventricular tachycardia or
hypertension and non-compensatory sinus tachycardia, atrial
fibrillation, atrial flutter in perioperative, postoperative, or
other circumstances where short-term control of the ventricu-
lar rate is desirable, or

b. in need of blood pressure lowering during aortic dissection
or for controlled hypotension to avoid blood loss in ear/nose/
throat surgery or for diagnostic purposes.

[0026] According to the invention there is further provided
a method of producing a ready-to-use i.v. solution of esmolol
hydrochloride by reconstituting a lyophilized powder con-
sisting of pure esmolol hydrochloride with a solvent, charac-
terized in that said solvent is an i.v. solvent devoid of alcohol
or a buffer excipient, in an amount necessary to obtain a
ready-to-use i.v. solution at a concentration of 20-100
mg/mL.

[0027] According to aspecific aspect of the invention, there
is provided a ready-to-use i.v. solution containing a parenteral
formulation of 20-100 mg/mL pure esmolol hydrochloride in
an infusion device. Said i.v. solution is specifically ready-to-
use without further dilution.

[0028] According to another specific aspect of the inven-
tion, there is provided a ready-to-use i.v. solution comprising
or consisting of a parenteral formulation of 20-100 mg/mL
pure esmolol hydrochloride, WFI and/or saline solution, spe-
cifically a formulation devoid of any alcohol or further excipi-
ents, such as buffer excipients.

[0029] Specifically, the i.v. solution is consisting of pure
esmolol hydrochloride, WFI and optionally saline.
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[0030] According to the invention there is further provided
a kit or set of parts for preparing a parenteral formulation
according to the invention, comprising the components

a) a lyophilized powder consisting of pure esmolol hydro-
chloride, and

b) WFTI or saline solution.

[0031] Component a) specifically comprises 2500 mg of
the powder contained in a 50 mL vial.

The kit optionally further comprises an infusion device suit-
able for i.v. administration.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Specific terms as used throughout the specification
have the following meaning.

[0033] Theterm “i.v. solution” as used herein shall mean an
aqueous solution suitable for direct administration into the
venous circulation of a subject, employing an infusion device,
e.g. via a syringe or intravenous catheter or tube. The i.v.
solution according to the invention may be freshly prepared
by reconstituting the lyophilized powder, or else prepared
well before its administration to the subject, specifically when
it is storage stable as determined by suitable stability studies.
[0034] An iso-osmotic i.v. solution is understood as a solu-
tion containing the same concentration of particles and thus
exerting equal osmotic pressure as blood. For example, a
0.9% solution of NaCl (Normal Saline) is iso-osmotic with
blood. Further examples are 5% glucose, Ringer solution or
Ringer lactate solution.

[0035] Ani.v. solvent is herein understood as a water-mis-
cible solvent for intravenous injection. By using a suitable
aqueous medium or carrier as an i.v. solvent, the respective
i.v. solution of the active ingredient esomolol hydrochloride
is suitably prepared according to the present invention. Suit-
able 1.v. solvents are e.g. water for injection (WFI), glucose
solution, glucose and Ringer solution, glucose and saline
solution, saline solution, Ringer Lactate solution or Ringer
Lactate and saline solution. When an iso-osmotic solvent is
used for reconstituting the lyophilized powder of esmolol
hydrochloride, the resulting i.v. solution is understood to be
an iso-osmotic i.v. solution.

[0036] The term “infusion device” as used herein shall
mean a device used to administer an intravenous solution,
such as a container containing the i.v. solution in the sterile
form, and optionally equipped with a seal or septum to enable
the sterile discharge of the i.v. solution into a catheter. The
infusion device may be suitably in the form of a bag, bottle or
syringe, optionally prefilled with the lyophilized powder or
the ready-to-use formulation, containing about the volume of
administration, e.g. a container of S0 ml., 100 mL,, 250 mL., or
500 mL. The infusion device may be of standard materials,
including plastic or glass. The device or infusion system may
further comprise a suitable catheter, such as a butterfly cath-
eter, e.g. a metal needle with flexible plastic wings and a short
length of tubing, which facilitates placement and fixation
with tape. The infusion device may also be provided for use
with a central catheter placed into a large vein in the neck
(internal jugular vein), chest (subclavian vein or axillary vein)
or groin (femoral vein), e.g. as used in an intensive care unit.
Typically the infusion device as used herein is suitable to drip
an i.v. solution into a subject in a controlled way to ensure
correct dosing, e.g. through a plastic tube inserted directly
into a vein.

[0037] The term “local tissue tolerant” with reference to an
1.v. solution as used herein shall mean the formulation that is
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tolerant at the site of injection or infusion, thus minimizing
side effects, such as local skin irritations or venous or
perivenous irritations, including inflammatory reactions at
the infusion site. Specifically the local tissue tolerant i.v.
solution has an advantageous adverse reaction profile as
determined by preclinical and/or clinical studies. The
parenteral formulation according to the invention advante-
geously has less side reactions than the conventional prod-
ucts, such as skin irritation or phlebitis, in particular in the
absence of additives like organic substances such as ethanol,
or buffer excipients.

[0038] The term “parenteral formulation” with reference to
the formulation of esmolol hydrochloride as used herein shall
mean a lyophilized powder that is reconstituted to obtain the
i.v. solution according to the invention. The formulation spe-
cifically is sterile, non-pyrogenic and free from particulate
material in the i.v. solution. Specifically the parenteral for-
mulation is sterilized by filtration before lyophilizing. The
parenteral formulation may be provided as the lyophilized
product or else as a combination product comprising the
lyophilized product and the solvent for reconstitution and/or
any further means suitably used for reconstituting the prod-
uct.

[0039] The term “pure esmolol hydrochloride” as used
herein shall mean esmolol hydrochloride of at least 95%
purity, preferably at least 98%, but in average more than 99%
purity. The percentage of purity is herein understood as w/w
of the dry substance.

[0040] The lyophilized powder of pure esmolol hydrochlo-
ride is specifically prepared by dissolving the active sub-
stance in WFI, sterilized by 0.22 um filtration and filled into
vials. Following lyophilization the vials are closed and
sealed. In the absence of additives like organic substances or
buffer excipients, the lyophilized powder specifically con-
sists of at least 95%, preferably at least 98%, but in average
more than 99% of pure esmolol hydrochloride in the lyo-
philized form, usually with a residual water content of up to
2%, preferably up to 1%.

[0041] The term “ready-to-use” with reference to an i.v.
solution according to the invention as used herein shall mean
the preparation in the reconstituted form, with standardized
concentration and quality, prefilled in the single-use con-
tainer, such as glass vials, infusion bags or syringes, ready for
administration to the patient.

[0042] The term “tachycardia” as used herein is understood
in the broadest sense, including all disease conditions asso-
ciated with fast or irregular heart rate, in particular a condition
in which the heart contracts at a rate greater than 100/min in
adults. Herein tachycardia specifically refers to pathologic
tachycardia accompanying anoxia, such as that caused by
anemia; congestive heart failure; hemorrhage; or shock.
Tachycardia acts to increase the amount of oxygen delivered
to the cells of the body by increasing the rate at which blood
circulates through the vessels.

[0043] The term “direct administration” with reference to
an i.v. solution as used herein shall mean the immediate
administration, i.e. without further dilution, premixing with
other substances or otherwise changing the composition or
formulation of the i.v. solution. Such i.v. solution is typically
directly discharged from an infusion device and administered
via a vascular access port or through a central line.

[0044] Therefore, the invention provides for an improved
parenteral formulation for use in the treatment of patients.
Herein the terms “subject” and “patient” are used inter-
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changeably and refers to human beings in need of such treat-
ment. And further herein the terms “esmolol” and “esmolol
hydrochloride” are used interchangeably.

[0045] According to the invention the ready-to-use i.v.
solution is specifically administered as continuous infusion,
but may as well be administered by one or more bolus injec-
tions, e.g. single i.v. injections(s). Based on the pharmaco-
logical properties esmolol has a fast and short action by which
the dose can be quickly adjusted. After the starting dose, e.g.
by an initial infusion of the formulation according to the
invention, typically a steady state plasma concentration is
reached within 5 minutes. However, the therapeutic effect is
sooner obtained than the stable plasma concentration. The
infusion rate can then be adjusted to obtain the desired phar-
macological effect.

[0046] The formulation according to the invention may
then be employed for a maintenance dose during a suitable
administration time. A typical treatment regimen may start
with a dose of 500 pg/kg/min for 1 min, followed by a dose of
25-500 pg/kg/min for maintenance infusion or may be initi-
ated by using the maintenance infusion only.

[0047] It surprisingly turned out that the typical side effects
of local venous skin irritations or inflammatory reactions at
the site ofinjection could be avoided by using the formulation
according to the invention. As an example, the i.v. solution
based on reconstituting the lyophilized powder in NaCl did
not bring about any blushing, erythema, pain, inflammation,
induration, phlebitis and thrombosis.

[0048] Since the formulation according to the invention
provides for the high safety when administering the i.v. solu-
tion, there is more flexibility with respect to the treatment
dose and regimen. The physician may thus increase the dose
as needed, without following a strict scheme that is com-
monly used to determine the individual tolerability of the i.v.
solution in situ during the treatment of the patient.

[0049] Despite of using pure esmolol hydrochloride
according to the invention, and specifically in the absence of
organic solvents, like alcohol, buffering excipients or further
auxiliary agents, the formulation according to the invention
and the i.v. solution specifically turned out to be surprisingly
stable. The formulation in the lyophilized powder form spe-
cifically is storage stable at room temperature for at least 12,
preferably at least 24, more preferred at least 36 months; the
in-use stability for the reconstituted product, i.e. the i.v. solu-
tion has proven for at least 6 hours, preferably at least 12
hours, more preferred at least 24 hours.

[0050] Stability typically is determined as the percentage of
pure esmolol hydrochloride, which is at least 95%, and the
absence of contaminating degradation products of esmolol
hydrochloride.

[0051] Specific examples relate to the preparation of the
lyophilized powder of pure esmolol hydrochloride, the recon-
stitution to prepare the i.v. solution and the protocol to its
clinical use.

[0052] The foregoing description will be more fully under-
stood with reference to the following examples. Such
examples are, however, merely representative of methods of
practicing one or more embodiments of the present invention
and should not be read as limiting the scope of invention.

EXAMPLES

[0053] Examples below illustrate the materials and meth-
ods used to prepare and administer the formulations and i.v.
solutions according to the invention.
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Example 1

Preparation Of The Lyophilized Powder Of Pure Esmolol
Hydrochloride

[0054] Pure esmolol hydrochloride is added to Water for
Injections and the solution is stirred until it is homogenous.
The pH is checked and if necessary adjusted to 4.0 to 6.0. The
final product solution is sterile filtered, filled into vials and
finally lyophilized by a defined freeze-drying program.

Example 2

[0055] Reconstitution Of The Lyophilized Powder Of
Example 1 To Prepare The i.v. Solution

[0056] The lyophilized powder is reconstituted in 50 mL of
reconstitution agent to receive a final product concentration
of 50 mg/ml.. In-use stability data are available with the
below mentioned reconstitution agents showing stability of
the reconstituted solution up to 24 hours at room temperature:

[0057] 0.9% NaCl solution

[0058] Glucose 5% solution

[0059] Ringer’s lactate solution

[0060] Glucose 5% in Ringer’s solution

[0061] Glucose 5% in 0.9% NaCl solution

[0062] Glucose 5% in Ringer’s lactate solution

[0063] In addition, in-use stability data are available with

the solvents 0.9% NaCl solution, 5% Glucose solution and
Ringer’s lactate solution for a final product concentration of
10 mg/ml, (2500 mg/250 mL). All three solvents lead to a
stable product solution up to 24 h at room temperature.
[0064] The lyophilized powder is reconstituted within 15
sec with 50 mL of Water for Injections.

[0065] Studies regarding reconstitution time with less than
50 mL reconstitution volume were performed with 5% glu-
cose and 0.9% NaCl solution.

[0066] The reconstitution time in 5 mL of 5% glucose solu-
tion was defined with 90 sec, in 10 mL the reconstitution time
could be reduced to 60 sec.

[0067] The reconstitution time in 5 mL of 0.9% NaCl solu-
tion was defined with 75 sec, in 10 mL the reconstitution time
was reduced to 50 sec.

Example 3

Administration Of A Reconstituted Solution Of Example 2

[0068] The reconstituted solution was applied intrave-
nously using large superficial arm veins at doses between 25
to 300 pg/kg/min up to 24 h without the induction of local
reactions such as pain, reddening, erythema, blushing, throm-
bophlebitis or induration and thrombosis.
1. A method of treating a patient suffering from tachycardia
comprising the steps of:
reconstituting a lyophilized powder consisting of pure
esmolol hydrochloride with an aqueous solution to
obtain a ready-to-use intravenous (i.v.) solution of
esmolol hydrochloride at a concentration of 20-100
mg/ml, and
administering said i.v. solution to the patient.
2. The method of claim 1, wherein said powder is recon-
stituted in an i.v. solvent devoid of alcohol or a buffer excipi-
ent, and wherein the solvent is selected from the group con-
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sisting of water for injection (WFI), a glucose solution, a
glucose and Ringer solution, a glucose and saline solution, a
saline solution, a Ringer Lactate solution, and a Ringer Lac-
tate and saline solution.

3. The method of claim 1, wherein said i.v. solution has a
pH of4.51t0 5.0.

4. The method of claim 1, wherein said esmolol hydrochlo-
ride concentration is at least 50 mg/mL.

5. The method of claim 1 Formulation according to any of
claims 1 to 3, wherein said i.v. solution is administered as a
continuous infusion.

6. The method of claim 1, wherein said i.v. solution is
administered as a maintenance infusion at a dose of at least 25
ng/kg/min.

7. The method of claim 1, wherein said i.v. solution is local
tissue tolerant at the infusion site, thereby preventing local
venous irritation or skin necrosis at the infusion site.

8. The method of claim 1, wherein said patient is:

a. suffering from a condition selected from the group con-
sisting of supraventricular tachycardia, ventricular
tachycardia, non-compensatory sinus tachycardia, atrial
fibrillation, and atrial flutter, or

b. in need of blood pressure lowering during aortic dissec-
tion or for controlled hypotension to avoid blood loss in
ear/nose/throat surgery or for diagnostic purposes.

9. The method of claim 1, wherein said patient is experi-
encing one or more conditions selected from the group con-
sisting of cardiac decompensation, hyperhydratation, renal
decompensation, hypernatremia, hyperchloramic acidosis,
hyperhydratation.

10. A method of producing a ready-to-use i.v. solution of
esmolol hydrochloride, comprising the step of reconstituting
a lyophilized powder consisting of pure esmolol hydrochlo-
ride with an amount of a solvent necessary to obtain a solution
having a concentration of esmolol hydrochloride of 20-100
mg/ml, wherein said solvent is an i.v. solvent devoid of
alcohol or a buffer excipient, thereby producing a ready-to-
use i.v. solution of esmolol.

11. (canceled)

12. A ready-to-use i.v. solution comprising a parenteral
formulation of 20-100 mg/mL pure reconstituted lyophilized
esmolol hydrochloride and water for injection (WFI), devoid
of any alcohol or buffer excipients.

13. (canceled)

14. A kit for preparing the ready-to-use i.v. solution of
claim 12, comprising the following components:

a) a lyophilized powder consisting of pure esmolol hydro-

chloride, and

b) WFI or saline solution.

15. The kit of claim 14, wherein 2500 mg of the powder is
contained in a 50 mL vial.

16. The method of claim 6, wherein the i.v. solution is
administered following an initial infusion of the i.v. solution
at a dose of at least 300 pg/kg/min.

17. The ready-to-use i.v. solution of claim 12, wherein the
1.v. solution is a saline solution.

18. The ready-to-use i.v. solution of claim 12, wherein the
1.v. solution is stored in an infusion device.

19. The kit of claim 14, further comprising an infusion
device suitable for i.v. administration.
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