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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE
- HOSPIRA, INC.,
Plaintiff,
V. Civil Action No. 15-697-RGA
AMNEAL PHARMACEUTICALS LLC,

Defendant.

MEMORANDUM ORDER

" Presently before the Court is the issue of claim construction of multiple terms in U.S.
‘Patent Nos. 8,242,158 (“the ’158-paten ”);_8,338,470 (“the 470 patent™); 8,455,527 (“the *527
patent”); and 8,648,106 (“the ;106 patent”) (collectively “the patents-in-suit”). The Court has
considered the parties’ Joint Claim Construction Brief. (D.L. 44).
“It is a bedrock pﬁnciple of patent law thaf the claims of a patent define the invention to

which the patentee is entitled the right to exclude.” Phillips v. AWH Corp., 415 F.3d 1303, 1312
(Fed. Cir. 2005) (en banc) (internal quotation marks omitteii). “‘[T]here is no magic formula or
catechism for conducting claim construction.” Instead, the court is free to attach the approbriate
weight to appropriate sources ‘in light of the statutes and policies that inform patent law.””
SoftView LLC v. Apple Inc., 2013 WL 4758195, at *1 (D. Del. Sept. 4, 2013) (quoting Phillips,
415 F.3d at 1324). When construing patent claims, a court considers the literal language of the
claim, the patent specification, and the prosecution history. Marknidn v. Westview Instruments,
Inc., 52 F.3d 967, 977-80 (Fed. Cir. 19955 (en banc), aff’d, 517 U.S. 370 (1996). Of these

sources, “the specification is always highly relevant to the claim construction analysis. Usually,
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it is dispositive; it is the single best guide to the meaning of a disputed term.” Phillips, 415 F.3d
at 1315 (intérnal quotation marks and citations omitted).

“[T)he words of a claim are generally given their ordinary and customary meaning. . . .
[Which is] the meé.ning.that the term would have to a person of ordinary skill in the art in
question at the time of the invention, i.e., as of the effective filing date of the patent application.”
Id. at 1312-13 (internal quotation marks and citations omittéd). “[TThe ordinary meéning of a
claim term is its meaning to [an] ordinary artisan after reading the entire patent.” Id. at 1321
(internal quotation marks omitted). “In some cases, the ordinary meaning of claim language as
understood by a person of skill in the art may be readily apparent even to lay judges, and claim
construction in such cases involves littie more than the application of the \&idely accépted
meaning of commonly understood words.” Id. at 1314 (internal citations omitted).

When a court relies solely upon the intrinsic evidence—the patent claims, the

specification, and the prosecution history—the court’s construction is a detérmination of law.
" See Teva Pharms. USA, Inc. v. Sandoz, Inc., 135 S. Ct. 831, 841 (2015).A The court may also
make factual findings based upon consideration of extrinsic evidence, which “consists of all
evidence external to the patent and prosecution history, including experf and inventor testimony,
dictionaries, and learned treatises.” Phillips,_415 F.3d at 1317-19 (internal quotation marks and
citations omitted). Extrinsic evidence may assist the court in understanding the underlying
technology, the meaning of terms to one skilled in the art, and how the invention works. Id.
Extlinsic evidence, however, is less reliable and less useful in claim construction than the patent
and its prosecution history. Id.

“A claim construction is persuasive, not because it follows a certain rule, but because it

defines terms in the context of the whole patent.” Renishaw PLC v. Marposs Societa’ per
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Azioni, 158 F.3d 1243, 1250 (Fed. Cir. 1998). It follows that “a claim interpretation that would
exclude the inventor’s device is rarely the correct interprefation.” Osram GmbH v. Int’l T ;;aa’e
Comm’n, 505 F.3d 1351, 1358 (Fed. Cir. 2007) (internal quotation marks and citation omitted).
The parties agree that the term “effective amount,” found in claim 1 of the *527 patent,
should be construed as “amount sufficient to produce the desired effect.” (D.l. 44 at p. 4). The |
+ Court adopts this construction.
The parties dispute the construction of four terms: (1) “dexmedetomidine;” (2) “no more
than about 2% decrease in the concentration of dexmedetomidine;” (3) “critically ill;” and (4)
“intensive care unit.” (/d.). The Court addresses each term separately.
1. “dexmedetomidine” (all asserted claims)
é. Plaintiff’s proposed construction: “substantially pure, optically active
dextrorotary stereoisomer of medetomidine, as the free base or pharmaceutically

acceptable salt”

b. Defendant’s proposed construction: “substantially pure, optically active
dextrorotary stereoisomer of medetomidine, as the free base”

c. Court’s construction: “substantially pure, optically active dextrorotary
stereoisomer of medetomidine, as the free base or pharmaceutically acceptable
salt” '

The speciﬁcatic;n of eaéh of the patents-in-suit sets forth an explicit deﬁm’tipn for this
term. See, e.g., *158 patent at 3:21-24. "That definition aligns with Plaintiff’s proposed
construcﬁon. “When a patentee explicitly defines a claim term in the patent specification, the
patentee’s definition controls.” Martek Biosciences Corp. v. Nutrinova, Inc., 579 F.3d 1363,
1380 (Fed. Cir. 2009). Thus, here, the inventor’s lexicoéaphy governs. | therefore construe
“dexmedetomidine” to mean “substantially pure, opticélly active dextrorotary stereoisomer of

medetomidine, as the free base or pharmaceutically acceptable salt.”

JA3
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2. “no more than about 2% decrease in the concentration of dexmedetomidine”
(’106 patent, claim 1)

a. Plaintiff’s proposed construction: Plain meaning
b. Defendant’s proposed construction: Indefinite
c. Court’s construction: Plain meaning

A patent must “inform those skilled in the art about the scope of the invention with
reasonable certainfy.” Nautilus, Inc. v. Biosig Instruments, Inc., 134 S. Ct.'2120, 2129 (2014).
Defendant’s ﬁrsf indefiniteness argument depends on its proposed construction of
“dexmedetomiding:.” Since the Court rejected that construction, this argument is also rejected.
Defendant’s second argument focuses-on the word “about.” “When ‘about’ is used as part of a
numeric rangé, . .. [that use] avoids a strict numerical boundary to the specified parameter [and]
[1]ts range must be interpreted in its technologic and stylistic context.”” Cohesive Techs., Inc. v.

* Waters Corp., 543 F.3d 1351, 1368 (Fed. Cir. 2008) (quoting Pall Corp. v. Micron Separations,
Inc., 66 F.3d 1211, 1217 (Fed. Cir. 1995)). The *106 patent’s specification explains that “‘about’
. ... as used herein means within an acceptable errorrange for the particular value as determined
by one of ordinary skill in the art.” *106 patent at 5:31-33. The specification further states that
this “will depend in part on how the value is measured or deténnined, 1.e., the limitations of the
measurement system.” Id. at 5:33-35. In context, a PHOSITA would understand the scope of the
“about” limitation with reasonable certainty. Therefore, Defendant’s indefiniteness argument is
rejected. The term is afforded its plain and ordinary meaning.

3. “critically ilI” (’527 patent, claim 10)

a. Plaintiff’s proposed construction: Plain meaning
b. Defendant’s proposed construction: Indefinite
c. Court’s construction: Plain meaning

4
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“‘[A] patentee need not define his invention with mathematical precision in order to
comply with the definiteness requirement.’” fnterval Licensing LLCv. AOL, Inc., 766 F.3d 1364,
. 1370 (Fed. Cir. 2014) (quoting Invitrogen Corp. v. Biocrest Mfg., L.P.,, 424 F.3d 1374, 1384 (Fed.
Cir. 2005)). The term “critically ill” has a reco gﬁizable meaning to thc;se having skill in the art.
Further, the *527 patent provides examples of medical conditions that may satisfy the “critically
ill” limitation. 527 patent at 10:62-11:1. Therefore, Defendant’s indéﬁniteness argument is
rejected. The term is afforded its plain and ordinary meaning.

4. “intensive care unit” (’527 patent, claim 8)

a.  Plaintiff’s proposed construction: “any setting that provides care to

critically ill patients, typically characterized by high nurse-to-patient ratios,
continuous medical supervision, and intensive monitoring”

b. Defendant’s proposed construction: “any setting that provides intensive
care”
c. Court’s construction: Either “any setting that provides care to critically ill

patients” or “any setting that provides intensive care”

The latter part of Plaintiff’s proposed construction—*“typically characterized by high
nurse-to-patient ratios, continuous medical supervision, and intensive monitoring”—is rejected.
This language finds no support in the intrinsic record. I cannot discern any material distinctién
between “any setting that provides care to critically ill patients” and “any setting that provides
intensive care.” I therefore decline to construe the term further at this time. The parties are

permittéd to bring up any additional arguments pertaining to this term at the pretrial conference.

Entered this ﬁday of May, 2016.

United State g?smct Judge

J.AS
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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION
HOSPIRA, INC.,
Plaintiff,
V. No. 16 C 651
FRESENIUS KABI USA, LLC, Judge Rebecca R. Pallmeyer

Defendants.

MEMORANDUM OPINION AND ORDER

Plaintiff Hospira, Inc., a Delaware corporation with its primary place of business in
lllinois, manufactures pharmaceuticals and medical supplies. At issue in this case is a chemical
compound known as dexmedetomidine, which Hospira sells to health care providers under the
brand name Precedex. Between 2012 and 2014, Hospira obtained four patents covering a new
product made from dexmedetomidine: U.S. Patent Nos. 8,242,158 (the " ‘158 Patent”),
8,338,470 (the “ '470 Patent”), 8,455,527 (the “ ‘527 Patent”), and 8,648,106 (the “ ‘106 Patent”).
(Complaint [1] (*Pl.’'s Compl.”), 3.)

Defendant Fresenius Kabi USA, LLC, is an American subsidiary of a German
pharmaceutical manufacturer which is also registered in Delaware and headquartered in lllinois.
On December 4, 2015, Fresenius Kabi notified Hospira that it had filed an abbreviated new drug
application (“ANDA") with the FDA, seeking approval to market its own proposed
dexmedetomidine products prior to the expiry of Hospira's patents. (Answer to Complaint,
Affirmative Defenses, and Counterclaims [10] (“Def.’s Answer”), I 16.) Hospira filed suit a
month later, alleging patent infringement. (Pl.'s Compl. 8-9.) Fresenius Kabi has denied the
allegations and counterclaimed for a declaration that the four patents at issue are invalid or,
alternatively, that Fresenius Kabi's actions will not infringe. (Def.’s Answer 22.)

The parties have presented competing interpretations of two terms common to all four
patents-in-suit, and of one term unique to the ‘527 Patent. The court’s construction of those

terms follows.

J.AG6
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BACKGROUND

A. The Patented Invention

Dexmedetomidine is a chemical compound known as an alphas-adrenergic agonist.
(‘158 Patent, JA-2, col. 1 Il. 21-24.) In layman’s terms, this means it stimulates certain
receptors in the central nervous system to produce a desired effect. U.S. National Library of
Medicine, Adrenergic Agonists, Medicinal Subject Headings 2018 (last visited Nov. 27, 2017),
https://meshb-prev.nim.nih.gov/record/ui?ui=D000322. Dexmedetomidine is used primarily as a
sedative, though it is also used to treat pain, anxiety, and high blood pressure. (‘158 Patent, JA-
2, col. 1 1l. 21-24.) The compound was originally isolated and patented in 1990 by a Finnish
corporation, which later licensed the sales rights to Hospira's predecessor organization, Abbott
Laboratories. (Fresenius Kabi USA, LLC's Opening Claim Construction Brief [43] (“Def.’s
Opening Br.”, 2, 4.) Plaintiff Hospira has sold dexmedetomidine-based medications under the
Precedex trade name since 1999. (Hospira’s Responsive Claim Construction Brief [47] (“Pl.’s
Resp. Br.”), 1.)

The original Precedex product, known as Precedex Concentrate, is sold in 2-mL glass
vials containing a concentration of 100 micrograms per milliliter (ug/mL) of dexmedetomidine.
(Id.) This concentration is too strong to administer directly to patients. Accordingly, hospital
personnel are required to dilute Precedex Concentrate with a 0.9% sodium chloride solution to a
reach a concentration of just 4 pg/mL before injecting patients with the medication. (Id. at 2; JA-
260 (“Precedex Concentrate Label).) In addition, once diluted, the prepared dexmedetomidine
solution must be used within 24 hours for maximum potency. (Id.)

As Hospira notes, this extra dilution step has obvious drawbacks, including
inconvenience, added cost, and increased safety concerns resulting from possible
contamination or overdose. (Id.) To address these concerns, Hospira developed a new, pre-
diluted dexmedetomidine formulation, which it calls Precedex Premix. (ld. at 3.) It is for this

invention that Hospira filed for and obtained the patents at issue in this case.

JAT
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Hospira summarized its invention as “premixed pharmaceutical compositions of
dexmedetomidine, or a pharmaceutically acceptable salt thereof, that are formulated for
administration to a patient, without the need to reconstitute or dilute the composition prior to
administration.” (‘158 Patent, JA-2, col. 1 Il. 61-65.) While surmounting the shortcomings of its
original, concentrated formulation, Hospira faced several challenges in developing Precedex
Premix: namely, the need to ensure that the product remained stable and potent over a much
longer shelf-life. (Pl.’'s Resp. Br. 2—-3.) After conducting trials with modified chemical formulas,
Hospira identified the packaging as the solution to its problems. (ld.) Specifically, Hospira
asserts, it “discovered that glass packaging exhibited superior stability relative to other
packaging materials” such as plastic infusion bags or pre-filled syringes. (Id.; ‘158 Patent, JA-8,
col. 13 Il. 22-67.) Hospira found further that “developing a sealed system” could ensure shelf-
life stability and product sterility. (Pl’'s Resp. Br. 3.) On this front, Hospira “tested several
closure systems for integrity without success before finding a stopper that was compatible with
the glass container[.]” (Id.)

The ‘158, ‘470, and ‘106 Patents all cover the same basic subject matter—the
medication itself—and share a title: “Dexmedetomidine Premix Formulation.” (See, e.g., ‘158
Patent, JA-1.) The final, ‘527 Patent addresses “Methods of Treatment using a
Dexmedetomidine Premix Formulation.” (‘527 Patent, JA-29.) All the patents share a common
specification. The core of the invention, Hospira states, is “a ‘ready to use’ dexmedetomidine

formulation in a ‘sealed glass container.” (Pl.'s Resp. Br. 3.)

J.A8
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B. The Disputed Claim Terms

The parties contest three claim terms: “ready to use,” “sealed glass container,” and
“intensive care unit.” The first two of these terms are present in every asserted claim throughout
all four patents, while the third relates to just one claim in the ‘527 Patent.

The ‘158 Patent is representative of the manner in which the terms “ready to use” and

“sealed glass container” are used in all four patents.® It claims:

1. A ready to use liquid pharmaceutical composition for parenteral
administration to a subject, comprising dexmedetomidine or a
pharmaceutically acceptable salt thereof at a concentration of about 4
Mg/mL disposed within a sealed glass container.

2. The ready to use liquid pharmaceutical composition of claim 1, further

comprising sodium chloride at a concentration of between about 0.01 and
about 2.0 weight percent.

3. The ready to use liquid pharmaceutical composition of claim 2, wherein
the sodium chloride is present at a concentration of about 0.9 weight
percent.

4, The ready to use liquid pharmaceutical composition of claim 1, wherein

the composition is formulated as a total volume selected from the group
consisting of 20 mL, 50 mL and 100 mL.

(‘158 Patent, JA-14, col. 26 Il. 4-18) (emphasis added).

The ‘527 Method Patent contains 15 claims covering various concentrations, delivery
methods, and settings in which the premixed dexmedetomidine formulation may be
administered. (‘527 Patent, JA-42, col. 25 |. 24—col. 26 |. 31.) Claim 8 contains the disputed
term:

1. A method of providing sedation to a patient in need thereof, the method
comprising administering to the patient an effective amount of a
composition, wherein the composition comprises dexmedetomidine or a
pharmaceutically acceptable salt thereof at a concentration of about
0.005 to about 50 ug/mL, wherein the composition is a ready to use liquid
pharmaceutical composition for parenteral administration to the patient
disposed within a sealed glass container.

8. The method of claim 1, wherein the composition is administered to the
patient in an intensive care unit.

! The parties agree on this point, and cite to the first-filed ‘158 Patent in the Joint

Appendix when discussing these two terms throughout their briefs. (See Def.’s Opening Br. 4

n.3.)

JA9
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(Id. at col. 25 1I. 25-32, col. 26 Il. 16-17) (emphasis added).
C. Prosecution History

The inventors filed the four patent applications between January 4, 2012, and April 22,
2013. (‘158 Patent, JA-1; ‘106 Patent, JA-43.) The Patent Office issued the patents between
August 14, 2012, and February 11, 2014, in the order in which they were filed. (Id.) The
prosecution history of the first-filed ‘158 Patent reflects the history of the family of patents as a
whole.

In the original application, the independent claim of the ‘158 Patent read:

1. A pharmaceutical composition comprising dexmedetomidine or a
pharmaceutically acceptable salt thereof at a concentration of about 4
pMg/mL, wherein the composition is formulated as a liquid for parenteral
administration to a subject, and wherein the composition is disposed with
a sealed container as a premixture.

(JA-175.) The phrase “ready to use” and word “glass” to describe the sealed container were not
yet present. The Patent Office rejected all four claims as anticipated or made obvious by the
prior art: in this case, the label that appears on the Precedex Concentrate product. (Id. at 286.)
The examiner's comments explained that the Precedex Concentrate label “teaches that the
dexmedetomidine HCL formulation must be diluted in 0.9% sodium chloride solution prior to
administration” and “provides instructions for dilution.” (Id.) (emphasis in original). Notably, the
label disclosed that Precedex Concentrate was sold in “clear glass vials and . . . ampules.” (Id.
at 261.) The examiner further stated in regards to the claimed “sealed container” that, given the
choice between diluting the solution in a sealed versus unsealed container, “[t|he artisan would
clearly immediately envisage the mixing of the formulation in a sealed container in order to
maintain the sterility of the composition for parenteral administration.” (ld. at 287.)

In response, the inventors amended the claim to read “wherein the composition is

disposed within a sealed glass container as a ready to use premixture.” (JA-298) (emphasis in

original). In support of these amendments, the record states:

J.A10
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[Hospira] noted that the claims are directed to a composition comprising 4 pg/mL
dexmedetomidine that is a premixture, which does not require dilution prior to
administration to a subject. The claimed composition differs from the formulation
described by the cited reference, which requires dilution to a concentration of 4

pHg/mL dexmedetomidine prior to administration to a patient. As such, [Hospira]

maintained that unlike the claimed compaosition, the formulation disclosed by the

cited reference is not a ready to use premixture.

(Id. at 299.) As for the modification of “sealed container” to “sealed glass container,” Hospira
successfully argued that the prior art did not meet the legal standard for inherent anticipation
because the examiner’'s conclusion was based on the “mere probability that the skilled artisan
would prepare the dilution in a sealed glass container and not in an unsealed container” made
of another substance. (Id. at 301-02.) Anticipation “may not be established by probabilities or
possibilities,” (Id. at 301 (citing In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999)), and
Hospira distinguished Precedex Premix as being “necessarily disposed with a sealed glass
container.” (Id. at 302) (emphasis in original).

Hospira further argued that a “sealed glass container” was not obvious in the light of the
prior art because a skilled artisan would likely prepare a solution for intravenous delivery to a
patient in a plastic infusion bag rather than a sealed glass container. (Id. at 303.) While
Precedex Concentrate was sold in glass vials, it was not diluted in those same containers.
Hospira also presented evidence that distributing Precedex Premix in sealed glass containers
exhibited superior potency over a longer shelf life than alternative vessels. (ld.) The PTO
accepted these arguments as “effective to overcome the previous rejection” for inherent
anticipation and obviousness. (JA-421.)

The ‘158 Patent reached its final form on March 30, 2012, through an amendment
requested by the examiner and authorized by the inventors. (Id. at 420.) The amendment
maintained the inventors’ addition of “ready to use” and “glass” to the claims, but rearranged the
sentence for grammar and syntax to read:

1. A ready to use liquid pharmaceutical composition for parenteral

administration to a subject, comprising dexmedetomidine or a

pharmaceutically acceptable salt thereof at a concentration of about 4
Mg/mL disposed within a sealed glass container.

J.A11
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(Id.; '158 Patent, JA-14, col. 26 ll. 4-8.) The remaining patents underwent a similar process of
rejection and modification before being approved by the PTO. (See, e.g., JA-757—66; JA-843—
65) (discussing the term “sealed glass container” in the context of the ‘470 Patent).
DISCUSSION

A. Legal Standards Governing Claim Construction

The claims of a patent define the scope of the invention to which the patentee may
exercise his right of exclusivity. Phillips v. AWH Corp., 415 F.3d 1303, 1312 (Fed. Cir. 2005).
Where a claim’s meaning is disputed, the court must determine its proper construction as a
matter of law. Markman v. Westview Instruments, Inc., 517 U.S. 370, 391 (1996). Claim
construction is an objective exercise, and courts should generally give claim terms the ordinary
and customary meaning they would have “to a person of ordinary skill in the art at the time of
the invention.” Phillips, 415 F.3d at 1313. Claim construction often “involves little more than the
application of the widely accepted meaning of commonly understood words.” Id. at 1314 (“In
such circumstances, general purpose dictionaries may be helpful.”). Importantly, however,
judges must always read claims “in the context of the entire patent.” Id. at 1313.

The Federal Circuit instructed in Phillips that if the meaning of a disputed claim term is
not readily apparent, the court should first turn to sources of evidence intrinsic to the patent. 415
F.3d at 1314-19. Foremost among these intrinsic sources is the patent’s specification, which
must include a “full, clear, concise, and exact” description of the claimed invention as the
inventor saw it. Id. at 1316 (quoting 35 U.S.C. § 112). If the specification defines or gives
consistent meaning to certain terms, “the inventor’s lexicography governs.” Id. The same rule
applies if an inventor explicitly limits the scope of a term in the specification. Id. If the
specification merely provides examples or preferred embodiments of an invention, however,
Phillips warns courts not to confine the patent’s claims to those embodiments. Id. at 1323; see
also Absolute Software, Inc. v. Stealth Signal, Inc., 659 F.3d 1121, 1136 (Fed. Cir. 2011)

(declining to limit a claim “where the references to a certain limitation as being the ‘invention’ are

J.A12
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not uniform, or where other portions of the intrinsic evidence do not support applying the
limitation to the entire patent.”).

In addition to the specification, the court may look to the patent’'s prosecution history as
further evidence of how the inventor and the Patent Office understood the invention. Id. at
1317. The court must be mindful, however, that the prosecution history represents an ongoing
discussion, and may be less clear than the specification “and thus less useful for claim
construction purposes.” Id. Finally, while consulting the intrinsic evidence will resolve
ambiguities in most situations, courts must sometimes go beyond the contents of the patent
itself and consider extrinsic evidence—such as technical dictionaries, treatises, or expert
testimony—to aid in claim construction. Id. Though the Federal Circuit in Phillips outlined
several reasons why extrinsic evidence is less reliable than intrinsic evidence, it declined to
exclude such evidence provided it is not used to contradict claim language made clear by
intrinsic evidence. Id. at 1318-19, 1324; see also Vitronics Corp. v. Conceptronic, Inc., 90 F.3d
1576, 1582 (Fed. Cir. 1996).

With these standards of construction in mind, the court turns to the disputed claim

language.

B. “ready to use” (all asserted claims)

Claim Term Plaintiff Hospira’s Proposed Defendant Fresenius Kabi’'s
Construction Proposed Construction

“ready to use” “formulated to be suitable for administration | “suitable for administration to a
to a patient upon manufacture without patient without requiring
dilution or reconstitution” dilution”

The ‘158 Patent defines the term “ready to use” as an embodiment of the invention
“formulated as ‘ready to use’ compositions which refer to premixed compositions that are
suitable for administration to a patient without dilution.” (‘158 Patent, JA-3, col. 3 Il. 57-59.)
The specification previously defines a “premix” or “premixture” as “a pharmaceutical formulation

that does not require reconstitution or dilution prior to administration to a patient.” (ld. at Il. 48—
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50.) Such compositions, the specification continues, do not require dilution by “a clinician,
hospital personnel, caretaker, patient, or any other individual.” (Id. at Il. 53-55.) Here, the
inventor has clearly acted as his own lexicographer. See Philips, 415 F.3d at 1316. As such,
Hospira’'s proposed construction more accurately describes the scope of the term “ready to
use.”

Fresenius Kabi contends that its proposed construction appropriately describes the
“distinguishing characteristic’ of “ready to use’—namely, “the ability to administer the
compositions without further dilution.” (Def.’s Opening Br. 13.) That construction, however,
relies on an incomplete quotation of the patent’s definition and cuts out the phrases “formulated
and “premixed compositions.” Viewing the term “ready to use” in the light of the patent's
complete definition confirms that the term should be read as “ready to use” in its original formula
or design, not merely “ready to use” whenever no further dilution step is required. See also
Formula, Formulate, MERRIAM-WEBSTER COLLEGIATE DICTIONARY (10th ed. 1997). Fresenius
Kabi contends that relying on the term “premixed” to define “ready to use” is improper; as the
terms are not used interchangeably, Fresenius Kabi insists they must mean different things.
(Fresenius Kabi USA, LLC’s Reply Claim Construction Brief [60] (“Def.’s Reply Br.”), 5-6) (citing
Nystrom v. TREX Co., 424 F.3d 1136, 1143 (Fed. Cir. 2005)). But “ready to use” compositions
can fairly be understood to be a subset of “premixed” compositions—which the specification
clearly states are “formulations” that do not require dilution by anyone, at any time. (‘158
Patent, JA-3, col. 3 Il. 49-55.) A “ready to use” composition must thus also be “premixed” and
incorporate any additional meaning the parent term bears.

The most straightforward reading of the term necessarily implies that the composition is
“ready to use” from the moment it leaves Hospira’s possession. Fresenius Kabi contends this is
an improper “attempt to impute a temporal limitation” onto the term. (Def.’s Reply Br. 3.)
Assuming such a temporal limitation is appropriate at all, Fresenius Kabi asserts, the temporal

limitation on “ready to use” more appropriately dates to the moment the dexmedetomidine is
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removed from the sealed glass container, not to “the specific point of manufacture.” (Id. at 4.)
Thus, “the focus is not on whether the composition had ever been diluted, but whether it
requires a dilution step before administration.” (Def.’s Opening Br. 13.) The court disagrees.
The Defendant’s definition is overbroad, and would cover any dexmedetomidine formulation that
had been diluted at any point in the past. (Pl.'s Resp. Br. 7.) The specification does not support
such a reading.

Fresenius Kabi cites to the prosecution history to bolster its reading, highlighting
passages where Hospira distinguished the Precedex Concentrate prior art as “[u]nlike the
claimed composition that is formulated at a concentration which is ready for administration to a
patient upon removal from the sealed glass container.” (Def.’s Opening Br. 13) (quoting JA-97—
98) (emphasis in original). In this passage again, however, Fresenius Kabi's proposed
construction ignores all language stressing that the medication is “formulated” as such.
Throughout the patents-in-suit, the inventors stress that the core distinction between Precedex
Concentrate and Precedex Premix is that the formulas are different. Any person of ordinary skill
in the art (“POSITA”") would have to incorporate that distinction in understanding the patents’
scope.

Fresenius Kabi also asserts that Hospira is impermissibly trying to “convert its
composition claims into product-by-process or method claims.” (Def.’s Reply Br. 2) (citing
Vanguard Prods. Corp. v. Parker Hannifin Corp., 234 F.3d 1370, 1372 (Fed. Cir. 2001)). As
Fresenius Kabi reads Hospira’s proposed claim construction, Hospira is attempting to redefine
its claims to cover “how a composition is made” rather than “what the composition is.” (Id.)
Again, the court disagrees: recognizing the necessary temporal limitations that define the
claimed product is not the same as imposing process restrictions on the claims. Fresenius
Kabi's position suggests that any “do-it-yourself” product can be transformed into a “ready to
use” product after the customer has put it together on his own. This is an untenable conclusion.

If a consumer buys a flat-pack bookcase at IKEA, it will never be a “pre-built” bookcase. Some
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assembly—even if not done by the consumer himself—will always be required. A bookcase,
like a premixed dexmedetomidine formulation, is either “ready to use” from the outset, or not at
all. Any POSITA handling a product described as “ready to use” would recognize that it requires
no further manipulation by anyone. Fresenius Kabi itself recognized as much when it stated
“[tlhe appropriate question for infringement is whether the accused infringer sells a product that
does not require further dilution.” (Def.’s Reply Br. 4.)

Hospira is correct that “ready to use” includes a temporal component, but this court
nevertheless declines to adopt Hospira’s construction wholesale. The record bears no support
for Hospira’'s attempt to insert the term “upon manufacture.” The specification’s summary
section states that “[t]he present invention relates to premixed pharmaceutical compositions of
dexmedetomidine, or a pharmaceutically acceptable salt thereof, that are formulated for
administration to a patient, without the need to reconstitute or dilute.” (‘158 Patent, JA-2, col. 1
Il. 61-64.) As stated above, the definitions section describes “ready to use” compositions in the
same manner: calling them “formulations” and “premixed compositions” may imply that the
compositions are ready for use “upon manufacture,” but such a phrase is not part of the claim.
(Id. at col. 3 1I. 57-59.)

Indeed, the parties’ efforts to draw a line between the moment of manufacture and the
moment of dispensing may well be academic: if the glass container is “sealed,” the contents of
that container are likely “ready to use” when the seal is placed during manufacturing. The
patents-in-suit do not anticipate any additional intermediate steps between making and bottling
the premixed dexmedetomidine. In most cases, therefore, the parties’ constructions overlap.
To the extent Defendant suggests that the dexmedetomidine composition may be diluted by
anyone else at some point before administration, the court rejects that construction. Likewise,
pinpointing the precise moment of readiness to be “upon manufacturing” is unnecessary and

overly specific. That is simply not what the claims refer to.
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Accordingly, this court adopts the following construction: “formulated to be suitable for

administration to a patient without dilution or reconstitution.”

C. “sealed glass container” (all asserted claims)

Claim Term Plaintiff Hospira's Proposed Defendant Fresenius Kabi’'s
Construction Proposed Construction

“sealed glass “glass container closed to maintain the “closed tightly to prevent

container” sterility by having a seal or another closure | unwanted materials entering or
that passes closure integrity testing” exiting the glass container”

The parties do not dispute the meanings of “glass” or “container.” Instead, they propose
different interpretations of what it means for a glass container to be “sealed.” Notably, the
specification does not define the term “sealed glass container.” The only detailed reference to
the subject matter states:

In certain non-limiting embodiments, the premixed dexmedetomidine composition

of the present invention is disposed in a container or vessel that can maintain the

sterility of, or prevent the contamination of, a premixed dexmedetomidine

composition that is purified or substantially free of any contaminants. In certain
non-limiting embodiments, the container or vessel is a sealed container or
vessel.
(‘158 Patent, JA-6, col. 9 Il. 1-7.) In addition, the specification details at length the process by
which Hospira developed the “sealed glass container” by experimenting with different container
types and closures.

Hospira seeks to supplant the common-place meaning of “sealed” with a lengthy set of
standards referencing the need to maintain sterility and pass FDA-recommended closure-
integrity tests. (Pl.’s Resp. Br. 8-9.) This level of detail is unnecessary. For one, whether a
container is “sterile” is a separate question from whether it is “sealed.” It is just as possible for a
sealed container to be keeping contaminants in rather than out. The specification clarifies that a
sterile container and a sealed container are not used interchangeably. (See ‘158 Patent, JA-6,

col. 9 Il. 1-7) (describing a sterile container and a sealed container as separate non-limiting

embodiments of the invention). Furthermore, maintaining sterility is not the only purpose of
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sealing the container—Example 6 describes additional aims of potency and stability. (‘158
Patent, JA-12, col. 21 Il. 18-44.) The specification does not suggest that one of these goals
must be elevated to define the term “sealed” while the others should not. Finally, inserting the
phrase “to maintain the sterility"—or any other language suggesting the purpose of the seal—
would be redundant. The act of sealing a container already implies that the contents will remain
untouched until the seal is broken. The additional language Hospira proposes adds nothing to a
POSITA’s ability to understand the commonplace word “sealed.”

The latter half of Hospira’s proposed construction, “by having a seal or another closure
that passes closure integrity testing,” is similarly unsupported by the specification. Hospira
criticizes Fresenius Kabi's construction as “raising more questions than it answers,” but in
advocating for this court to incorporate the entire body of FDA closure integrity standards by
reference, Hospira is guilty of the same transgression. (Pl’s Resp. Br. 9.) As noted by
Fresenius Kabi: “[a]dding all the extra terminology that Hospira asks to add would mean not only
collecting material wholesale from third party extrinsic sources, but then would require another
round of claim construction briefing to understand what that new terminology would actually
require.” (Def.’s Reply Br. 7.) While Hospira may prefer the incorporation of its preferred
embodiment—a glass container sealed using a “Helvoet FM 259/0 OmniflexPlus fluoropolymer
coated stopper’—the specification cannot be read to mean that such a stopper is the only
means of sealing the glass container. (See ‘158 Patent, JA-12, col. 21 Il. 1-2.) Nor was that
the view of the named inventor or of Hospira’s own corporate witness, both of whom confirmed
that “a sealed glass container refers to a container that is closed sufficiently [ ] to maintain the
integrity of the . .. solution inside the glass bottle.” (Dep. of Robert Cedergren, Ex. 1 to Def.’s
Reply Br., 194:3-7; Dep. of Rao Tata-Venkata, Ex. 2 to Def.’s Reply Br., 41:9-12.) Hospira’s

corporate witness, Dr. Rao Tata-Venkata, went further; he pointed out that “sealed’ is a very

general term,” and observed that, in his experience, “sealed” means “closed with a closure.”
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(Dep. of Rao Tata-Venkata 41:2-8.) This intrinsic evidence, and the use of the general term
“sealed,” signals that the patents’ claims were intended to sweep broadly.

Fresenius Kabi's proposed construction is closer to the mark, but is arguably too
imprecise. This court agrees with Plaintiff Hospira that “sealed” means something beyond
“covered” or “closed,” and even beyond the Defendant's proposed meaning “closed tightly.”
(Pl's Resp. Br. 9) (emphasis added). In common usage, the Defendant's proposal is not
incorrect, but in the context of a prescription drug patent a POSITA would read the word
“sealed” to suggest something more secure and permanent than just “tightly closed.” Thus, in a
patent infringement case from the District of Delaware regarding an anti-tumor medication, the
court addressed the term “sealed container” and concluded that “[t]he ordinary meaning of the
term ‘sealed’ is different from, and encompasses something more than, the ordinary meaning of
the term ‘closed.” Pharmacia & Upjohn Co. v. Sicor & Sicor Pharm., Inc., 447 F. Supp. 2d 363,
373 (D. Del. 2006)

A standard dictionary definition of a “seal” is “a tight and perfect closure (as against the
passage of gas or water).” Seal, MERRIAM-WEBSTER COLLEGIATE DICTIONARY (10th ed. 1997).
The verb “to seal” means either “to fasten with or as if with a seal to prevent tampering,” or “to
close or make secure against access, leakage, or passage by a fastening or coating.” Id.
Despite Hospira's assertions that a “sealed” container requires rigorous closure testing, the
concept is not a complicated one. The court concludes no construction of this term is required.
That said, the court does not understand the term “sealed” as broad enough to include
containers that are merely “closed” as a person might close a desk drawer or a book. If the
court were to adopt a construction of the term, it would adopt Fresenius Kabi's proposal, as it

more accurately reflects the broad scope of the chosen claim language.
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D. “intensive care unit” (‘527 Patent, claim 8)

Claim Term Plaintiff Hospira's Proposed Defendant Fresenius Kabi’'s
Construction Proposed Construction

“intensive care | “any setting that provides care to critically ill | “any setting that provides care

unit” patients, typically characterized by high to critically ill patients” OR “any
nurse-to-patient ratios, continuous setting that provides intensive
supervision, and intensive monitoring” care”

Defendant Fresenius Kabi's proposed construction relies of this term relies on the recent
findings of Delaware District Court Judge Andrews in a parallel case, Hospira Inc. v. Amneal
Pharm. LLC, No. 15-cv-697-RGA, 2016 WL 3021719 (D. Del. May 25, 2016). That case
featured the same plaintiff seeking to enforce the same four patents at issue in this case. Id. at
*1. Hospira pushed for the same construction of “intensive care unit” there as here: “any setting
that provides care to critically ill patients, typically characterized by high nurse-to-patient ratios,
continuous supervision, and intensive monitoring.” Judge Andrews declined to adopt Hospira’'s
construction, stating:

The latter part of Plaintiff's proposed construction—"typically characterized by

high nurse-to-patient ratios, continuous medical supervision, and intensive

monitoring”—is rejected. This language finds no support in the intrinsic record. |

cannot discern any material distinction between “any setting that provides care to
critically ill patients” and “any setting that provides intensive care.” | therefore
decline to construe the term further at this time.

Id. at *3.

Fresenius Kabi urges this court to defer to Judge Andrews’ findings. (Def.’s Opening Br.
18-19.) The doctrine of issue preclusion likely does not apply in this situation as the parallel
litigation has not reached a final judgment on the merits. Kollmorgen Corp. v. Yaskawa Elec.
Corp., 147 F. Supp. 2d 464, 469 (W.D. Vir. 2001) (“[J]udicial statements regarding the scope of
patent claims are entitled to collateral estoppel effect in a subsequent infringement suit only to
the extent that determination of scope was essential to a final judgment on the question of

validity or infringement.”) (quoting A.B. Dick v. Burroughs Corp., 713 F.2d 700, 704 (Fed. Cir.

1983)); but see TM Patents, L.P. v. IBM Corp., 72 F. Supp. 2d 370, 379 (S.D.N.Y. 1999)
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(holding that a prior construction opinion was a sufficiently final judgment to warrant issue
preclusion even where the proceedings never reached a final judgment on the merits).
Nevertheless, courts “would be remiss to overlook another district court’s construction of the
same claim terms in the same patent” given the importance of uniform treatment of patents.
Finisar Corp. v. DirecTV Group, Inc., 523 F.3d 1323, 1329 (Fed. Cir. 2008) (citing Markman,
517 U.S. at 390).

This court finds Judge Andrews’ reasoning persuasive and would reach the same
conclusion even without his guidance, as there appears to be no support in the intrinsic record
for the additional elements Hospira requests. In fact, the specification of the ‘627 Patent
militates against Hospira’s proposal. The only reference to “intensive care unit” in the ‘527
Patent states that the term “as used herein refers to any setting that provides intensive care, as
described, for example, in U.S. Pat. No. 6,716,867.” (‘527 Patent, JA-34, col. 10 Il. 33-35.) The
patent referenced, No. 6,716,867, is the method of administration patent for the original
concentrated dexmedetomidine formulation and analogous to the present ‘527 Patent. (‘867
Patent, Ex. G to Def.’s Opening Br. [43-2].) The text of the ‘867 Patent, though cross-
referenced in the ‘527 Patent, adds nothing to that definition—the ‘867 Patent simply repeating
that “an intensive care unit includes any setting that provides intensive care.” (ld. at col. 1 Il
18-19.) The specification is clear. Intensive care units, in the context of the patents-in-suit,
refer to any setting where such care is provided, not merely those additionally “characterized by
high nurse-to-patient ratios, continuous supervision, and intensive monitoring.”

Hospira’'s proposed construction generates additional confusion. Hospira has not
explained what nurse-to-patient ratios qualify as “high” or what “intensive” monitoring entails.
These sorts of threshold judgments are not necessary as no POSITA would think the term
requires that level of detailed inquiry. True, most intensive care units are likely to reflect the
criteria Hospira recites, but even the medical dictionaries cited by Hospira identify these as

typical features of intensive care units, not limitations. (See Pl.’s Resp. Br. 12.) There is no
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evidence in the intrinsic record to suggest that nurse-to-patient ratios, continuous supervision,
and intensive monitoring should be considered.

The term “intensive care unit” is largely self-explanatory. At the most basic level, it is
merely whatever location a given hospital designates as the “intensive care unit.” The
specification asserts, and the parties agree in their proposed construction, however, that the
term as used in the patent goes further: to any setting, regardless of title, where intensive care
is provided. As the parties also recognize, “intensive care” involves patients who are seriously
or “critically” ill. See also Intensive Care, MERRIAM-WEBSTER COLLEGIATE DICTIONARY (10th ed.
1997). Accordingly, the court adopts the Defendant’s construction of “intensive care unit” as
meaning either “any setting that provides care to critically ill patients” or “any setting that
provides intensive care.”

CONCLUSION

The claim terms in the ‘158 Patent, ‘470 Patent, ‘527 Patent, and ‘106 Patent are

construed as follows:

Claim Term Construction

“ready to use” formulated to be suitable for administration to a patient
without dilution or reconstitution

“sealed glass container” no construction required

“intensive care unit” any setting that provides care to critically ill patients OR any
setting that provides intensive care

ENTER:

Dated: November 27, 2017

REBECCA R. PALLMEYER
United States District Judge
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1
METHODS OF TREATMENT USING A
DEXMEDETOMIDINE PREMIX
FORMULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority
under35U.S.C. §120to U.S. Ser. No. 13/541,524 filed Jul. 3,
2012, which is a continuation of U.S. Ser. No. 13/343,672
filed Jan. 4, 2012, now U.S. Pat. No. 8,242,158, the contents
of'each of which are hereby incorporated by reference in their
entireties, and to each of which priority is claimed.

1. FIELD OF THE INVENTION

The present invention relates to patient-ready, premixed
formulations of dexmedetomidine, or a pharmaceutically
acceptable salt thereof, that can be used, for example, in
perioperative care of a patient or for sedation.

2. BACKGROUND OF THE INVENTION

Racemic 4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole,
which is known under the name medetomidine, is a selective
and potent a,-adrenoceptor agonist. Medetomidine has been
used as an antihypertensive agent and as a sedative-analgesic
agent. It has further been observed that this compound also
possesses anxiolytic effects and can therefore be used in the
treatment of general anxiety, panic disorder and various types
of withdrawal symptoms.

The d-enantiomer of medetomidine, the generic name of
which is dexmedetomidine, is described in U.S. Pat. No.
4,910,214 as an o,-adrenoceptor agonist for general seda-
tion/analgesia and the treatment of hypertension or anxiety.
U.S. Pat. Nos. 5,344,840 and 5,091,402 discuss dexmedeto-
midine in perioperative and epidural use, respectively. For
example, when used in perioperative care, dexmedetomidine
can reduce the amount of anesthetic necessary to anesthetize
a patient. Additionally, U.S. Pat. No. 5,304,569 discusses the
use of dexmedetomidine in treating glaucoma, and U.S. Pat.
No. 5,712,301 discusses the use of dexmedetomidine for
preventing neurodegeneration caused by ethanol consump-
tion. Furthermore, U.S. Pat. No. 6,716,867 discloses methods
of'sedating a patient while in an intensive care unit by admin-
istering dexmedetomidine, or a pharmaceutically acceptable
salt thereof, to the patient.

Dexmedetomidine can be administered to a patient in a
variety of ways. For example, U.S. Pat. Nos. 4,544,664 and
4,910,214 disclose the administration of dexmedetomidine
via parenteral, intravenous, and oral routes. U.S. Pat. No.
4,670,455 describes intramuscular and intravenous adminis-
tration, while U.S. Pat. Nos. 5,124,157 and 5,217,718
describe a method and device for administering dexmedeto-
midine through the skin. Additionally, U.S. Pat. No. 5,712,
301 states that dexmedetomidine can be administered trans-
mucosally.

To date, dexmedetomidine has been provided as a concen-
trate that must be diluted prior to administration to a patient.
The requirement of a dilution step in the preparation of the
dexmedetomidine formulation is associated with additional
costs and inconvenience, as well as the risk of possible con-
tamination or overdose due to human error. Thus, a dexme-
detomidine formulation that avoids the expense, inconve-
nience, delay and risk of contamination or overdose would
provide significant advantages over currently available con-
centrated formulations.
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2
3. SUMMARY OF THE INVENTION

The present invention relates to premixed pharmaceutical
compositions of dexmedetomidine, or a pharmaceutically
acceptable salt thereof, that are formulated for administration
to a patient, without the need to reconstitute or dilute the
composition prior to administration. Thus, the compositions
of the present invention are formulated as a premixed com-
position comprising dexmedetomidine.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition is a liquid comprising dexme-
detomidine, or a pharmaceutically acceptable salt thereof, at
a concentration of between about 0.05 pg/ml. and about 15
pg/mL.

In other non-limiting embodiments, the premixed dexme-
detomidine composition is a liquid comprising dexmedeto-
midine at a concentration of about 4 pg/mlL.

In other non-limiting embodiments, the premixed dexme-
detomidine composition comprises dexmedetomidine mixed
or dissolved in a soedium chloride saline solution.

In certain embodiments, the premixed dexmedetomidine
composition is disposed within a sealed container or vessel.

In certain embodiments, the dexmedetomidine composi-
tion is disposed in a container or vessel and is formulated as
a premixture.

In certain embodiments, the premixed dexmedetomidine
composition is disposed within a sealed container as a total
volume of about 20 mL, 50 mL or 100 mL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention com-
prises dexmedetomidine, or a pharmaceutically acceptable
salt thereof, at a concentration of between about 0.05 pg/ml.
and about 15 pg/ml., and sodium chloride at a concentration
of between about 0.01 and about 2.0 weight percent.

In other non-limiting embodiments, the premixed dexme-
detomidine composition of the present invention comprises
dexmedetomidine, or a pharmaceutically acceptable salt
thereof, at a concentration of about 4 pg/ml. and sodium
chloride at a concentration of about 0.90 weight percent.

In certain embodiments, the compositions of the present
invention are formulated as a pharmaceutical composition for
administration to a subject for sedation, analgesia or treat-
ment of anxiety or hypertension.

The present invention also relates to the perioperative treat-
ment of a patient to reduce the response of the autonomic
nervous system to stimuli during an operation by administer-
ing a dexmedetomidine composition of the invention.

In other non-limiting embodiments, the dexmedetomidine
compositions of the present invention can be administered as
an anxiolytic analgesic to a patient. In certain embodiments,
the composition can be administered as a premedication prior
to an operation with or without administration of an amount
of'an anesthetic effective to achieve a desired level of local or
general anesthesia.

In other non-limiting embodiments, the dexmedetomidine
compositions of the present invention can be administered as
asedative. In certain embodiments, the composition is admin-
istered preoperatively to potentiate the effect of an anesthetic,
wherein administration of the composition reduces the
amount of anesthetic required to achieve a desired level of
anesthesia.

In certain embodiments of the present invention, the pre-
mixed dexmedetomidine composition is administered
parenterally as a liquid, orally, transdermally, intravenously,
intramuscularly, subcutaneously, or via an implantable pump.

4. DETAILED DESCRIPTION

The present invention is based in part on the discovery that
dexmedetomidine prepared in a premixed formulation that
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does not require reconstitution or dilution prior to adminis-
tration to a patient, remains stable and active after prolonged
storage. Such premixed formulations therefore avoid the cost,
inconvenience, and risk of contamination or overdose that can
be associated with reconstituting or diluting a concentrated
dexmedetomidine formulation prior to administration to a
patient.

For clarity and not by way of limitation, this detailed
description is divided into the following sub-portions:

(4.1) Definitions;

(4.2) Pharmaceutical formulations; and

(4.3) Methods of using premixed dexmedetomidine com-
positions.

4.1 Definitions

The terms used in this specification generally have their
ordinary meanings in the art, within the context of this inven-
tion and in the specific context where each term is used.
Certain terms are discussed below, or elsewhere in the speci-
fication, to provide additional guidance to the practitioner in
describing the compositions and methods of the invention and
how to make and use them.

According to the present invention, the term “dexmedeto-
midine” as used herein refers to a substantially pure, optically
active dextrorotary stereoisomer of medetomidine, as the free
base or pharmaceutically acceptable salt. In one, non-limiting
embodiment, dexmedetomidine has the formula (S)-4-[1,2,
3-dimethylphenyl)ethyl]-3H-imidazole. A pharmaceutically
acceptable salt of dexmedetomidine can include inorganic
acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid and the like, and organic
acids such as acetic acid, propionic acid, glycolic acid, pyru-
vic acid, oxalic acid, malic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic
acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid, and salicylic
acid. Preferably, the dexmedetomidine salt is dexmedetomi-
dine HCI. In other non-limiting embodiments, dexmedetomi-
dine comprises the structure depicted below in Formula I:

Formula I

CH; CH

N CH;

{ ]

N
H

The terms “premix” or “premixture” as used herein refers
to a pharmaceutical formulation that does not require recon-
stitution or dilution prior to administration to a patient. For
example, in contrast to non-premixed formulations of dexme-
detomidine, the premixed compositions provided herein are
suitable for administration to a patient without dilution by, for
example, a clinician, hospital personnel, caretaker, patient or
any other individual.

In certain embodiments, the compositions of the present
invention can be formulated as “ready to use” compositions
which refer to premixed compositions that are suitable for
administration to a patient without dilution. For example, in
certain embodiments, the compositions of the present inven-
tion are “ready to use” upon removing the compositions from
a sealed container or vessel.

In certain embodiments, the compositions of the present
invention can be formulated as a “single use dosage,” which

10

15

20

25

30

35

40

45

50

55

60

65

4

refers to a premixed composition that is disposed within a
sealed container or vessel as a one dose per container or vessel
formulation.

According to the invention, a “subject” or “patient” is a
human, a non-human mammal or a non-human animal.
Although the animal subject is preferably a human, the com-
pounds and compositions of the invention have application in
veterinary medicine as well, e.g., for the treatment of domes-
ticated species such as canine, feline, and various other pets;
farm animal species such as bovine, equine, ovine, caprine,
porcine, etc.; wild animals, e.g., in the wild or in a zoological
garden; and avian species, such as chickens, turkeys, quail,
songbirds, etc.

The term “purified” as used herein refers to material that
has been isolated under conditions that reduce or eliminate
the presence of unrelated materials, i.e., contaminants,
including native materials from which the material is
obtained. As used herein, the term “substantially free” is used
operationally, in the context of analytical testing of the mate-
rial. Preferably, purified material substantially free of con-
taminants is at least 95% pure; more preferably, at least 97%
pure, and more preferably still at least 99% pure. Purity can be
evaluated, for example, by chromatography or any other
methods known in the art. In a specific embodiment, purified
means that the level of contaminants is below a level accept-
able to regulatory authorities for safe administration to a
human or non-human animal.

The term “pharmaceutically acceptable,” when used in
connection with the pharmaceutical compositions of the
invention, refers to molecular entities and compositions that
are physiologically tolerable and do not typically produce
untoward reactions when administered to a human. Prefer-
ably, as used herein, the term “pharmaceutically acceptable”
means approved by a regulatory agency of the Federal or a
state government or listed in the U.S. Pharmacopeia or other
generally recognized pharmacopeia for use in animals, and
more particularly in humans. The term “carrier” refers to a
diluent, adjuvant, excipient, dispersing agent or vehicle with
which the compound is administered. Such pharmaceutical
carriers can be sterile liquids, such as water and oils. For
example, water, aqueous solutions, saline solutions, aqueous
dextrose or glycerol solutions can be employed as carriers,
particularly for injectable solutions. Suitable pharmaceutical
carriers are described in, for example, “Remington’s Phar-
maceutical Sciences” by Philip P. Gerbino, 21st Edition (or
previous editions).

The term “pharmaceutical composition” as used in accor-
dance with the present invention relates to compositions that
can be formulated in any conventional manner using one or
more pharmaceutically acceptable carriers or excipients. A
“pharmaceutically acceptable” carrier or excipient, as used
herein, means approved by a regulatory agency of the Federal
or a state government, or as listed in the U.S. Pharmacopoeia
or other generally recognized pharmacopoeia for use in mam-
mals, and more particularly in humans.

The term “dosage” is intended to encompass a formulation
expressed in terms of pg/kg/day, pg/kg/hr, mg/kg/day or
mg/kg/hr. The dosage is the amount of an ingredient admin-
istered in accordance with a particular dosage regimen. A
“dose” is an amount of an agent administered to a mammal in
aunit volume or mass, e.g., an absolute unit dose expressed in
mg or ug of the agent. The dose depends on the concentration
of the agent in the formulation, e.g., in moles per liter (M),
mass per volume (m/v), or mass per mass (m/m). The two
terms are closely related, as a particular dosage results from
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the regimen of administration of a dose or doses of the for-
mulation. The particular meaning in any case will be apparent
from context.

The terms “therapeutically effective dose,” “effective
amount,” and “therapeutically effective amount” refer to an
amount sufficient to produce the desired effect.

In some non-limiting embodiments, a “therapeutically
effective dose” means an amount sufficient to reduce by at
least about 15%, preferably by at least 50%, more preferably
by at least 90%, and most preferably prevent, a clinically
significant deficit in the activity, function and response of the
host. Alternatively, a therapeutically effective amount is suf-
ficient to cause an improvement in a clinically significant
condition in the host. These parameters will depend on the
severity of the condition being treated, other actions, such as
diet modification, that are implemented, the weight, age, and
sex of the subject, and other criteria, which can be readily
determined according to standard good medical practice by
those of skill in the art.

In other non-limiting embodiments a therapeutic response
may be any response that a user (e.g., a clinician) will recog-
nize as an effective response to the therapy. Thus, a therapeu-
tic response will generally be an induction of a desired effect,
such as, for example, sedation or analgesia.

The term “about” or “approximately” as used herein means
within an acceptable error range for the particular value as
determined by one of ordinary skill in the art, which will
depend in part on how the value is measured or determined,
i.e., the limitations of the measurement system. For example,
“about” can mean within 3 or more than 3 standard devia-
tions, per the practice in the art. Alternatively, “about” can
mean a range of up to 20%, preferably up to 10%, more
preferably up to 5%, and more preferably still up to 1% of a
given value. Alternatively, particularly with respect to bio-
logical systems or processes, the term can mean within an
order of magnitude, preferably within 5-fold, and more pref-
erably within 2-fold, of a value.

2 <

4.2 Pharmaceutical Compositions

The compounds and compositions of the invention may be
formulated as pharmaceutical compositions by admixture
with a pharmaceutically acceptable carrier or excipient. In
certain non-limiting embodiments, the compounds or com-
positions are provided in a therapeutically effective amount to
an animal, such as a mammal, preferably a human, in need of
treatment therewith for inducing a sedative, anxiolytic, anal-
gesic, or anesthetic effect.

In certain non-limiting embodiments, dexmedetomidine is
formulated as a composition, wherein the dexmedetomidine
is the only therapeutically active ingredient present in the
composition. In another non-limiting embodiments, dexme-
detomidine is formulated as a composition, wherein the
dexmedetomidine is formulated in combination with at least
one or more other therapeutically active ingredient. The for-
mulation is preferably suitable for parenteral administration,
including, but not limited to, intravenous, subcutaneous,
intramuscular and intraperitoneal administration; however,
formulations suitable for other routes of administration such
as oral, intranasal, mucosal or transdermal are also contem-
plated.

The pharmaceutical formulations suitable for injectable
use, such as, for example, intravenous, subcutaneous, intra-
muscular and intraperitoneal administration, include sterile
aqueous solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or
dispersion. In all cases, the form can be sterile and can be fluid
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to the extent that easy syringability exists. It can be stable
under the conditions of manufacture and storage and can be
preserved against the contaminating action of microorgan-
isms such as bacteria and fungi. The carrier can be a solvent
or dispersion medium containing, for example, water, saline,
ethanol, polyol (for example, glycerol, propylene glycol, and
polyethylene glycol, and the like), suitable mixtures thereof,
and oils. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of
the required particle size in the case of dispersion and by the
use of surfactants. The preventions of the action of microor-
ganisms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phe-
nol, benzyl alcohol, sorbic acid, and the like.

In many cases, it will be preferable to include isotonic
agents, for example, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought
about by the use in the compositions of agents delaying
absorption, for example, aluminum monosterate and gelatin.
Sterile injectable solutions may be prepared by incorporating
the dexmedetomidine in the required amounts in the appro-
priate solvent with various of the other ingredients enumer-
ated above, as required, followed by filter or terminal steril-
ization. Generally, dispersions are prepared by incorporating
the various sterilized active ingredients into a sterile vehicle
which contains the basic dispersion medium and the required
other ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable solu-
tions, the preferred methods of preparation are vacuum dry-
ing and the freeze-drying technique which yield a powder of
the active ingredient plus any additional desired ingredient
from previously sterile-filtered solution thereof.

Preferably the formulation may contain an excipient. Phar-
maceutically acceptable excipients which may be included in
the formulation are buffers such as citrate buffer, phosphate
buffer, acetate buffer, and bicarbonate buffer; amino acids;
urea; alcohols; ascorbic acid; phospholipids; proteins, such as
serum albumin, collagen, and gelatin; salts such as EDTA or
EGTA, and sodium chloride; liposomes; polyvinylpyrolli-
done; sugars, such as dextran, mannitol, sorbitol, and glyc-
erol; propylene glycol and polyethylene glycol (e.g., PEG-
4000, PEG-6000); glycerol; glycine; lipids; preservatives;
suspending agents; stabilizers; and dyes. As used herein, the
term “stabilizer” refers to a compound optionally used in the
pharmaceutical compositions of the present invention in
order to avoid the need for sulphite salts and increase storage
life. Non-limiting examples of stabilizers include antioxi-
dants. Buffer systems for use with the formulations include
citrate; acetate; bicarbonate; and phosphate buffers.

The formulation also may contain a non-ionic detergent.
Preferred non-ionic detergents include Polysorbate 20,
Polysorbate 80, Triton X-100, Triton X-114, Nonidet P-40,
Octyl a-glucoside, Octyl p-glucoside, Brij 35, Pluronic, and
Tween 20.

The parenteral formulations of the present invention can be
sterilized. Non-limiting examples of sterilization techniques
include filtration through a bacterial-retaining filter, terminal
sterilization, incorporation of sterilizing agents, irradiation,
and heating.

The route of administration may be oral or parenteral,
including intravenous, subcutaneous, intra-arterial, intraperi-
toneal, ophthalmic, intramuscular, buccal, rectal, vaginal,
intraorbital, intracerebral, intradermal, intracranial, intraspi-
nal, intraventricular, intrathecal, intracisternal, intracapsular,
intrapulmonary, intranasal, transmucosal, transdermal, or via
inhalation.
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Administration of the above-described parenteral formu-
lations may be by periodic injections of a bolus of the prepa-
ration, or may be administered by intravenous or intraperito-
neal administration from a reservoir which is external (e.g., an
intravenous bag) or internal (e.g., a bioerodible implant, a
bioartificial or organ). See, e.g., U.S. Pat. Nos. 4,407,957 and
5,798,113, each incorporated herein by reference in their
entireties. Intrapulmonary delivery methods and apparatus
are described, for example, in U.S. Pat. Nos. 5,654,007,
5,780,014, and 5,814,607, each incorporated herein by refer-
ence in their entireties. Other useful parenteral delivery sys-
tems include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, pump deliv-
ery, encapsulated cell delivery, liposomal delivery, needle-
delivered injection, needle-less injection, nebulizer, aeoro-
solizer, electroporation, and transdermal patch. Needle-less
injector devices are described in U.S. Pat. Nos. 5,879,327,
5,520,639; 5,846,233 and 5,704,911, the specifications of
which are herein incorporated herein by reference in their
entireties. Any of the formulations described herein can be
administered in these methods.

In yet another non-limiting embodiment, the therapeutic
compound can be delivered in a controlled or sustained
release system. For example, a compound or composition
may be administered using intravenous infusion, an implant-
able osmotic pump, a transdermal patch, liposomes, or other
modes of administration. In one embodiment, a pump may be
used (see Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201;
Buchwald et al., 1980, Surgery 88:507; Saudek et al., 1989,
N. Engl. J. Med. 321:574). In another embodiment, poly-
meric materials can be used (see Langer and Wise eds., 1974,
Medical Applications of Controlled Release, CRC Press:
Boca Raton, Fla.; Smolen and Ball eds., 1984, Controlled
Drug Bioavailability, Drug Product Design and Performance,
Wiley, N.Y.; Ranger and Peppas, 1983, J. Macromol. Sci.
Rev. Macromol. Chem., 23:61; Levy et al., 1985, Science
228:190; During et al., 1989, Arm. Neurol., 25:351; Howard
et al., 9189, J. Neurosurg. 71:105). In yet another embodi-
ment, a controlled release system can be placed in proximity
of the therapeutic target, i.e., the brain, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, 1984, in
Medical Applications of Controlled Release, Vol. 2, pp. 115-
138).

In certain non-limiting embodiments, the premixed
dexmedetomidine composition comprises dexmedetomidine,
or a pharmaceutically acceptable salt thereof, at a concentra-
tion of between about 0.005 pg/ml and about 100 pg/mL, or
between about 0.005 pg/ml. and about 50 pg/ml., or between
about 0.005 pg/ml. and about 25 pg/ml., or between about
0.005 pg/ml and about 15 pg/ml., or between about 0.005
pg/ml and about 10 pg/ml., or between about 0.005 ng/mL
and about 7 pg/ml., or between about 0.005 pg/ml. and about
5 ug/mL, or between about 0.005 pg/ml and about 4 pg/mlL.,
or between about 0.005 pg/ml. and about 3 pg/ml., or
between about 0.005 pg/ml. and about 2 pg/ml., or between
about 0.005 ng/ml. and about 1 pg/ml., or between about
0.005 pg/mL and about 0.5 pg/ml, or between about 0.005
pg/ml and about 0.05 pg/mL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition comprises dexmedetomidine,
or a pharmaceutically acceptable salt thereof, at a concentra-
tion of between about 3.5 pg/ml and about 4.5 pg/ml., or
between about 3 pg/ml. and about 5 pg/ml., or between about
2.5 pg/ml and about 5.5 pg/ml., or between about 2 ng/ml
and about 6 pg/ml, or between about 1.5 ug/ml and about 6.5
pg/ml., or between about 1 pg/ml and about 7 pg/ml., or
between about 0.5 pg/ml and about 10 pg/mL.
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In certain non-limiting embodiments, the premixed
dexmedetomidine composition comprises dexmedetomidine
at a concentration of about 0.5 pg/mL, or about 1 pg/ml., or
about 1.5 pg/ml, or about 2 pg/ml., or about 2.5 pg/ml, or
about 3 pg/ml., or about 3.5 pg/ml., or about 4 ng/ml., or
about 4.5 pg/ml, or about 5 pg/ml., or about 5.5 pg/mL, or
about 6 pg/ml., or about 6.5 pg/ml., or about 7 pg/ml., or
about 7.5 pg/ml, or about 8 pg/ml., or about 8.5 pg/mL, or
about 9 pg/ml, or about 9.5 pg/ml., or about 10 pg/ml,, or
about 10.5 pg/ml., or about 11 pg/ml, or about 11.5 pg/ml.,
or about 12 pg/ml., or about 12.5 pg/ml., or about 13 pg/ml.,
or about 13.5 pg/ml., or about 14 pg/ml., or about 14.5
pg/mlL, or about 15 pg/ml., or about 15.5 pg/ml, or about 16
png/ml., or about 16.5 pg/ml., or about 17 pg/ml., or about
17.5 ug/mlL., orabout 18 pg/ml, or about 18.5 ng/ml. or about
19 pug/mL, or about 19.5 pg/ml., or about 20 pg/mlL..

In certain non-limiting embodiments, the premixed
dexmedetomidine composition comprises dexmedetomidine
at a concentration of about 4 pg/ml..

In certain non-limiting embodiments, the premixed
dexmedetomidine composition is formulated as a liquid.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition is formulated at a pH of
between about 1 and about 10, or between about 1 and about
8, or between about 1 and about 6, or between about 1 and
about 4, or between about 1 and about 2. In other non-limiting
embodiments, the premixed dexmedetomidine composition
is formulated at a pH of between about 2 and about 10, or
between about 4 and about 8, or between about 4 and about 7.
In other non-limiting embodiments, the premixed dexme-
detomidine composition is formulated at a pH of between
about 4.7 and about 6.2. In a preferred non-limiting embodi-
ment, the premixed dexmedetomidine composition is formu-
lated at a pH of between about 4.5 and about 7.0.

In other non-limiting embodiments, the premixed dexme-
detomidine composition comprises dexmedetomidine mixed
or dissolved in a sodium chloride saline solution. The saline
solution can comprise sodium chloride present at a concen-
tration of between about 0.05 weight percent and about 10
weight percent, or between about 0.05 weight percent and
about 5 weight percent, or between about 0.05 weight percent
and about 3 weight percent, or between about 0.05 weight
percent and about 2 weight percent, or between about 0.05
weight percent and about 1 weight percent. In one preferred,
non-limiting embodiment, the sodium chloride is present at a
concentration of about 0.9 weight percent.

In certain embodiments, the weight percent of the saline
solution is a percent weight/weight of the premix composi-
tion. In certain embodiments, the weight percent of the saline
solution is a percent weight/volume of the premix composi-
tion.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention com-
prises dexmedetomidine, or a pharmaceutically acceptable
salt thereof, at a concentration of between about 0.05 pg/ml.
and about 15 pg/ml., and sodium chloride at a concentration
of between about 0.01 and about 2.0 weight percent.

In other non-limiting embodiments, the premixed dexme-
detomidine composition of the present invention comprises
dexmedetomidine, or a pharmaceutically acceptable salt
thereof, at a concentration of about 4 pg/ml. and sodium
chloride at a concentration of about 0.90 weight percent.

In one non-limiting example, the 0.9% NaCl solution is
formulated by mixing 9.0 g NaCl/1000 mL of water. In cer-
tain embodiments, the premix compositions of the present
invention are formulated by adding 0.118 g dexmedetomidine
HCl plus 9.0 g NaCl into the same 1000 mL of water. The
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solution can then be mixed with addition 0.9% NaCl solution
to achieve a desired concentration of dexmedetomidine, for
example, 4 pg/mlL..

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention is
disposed in a container or vessel that can maintain the sterility
of, or prevent the contamination of, a premixed dexmedeto-
midine composition that is purified or substantially free of
any contaminants. In certain non-limiting embodiments, the
container or vessel is a sealed container or vessel.

In certain non-limiting embodiments, the dexmedetomi-
dine composition of the present invention is disposed in a
container or vessel and is formulated as a premixture.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention is
disposed in a container or vessel and is formulated as a single
use dosage. In certain non-limiting embodiments, the pre-
mixed dexmedetomidine composition of the present inven-
tion is disposed in a container or vessel and is formulated as
a dosage for multiple use.

In certain non-limiting embodiments, the container or ves-
sel includes, but is not limited to, glass vials (for example, but
not limited to, flint glass vials), ampoules, plastic flexible
containers, for example, but not limited to, PVC (polyvinyl
chloride) containers, VisIV™ plastic containers (Hospira,
Inc., Lake Forest, 111.), and CR3 elastomer copolyester ether
containers (Hospira, Inc., Lake Forest, I11.), CZ resin contain-
ers, poly propylene containers and syringes.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention can
be stored as a liquid in an aliquot having a total volume of
between about 1 and 500 mL, or between about 1 and 250 mL,
or between about 1 and 200 mL, or between about 1 and 150
mL, or between about 1 and 125 mL, or between about 1 and
120 mL, or between about 1 and 110 mL, or between about 1
and 100 mL, or between about 1 and 90 mL, or between about
1 and 80 mL, or between about 1 and 70 mL, or between about
1 and 60 mL, or between about 1 and 50 mL, or between about
1 and 40 mL, or between about 1 and 30 mL, or between about
1 and 20 mL, or between about 1 and 10 mL, or between about
1 and SmL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention can
be stored as a liquid in an aliquot having a total volume of
about 5 mL, or about 10 mL, or about 15 mL, or about 20 mL,
or about 25 mL, or about 30 mL, or about 35 mL, or about 40
mL, orabout 45 mL, orabout 50 mL, or about 55 mL, or about
60 mL, or about 65 mL, or about 70 mL, or about 75 mL, or
about 80 mL, or about 85 mL, or about 90 mL., or about 95
mL, or about 100 mL, or about 105 mL, or about 110 mL, or
about 115 mL, or about 120 mL, or about 125 mL, or about
130 mL, or about 135 mL, or about 140 mL, or about 145 mL,
or about 150 mL, or about 200 mL, or about 250 mL, or about
500 mL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention can
be stored as a liquid in an aliquot having a total volume of
about 20 mL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention can
be stored as a liquid in an aliquot having a total volume of
about 50 mL.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention can
be stored as a liquid in an aliquot having a total volume of
about 100 mL.
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4.3 Methods of Using Premixed Dexmedetomidine
Compositions

In accordance with the invention, there are provided meth-
ods of using a premixed dexmedetomidine composition. In
certain non-limiting embodiments, the present invention pro-
vides for preoperative treatment of a patient to reduce the
response of the autonomic nervous system to stimuli during
an operation by administering a dexmedetomidine composi-
tion of the invention, as described in U.S. Pat. No. 5,344,840.
In other non-limiting embodiments, the dexmedetomidine
compositions of the present invention can be administered as
asedative. In certain embodiments, the composition is admin-
istered preoperatively to potentiate the effect of an anesthetic,
wherein administration of the composition reduces the
amount of anesthetic required to achieve a desired level of
anesthesia. In certain embodiments, the dexmedetomidine
compositions of the present invention can be administered as
an anxiolytic analgesic premedication prior to the operation
with or without administration of an amount of an anesthetic
effective to achieve a desired level of local or general anes-
thesia. In certain embodiments, the dexmedetomidine com-
positions of the present invention are formulated as a phar-
maceutical composition for use in a method of sedation,
analgesia or treatment of anxiety or hypertension.

In certain non-limiting embodiments, the patient treated
with the premixed dexmedetomidine composition of the
invention is intubated. The patient may be intubated prior to,
during, or after administration of the premixed dexmedeto-
midine composition. The patient may be intubated by the
nasotracheal, endotracheal, direct oral laryngoscopy or by
fibreoptic routes, or via tracheotomy, for example, while
being treated in an intensive care unit (ICU), which, as used
herein refers to any setting that provides intensive care, as
described, for example, in U.S. Pat. No. 6,716,867. For
example, the compositions of the invention can be used for
sedating a patient in an intensive care unit which means
rendering a patient calm and treating conditions that affect
patient comfort, such as pain and anxiety, in any setting that
provides intensive care.

In other non-limiting embodiments, the premixed dexme-
detomidine compositions of the present invention can be
administered to a patient as a perioperative treatment. In
certain embodiments, the composition can be administered as
a premedication prior to an operation. In certain embodi-
ments, the premixed dexmedetomidine compositions of the
present invention can be used in the manufacture of a medi-
cament for perioperative treatment of mammals to reduce the
responses of the autonomic nervous system to stressful
stimuli during an operation, for example, as described in U.S.
Pat. No. 5,344,840.

In other non-limiting embodiments, the premixed dexme-
detomidine compositions of the present invention can be
administered to a patient as an adjunct anesthesia. For
example, the composition can be administered with or with-
out an amount of an anesthetic effective to achieve a desired
level of local or general anesthesia, for example, as described
in U.S. Pat. No. 5,344,840. In certain embodiments, admin-
istration of the compositions of the present invention reduces
the amount of anesthetic required to achieve a desired level of
anesthesia.

In other non-limiting embodiments, the patient treated
with the premixed dexmedetomidine composition is critically
ill. In one embodiment, the patient suffers from one or more
medical conditions. In certain embodiments, the medical con-
dition is a lung problem, brain problem, heart problem, liver
problem, kidney problem, eye or ear problem, gastrointesti-
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nal problem, or skin problem. Non-limiting examples of lung
problems include respiratory distress syndrome, pneumonia,
bronchopulmonary dysplasia, apnea of prematurity, and
pneumothorax. Non-limiting examples of brain problems
include intraventricular hemorrhage, and cerebral palsy.
Non-limiting examples of liver problems include jaundice.
Non-limiting examples of heart problems include patent duc-
tus arteriosus. Non-limiting examples of eye problems
include retinopathy of prematurity, myopia, and strabismus.
Non-limiting examples of other medical conditions includes
heroin withdrawal, cocaine withdrawal, alcohol fetal syn-
drome, HIV-positive status, and Tay Sachs disease.

In one embodiment, the patient has undergone surgery. The
patient may undergo surgery prior to, during, or after admin-
istration of the premixed dexmedetomidine composition.
Non-limiting examples of surgery include cardiopulmonary
bypass.

In other non-limiting embodiments, the premixed dexme-
detomidine compositions of the present invention can be
administered to a patient as an anxiolytic or analgesic agent,
for example, as described in U.S. Pat. Nos. 5,344,840 and
6,716,867. In one non-limiting example, the method com-
prises local epidural or intraspinal administration of the pre-
mixed dexmedetomidine composition of the invention.

In other non-limiting embodiments, the premixed dexme-
detomidine compositions of the present invention can be
administered to a patient to lower intraocular pressure, for
example, in the treatment of glaucoma, as described in U.S.
Pat. No. 5,304,569.

In certain embodiments, the premixed dexmedetomidine
compositions of the present invention do not include any
other active ingredient, or therapeutic agent, other than
dexmedetomidine.

In certain non-limiting embodiments of the present inven-
tion, the premixed dexmedetomidine composition can be
administered as a single continuous dose over a period of
time. For example, the premixed dexmedetomidine compo-
sition can be administered intravenously for a period of time
of between about 1 and about 10 minutes, or between about 1
and about 20 minutes, or between about 1 and about 30
minutes, or between about 1 and about 2 hours, or between
about 1 and about 3 hours, or between about 1 and about 4
hours, or between about 1 and about 5 hours, or between
about 1 and about 6 hours, or between about 1 and about 7
hours, or between about 1 and about 8 hours, or between
about 1 and about 9 hours, or between about 1 and about 10
hours, or between about 1 and about 11 hours, or between
about 1 and about 12 hours, or between about 1 and about 13
hours, or between about 1 and about 14 hours, or between
about 1 and about 15 hours, or between about 1 and about 16
hours, or between about 1 and about 17 hours, or between
about 1 and about 18 hours, or between about 1 and about 19
hours, or between about 1 and about 20 hours, or between
about 1 and about 21 hours, or between about 1 and about 22
hours, or between about 1 and about 23 hours, or between
about 1 and about 24 hours, and administered at a dosage of
between about 0.005 pg/kg/hr and about 5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 4.5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 3 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 2.5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 2 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 1.5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 1 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 0.5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 0.25 pg/kg/hr.

In other non-limiting embodiments of the present inven-
tion, the premixed dexmedetomidine composition can be
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administered as a loading dose followed by a maintenance
dose over a period of time. For example, the loading dose can
comprise administration of the premixed dexmedetomidine
composition at a first dosage amount for a first period of time,
followed by administration of the maintenance dose at a
second dosage amount for a second period of time. The load-
ing dose can be administered for a period of time of between
about 1 and about 5 minutes, or between about 1 and about 10
minutes, or between about 1 and about 15 minutes, or
between about 1 and about 20 minutes, or between about 1
and about 25 minutes, or between about 1 and about 30
minutes, or between about 1 and about 45 minutes, or
between about 1 and about 60 minutes. Following the loading
dose, the maintenance dose can be administered for a period
of'time as described above for a single continuous dose.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition, when administered as a
single continuous, loading or maintenance dose, is adminis-
tered for a period of time of about 1 hour to about 7 days, or
about 1 hour to about 4 days, or about 1 hour to about 48
hours, or about 1 hour to about 36 hours, or about 1 hour to
about 24 hours, or about 1 hour to about 12 hours.

In certain non-limiting embodiments, the premixed
dexmedetomidine composition, when administered as a
single continuous, loading or maintenance dose, is adminis-
tered for a period of time of about 24 hours to about 120 hours,
or about 24 hours to about 108 hours, or about 24 hours to
about 96 hours, or about 24 hours to about 72 hours, or about
24 hours to about 48 hours, or about 24 hours to about 36
hours.

When administered as a loading dose followed by a main-
tenance dose, the loading dose and/or maintenance dose can
be a dose of between about 0.005 pg/kg/hr and about 5 pug/kg/
hr, or between about 0.005 pg/kg/hr and about 4.5 ug/kg/hr, or
between about 0.005 pg/kg/hr and about 3 pg/kg/hr,
between about 0.005 pg/kg/hr and about 2.5 pg/kg/hr,
between about 0.005 pg/kg/hr and about 2 pg/kg/hr,
between about 0.005 pg/kg/hr and about 1.5 pg/kg/hr,
between about 0.005 pg/kg/hr and about 1 pg/kg/hr,
between about 0.005 pg/kg/hr and about 0.5 pg/kg/hr,
between about 0.005 pg/kg/hr and about 0.25 pg/kg/hr.

In a preferred non-limiting embodiment, the premixed
dexmedetomidine composition is administered as a loading
dose followed by a maintenance dose, wherein the loading
dose is about 1 pg/kg/hr for a period of about 10 minutes,
followed by a maintenance dose of between about 0.2 pg/kg/
hr to about 1 pg/kg/hr, more preferably, between about 0.2
ng/kg/hr to about 0.7 pg/kg/hr.

In other preferred non-limiting embodiments, the pre-
mixed dexmedetomidine composition is administered as a
loading dose followed by a maintenance dose, wherein the
loading dose is about 0.5 pg/kg/hr for a period of about 10
minutes, followed by a maintenance dose of between about
0.2 pg/kg/hr to about 1 pg/kg/hr, more preferably, between
about 0.2 pg/kg/hr to about 0.7 pg/kg/hr.

In certain non-limiting embodiments, the dosage of pre-
mixed dexmedetomidine composition administered as a
single continuous, loading or maintenance dose, is titrated
until a desired effect is achieved.

In some patients, the quality of the sedation achieved by
administering the premixed dexmedetomidine composition
of the present invention can be unique. In one non-limiting
example, a patient sedated by the premixed dexmedetomidine
composition is arousable and oriented. The patient can be
awakened and is able to respond to questions. The patient is
aware and can tolerate an endotracheal tube. Should a deeper
level of sedation be required or desired, an increase in dose of
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the composition of the invention can be administered to tran-
sit the patient into a deeper level of sedation.

In certain non-limiting embodiments, the compositions of
the invention can be administered to non-ventilated patients
who require sedation, anxiolysis, analgesia, or hemodynamic
stability in an amount to achieve a sedative, anxiolytic, anal-
gesic or hemodynamic stabilizing effect in the patient.

5. EXAMPLES

The following examples are merely illustrative of the pres-
ently disclosed subject matter and they should not be consid-
ered as limiting the scope of the invention in any way.

Example 1

Selection of Packaging Components for the
Premixed Dexmedetomidine Pharmaceutical
Composition

In order to identify suitable primary packaging compo-
nents for the 4 pg/ml. premixed dexmedetomidine composi-
tionin 0.9% NaCl, stability studies were conducted in various
configurations including glass vials, ampoules, plastic flex-
ible containers (CR3 elastomer copolyester ether containers
(Hospira, Inc., Lake Forest, Il11.), PVC and VisIV™ plastic
containers (Hospira, Inc., Lake Forest, IIl.)), and Ansyr®
syringes (Hospira, Inc., Lake Forest, Ill.). A batch of pre-
mixed dexmedetomidine composition was prepared at the
premix concentration of 4 pg/ml, in 0.9% NaCl. Solution
was filled into 20 mL. ampoules, 50 mL glass vials, 100 mL
PVC flexible containers, 100 mL. CR3 elastomer copolyester
ether flexible containers (Hospira, Inc., Lake Forest, 111.), 50
ml VisIV™ plastic (Hospira, Inc., Lake Forest, I11.) flexible
containers, and 10 mI, Ansyr® syringes (Hospira, Inc., Lake
Forest, I11.), and all configurations were autoclaved. The pH
and potency (using HPLC method) of the sterilized samples
were determined. The stability of the autoclaved samples
under accelerated conditions (40° C./75% RH) was also
evaluated over a period of 5 months (Table 1).

Potency was evaluated using a HPL.C method. Post steril-
ization potency values ranged from 73-88%. The solution
pHs varied from 4.7-6.2 following an in-process result of 6.0.
Two weeks samples stored under ambient conditions were
tested for pH, potency and related substances. The two weeks
potency results were considered as time zero results because
the 4 pg/ml. formulation remains stable at room temperature
for more than 2 weeks. Comparison of potency results at time
zero in different configurations indicated a drop in potency of
premixed dexmedetomidine composition filled in CR3 elas-
tomer copolyester ether bags (Hospira, Inc., Lake Forest, I1l.)
and VisIV™ plastic bags (Hospira, Inc., Lake Forest, IlL.),
after sterilization (Table 1).

The stability of the autoclaved samples under accelerated
conditions (40° C./75% RH) was also evaluated over a period
of 5 months (Table 1). After five months under accelerated
conditions the potency of the premixed dexmedetomidine
composition in glass ampoules and vials remained at about
98% while that in the syringe was found to be about 90%. In
PVC and CR3 elastomer copolyester ether bags (Hospira,
Inc., Lake Forest, I11.), after the initial potency loss no further
loss of potency was observed during the five month period.
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TABLE 1

4 pg/mL Premixed Dexmedetomidine
Composition in Normal Saline Formulation Stability

2 1 2 3 5
Week/ Month/ Month/ Month/ Month/
25°C. 40° C. 40°C. 40°C. 40°C.
Avg Avg Avg Avg Avg
Potency Potency Potency Potency Potency
(%) pH (%) pH (%) (%) (%)
Ampoule 99.0 5.0 99.0 5.6 977 98.3 98.7
Vial 98.2 6.7 99.4 63 98.0 98.3 98.6
Syringe 95.0 5.5 94.6 5.7 922 89.5 90.8
CR3 80.2 4.7 79.5 48 NT 75.3 79.2
PVC 79.9 4.8 814 46 NT 79.0 76.7
Vis-IV ™ 95.8 5.9 928 58 NT 94.0 NT

NT—Not tested

The cause of potency loss in PVC bags and CR3 elastomer
copolyester ether bags (Hospira, Inc., Lake Forest, I11.) during
autoclaving was investigated. Related substances testing on
autoclaved premixed dexmedetomidine composition filled in
PVC and CR3 elastomer copolyester ether bags (Hospira,
Inc., Lake Forest, I11.) revealed that potency drop did not
occur due to degradation, because the total percent of impu-
rities was much less than 20% (Table 2). Loss of potency may
be due to either adsorption (restricted to the surface of the flex
bag) and/or absorption (not restricted to the surface) of the
drug in to the flex bags. To confirm the absorption/adsorption
phenomena, the CR3 elastomer copolyester ether bags (Hos-
pira, Inc., Lake Forest, I11.) and PVC bags that showed 20%
potency loss were emptied and rinsed with McOH. The rinse
solvent was tested for dexmedetomidine. Nearly all the drug
was recovered from CR3 elastomer copolyester ether bags
(Hospira, Inc., Lake Forest, I11.)—indicating adsorption and
only 1% of the drug was recovered from PVC bags—indicat-
ing absorption, since drug dissolves in DEHP.

The related substances results indicated that premixed
dexmedetomidine composition in VisIV™ plastic bags (Hos-
pira, Inc., Lake Forest, I11.) had high impurity levels (Table 2),
higher than levels observed in ampoules, vials, syringes, PVC
bags and CR3 elastomer copolyester ether bags (Hospira,
Inc., Lake Forest, I11.).

TABLE 2

Impurity Results for 4 pg/mL Premixed
Dexmedetomidine Composition

2 week/25° C. 1 Month/40° C.
Total impurity (%) Total impurity (%)
Ampoule 0.66% 0.54%
Vial 0.02% NT
Syringe 0.49% 1.48%
CR3 2.61% 5.88%
PVC 2.26% NT
VisIV ™ 19.08% 7.02%
Example 2

Development in ADDVantage® PVC (Hospira, Inc.,
Lake Forest, 111.) Admixture System

In this study three 250 m[L ADDVantage® PVC bags (Hos-
pira, Inc., Lake Forest, I11.) were spiked with 10 mI. of dexme-
detomidine concentrate (100 pg/ml.) to obtain a final concen-
tration of 4 pg/ml.. As a control, a glass bottle was spiked in
the same manner. Upon thorough mixing of the samples, an
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aliquot was withdrawn for subsequent potency analysis. The
bag was then allowed to sit on the bench top for various
interval testing. The results showed that there is a drop in
potency after the initial mixing period and a slight decrease
thereafter (Table 3).

TABLE 3

4 pg/mL Premixed Dexmedetomidine Composition
ADDVantage ® PVC bag (Hospira, Inc., Lake Forest, IL)
Admixture Study

Time Following Admixture % Loss from Control*

Immediately 53
4 Hours 5.6
8 Hours 6.0
24 Hours 55
48 Hours 5.8
72 Hours 6.0
7 Days 6.1

*Average of three spiked bags compared to glass bottle.

Example 3

Modification of the Premixed Dexmedetomidine
Composition Formulation

The pH of the premixed dexmedetomidine composition
formulation can affect the adsorption of dexmedetomidine
molecule. The free base form of dexmedetomidine is more
adsorptive. At lower pH~4.0, most of the dexmedetomidine is
in the ionized form, which minimized adsorption and thereby
loss in potency. Buffered formulations were tested to deter-
mine whether loss of potency in flex bags can be minimized.

CH;

CH; CH;

Buffered formulations were prepared at different pHs 3.0,
3.4, 4.0, and 4.5 using acetate, citrate, lactate and ascorbate
buffer. Since the pKa for dexmedetomidine is about 7.1, at
this pH the molecule might be protonated sufficiently to
retard adsorption. Post-autoclave potency values dropped
approximately 10% in all instances; this was an improvement
from the 20% decrease observed in the unbuffered formula-
tion in Example 1.

In a second study, additives were formulated with the pre-
mixed dexmedetomidine composition to prevent adsorption
of the dexmedetomidine to CR3 elastomer copolyester ether
(Hospira, Inc., Lake Forest, I1l.). The following additives
were tested: ethyl alcohol, benzyl alcohol, methyl paraben,
propyl paraben, PEG 1000, polysorbate 20 and 80, propylene
glycol. Formulations prepared included additives in both
buffered and unbuffered premixed dexmedetomidine compo-
sition. Both these reformulation strategies reduced potency
loss.

Stability testing of the 4 pg/ml premixed dexmedetomi-
dine composition (unbuffered saline formulation), in glass
vials and ampoules stored at 25° C., after 9 months was
performed. Potency remained relatively unchanged from ini-
tial measurements. Additionally, the largest single impurity
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detected in the samples was present at a concentration of
0.06%.

Example 4

Stability of the Premixed Dexmedetomidine
Composition

The stability of dexmedetomidine hydrochloride to acidic,
basic, oxidative and photolytic stress was examined. In order
to demonstrate the resiliency of dexmedetomidine, even
when present in extremely low levels (ppm or pg/mlL levels),
dilute solutions of dexmedetomidine (approx. 13.3 pug/ml.)
were separately subjected to acidic, basic, oxidative and pho-
tolytic stress and then diluted with 0.9% Sodium Chloride to
a final nominal concentration of 4 pg/ml. and assayed by
HPLC with a photodiode array (PDA) detector for spectral
peak purity analysis. Each sample was injected in duplicate.
The stress conditions are listed in Table 4.

TABLE 4

Stress Condition

Stress

Condition Description

Acid 5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* and 10 mL of 5N Hydrochloric Acid were added to
20 mL scintillation vial. The vial was placed in an oven at

60° C. for 8 hours. The solution was then diluted with 0.9%
NaCl to 4 pg/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* and 5 mL of 2N Sodim Hydroxide were added to

20 mL scintillation vial. The vial was placed in an oven at

60° C. for 4 hours. The solution was then diluted with

0.9% NaCl to 4 pg/mL.

Base

CH;
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CH;

TABLE 4-continued

Stress Condition

Stress

Condition Description

Thermal 5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* was added to 20 mL scintillation vial. The vial was
placed in an oven at 60° C. for 8 hours. The solution was then
diluted with 0.9% NaCl to 4 pg/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* and 5 mL of 0.3% Hydrogen Peroxide were added
to 20 mL scintillation vial. The vial was placed in an oven at
60° C. for 8 hours. The solution was then diluted with

0.9% NaCl to 4 pg/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* were added to 20 mL scintillation vial and placed
into a photochemical reaction unit for 24 hours. The solution
was then diluted with 0.9% NaCl to 4 pg/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* was added to 20 mL scintillation vial. The vial was
not subjected to any stress condition. The solution was then
diluted with 0.9% NaCl to 4 pg/mL.

H0,

Light

Control

*Stock solution of dexmedetomidine HCI was prepared in 0.9% NaCl solution.

J.A.31



Case 1:18-cv-00303-RGA Document 59 Filed 10/15/18

US 8,455,527 B1

17

The peak purity analysis shows that under all stress condi-
tions the parent peak were spectrally pure, attesting to the
assay being performed under conditions of specificity. See
Table 5 for Potency Results.

Under oxidative conditions, the sample showed highest
amount of degradation (12.7%) compared to the control
sample. Appropriate precautions are taken during manufac-
turing and packaging to prevent oxidative stress.

Thermal stress studies indicate that the premixed dexme-
detomidine composition is stable at high temperature. It is
also confirmed by accelerated stability studies, wherein
potency values remained within shelf life specifications over
a period of 6 months. Moreover the premixed dexmedetomi-
dine composition is a terminally sterilized product. Hence, it
is expected that premixed dexmedetomidine composition
would remain stable if exposed to temperature excursions
during transportation or storage.

TABLE 5§

Forced Degradation Results

Samples ID Assay
Control Sample 98.4%
Acid Sample 95.2%
Base Sample 93.8%
Heat Sample 98.4%
Oxidation Sample 85.7%
Light Sample 92.0%

Example 5

Manufacture of the Premixed Dexmedetomidine
Composition Formulation

A 4 ng/ml. premixed dexmedetomidine composition can
be manufactured according to the following process: Water
for Injection is added to a mixing tank to approximately 110%
of'the final volume and heated to 80° C. Nitrogen sparging in
the tank is started and maintained throughout the manufac-
turing process. Water for Injection is then cooled and a suffi-
cient amount of water is withdrawn from the tank to leave
approximately 90% of the final volume in the mix tank.
Dexmedetomidine HCI is then added to the tank and mixed
for not less than 15 minutes. Sodium chloride is then added
and mixed. The solution is then divided into batch size. An
in-process sample is then evaluated for pH and potency. The
nitrogen protection is maintained.

Filtering of Dexmedetomidine Composition

The dexmedetomidine solution is filtered prior to filling in
a clinician-useable container. For the 20 mL batches, solution
is filtered through Pall Nylon 66, 0.45 um filter membrane
with a pre filter. For 50 and 100 mL batches, solution is
filtered through Nylon 66, 0.22 pm filter membrane with a pre
filter. A filter compatibility study was performed using Pall
Nylon 66 0.45 pm filter. It was determined that filters had little
to no impact on the premixed dexmedetomidine composition
product after 52 hours of recirculation. The prolonged expo-
sure of these filter materials did not produce any significant
potency or pH changes in the drug product (See Table 6).
Additionally, there was no change in bubble point for the
filters before and after exposure.
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TABLE 6

Filter compatibility testing

Pall Nylon 66 filter
(Pall Corp., Port Washington, NY)

Time Sample Tested Potency (%) pH
Pre-filtration Tank (0 hr) 99.8 6.30
5 minute static filter hold sample 973 6.01
One hour tank 99.4 6.17
Six hour tank 99.1 6.18
Eight hour tank 99.2 6.23
25 hour tank 98.9 6.24
52 hour tank 99.3 6.17

Nitrogen Protection During Filling

The transfer line from solution manufacturing to filling is
optionally flushed with filtered nitrogen gas prior to filling.
The filling equipment, including all lines are purged with
nitrogen before starting to fill the product. An atmosphere of
filtered nitrogen gas is maintained in the headspace of the
surge bottle. After filling, the headspace of the container is
gassed with nitrogen to achieve not more than 5% of oxygen
in the headspace.
Hold Time

The following time limits will be applied to manufacture of
the subject drug product:

Total time for filtration and filling: NMT (Not More Than)
16 hours

Total time for manufacturing (from compounding to end of
filling): NMT 24 hours
Sterilization

The premixed dexmedetomidine composition is terminally
sterilized. Vials filled with the composition are autoclaved
using 15-30 minutes exposure at 121-124° C.
Container Closure System

The 4 pg/ml. premixed dexmedetomidine composition can
be manufactured in three configurations: 20 mL fill in 20 mL
vial, 50 mL fill in 50 mL vial and 100 mL fill in 100 mL vial.
Examples of packaging components for the 20 mL, 50 mL
and 100 mL configurations are listed in Tables 7, 8, and 9
below.

TABLE 7

Container Closure System for 4 pg/mL Premixed
Dexmedetomidine Composition, 20 mL
Primary Packaging Materials

Kimble USP Type I, Clear Tubing Glass Vial, Sulfur-Treated,
20 mm, 20 mL (Kimble Chase, Vineland, NJ)

West 4432/50 Teflon 2 coated Gray rubber Closure (Stopper),
20 mm (West Pharmaceutical Services, Inc.)

Seal, Flip-Off ® (Blue or Gray) elastomer stoppers, 20 mm
(West Pharmaceutical Services, Inc., Lionville, PA)

TABLE 8

Container Closure System for 4 pg/mL Premixed
Dexmedetomidine Composition, 50 mL
Primary Packaging Materials

Gerresheimer USP Type I, Glass Vial (Bottle), Sulfur-Treated,
28 mm, 50 mL (Gerresheimer Glass Inc., Vineland, NJ)
Helvolet FM 259/0 Gray with OmniflexPlus ® Fluoropolymer
coating Rubber Closure (Stopper), 28 mm (Helvoet Pharma,
Datwyler USA, Pennsauken, NJ)

Aluminum Seal, Overseal Assembly, 3 piece, 28 mm
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TABLE 9
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TABLE 12-continued

Container Closure System for 4 ng/mL Premixed
Dexmedetomidine Composition, 100 mL
Primary Packaging Materials

Gerresheimer USP Type 1, Glass Bottle, Sulfur-Treated,

100 mL (Gerresheimer Glass Inc., Vineland, NJ)

Helvolet FM 259/0 Gray with OmniflexPlus ® Fluoropolymer
coating Rubber Closure (Stopper), 28 mm (Helvoet Pharma,
Datwyler USA, Pennsauken, NJ)

In-Process Specification

In-Process Procedures In-Process
Unit Operation Control/Test or Methods Limit
Filling Process Weight/volume Perform fill Meets
control weight/volume requirements
checks per SOP

Aluminum Seal, Overseal Assembly, 3 piece, 28 mm 10
An example of final product limits for physical, chemical, and
biological testing of 4 pug/ml premixed dexmedetomidine
Batch Formula giea s He P
o o composition are listed in the Table 13.
Examples of qualitative and quantitative batch formula for
a registration batch and a commercial batch for a 4 pg/mL TABLE 13
premixed dexmedetomidine (dexmedetomidine hydrochlo- 13
r lde) COIIlPOSltlon, for a 20, 50, and 100 mL presentation are Premixed Dexmedetomidine Composition Specifications
presented in Tables 10 and 11 below.
Test Acceptance Criteria
TABLE 10 20 Clarity Solution is clear. Solution does not contain one or
] N more particles visible upon attentive inspection
Batch Formula for 4 pg/mL Premixed Dexmedetomidine Assay 90.0%-110.0%
Hydrochloride Composition, 20 mIL (9.00 mg/mL-1.10 mg/mL)
Color Colorless
Registration Maximum pH 45-7.0
Stablhjcy Batch Commeltmal Batch Volume Label Claim Acceptable Range
Component Size: Size: 25
20 mL 20.5-22.5 mL
Dexmedetomidine HCI 2.832 mg 25.96 mg 50 EL 50.0-54.5 EL
Sodium Chloride 54 g 495 g 100 mL 102 0'_10 8.0 .
Water for Injection USP g.s. to 600 Liters  q.s. to 5500 Liters Optical Puri NMT 1.0% ’ o
Nitrogen NF® AR AR ptical Purity e
& o o Related Substances:
) ) 30
d-5. = Quantity sufficient A. Individual A. NMT 0.5%
AR. = As required ) ) )
Factored to 100% basis. B. Total B. NMT 1.0%
N . Sodium Chloride 90.0%-110.0%
The final pH range of the finished product is 4.5-7.0. (8.1 mg/m1.-9.9 mg/mL)
. . . . . . . Particulate Matter NMT 25/mL 3 10 mm
Nitrogen is used to displace air during manufacturing (i.e. NMT 3/mL 2 25
. . 35 m mm
to blanket the formulation and to fill the vial headspace). Sterility Meets USP requirements
Bacterial Endotoxin NMT 0.08 EU/mL
TABLE 11
Batch Formula for 4 pg/mL Premixed Dexmedetomidine
Hydrochloride Composition, 50 & 100 mL 40 Example 6
Registration Maximum Stopper Selection for Glass Vials
Stability Batch Commercial Batch
Component Size: Size: o .

— The objective was to have three presentations of Prece-
Dexmedetomidine HCI 472 mg 33.04 mg 45 dex® (dexmedetomidine hydrochloride, Hospira, Inc., Lake
Sodium Chloride 9g 63 g ) | .

Water for Injection USP g.s. to 1000 Liters  g.s. to 7000 Liters Forest, I1I.) premix Injection 4 pg/mlL: 20 mL, 50 mL and 100
Nitrogen NF? AR. AR. mL. Precedex® concentrate Injection 100 pg/ml. is currently
- - marketed in 2 mL glass vial with West 4416 Teflon coated

q.s. = Quantity sufficient . . .
AR. = As required elastomer stopper (West Pharmaceutical Services, Inc., Lion-

Factored to 100% basis. 30 ville, Pa.).
The final pH range of the finished drug product is 4.5-7.0. Uncoated infusion stoppers, were evaluated. 28 mm Hel-
Nitrogen is used to displace air during manufacturing (i.e. voet 5330 rubber stopper (Helvoet Pharma, Datwyler USA,
to blanket the formulation and to fill the vial headspace). Pennsauken, N.J.), EDPM rubber stoppers (EPSI, Franks-
In-Process Specification s Vllle., Wis.) agd West 4432 ela.stome.r stoppers (West Ph?@a-
Examples of in-process controls during the manufacturing ceutical Services, Inc.) were investigated. During feasibility
process for the 4 pg/mL premixed dexmedetomidine compo- ~ testing loss of potency and stopper extractables were
sition are presented in Table 12. observed. The performance of coated stoppers was compared
with that of uncoated stoppers (West 4432 and Helvoet 5330)
TABLE 12 60 Py conducting feasibility studies on West 4588/40 Fluoro-
. Tec® elastomer stoppers (West Pharmaceutical Services,
In-Process Specification . . .

Inc., Lionville, Pa.). Results showed a clear benefit to using a
In-Process Procedures In-Process coated stopper vs. the uncoated stopper. The potency
Unit Operation Control/Test or Methods Limit remained stable with the coated stopper. Hence for Prece-
Solution Preparation  pH USP <791> 45-7.0 65 fiex® Inj ectiqn, .it was planned to implement coated stoppers
(Compounding) Assay HPLC 94-106% in order to mimic the current product and prevent any drug

adsorption.
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Helvoet FM 259/0 OmniflexPlus® fluoropolymer coated
rubber stoppers (Helvoet Pharma, Datwyler USA, Penn-
sauken, N.J.) were evaluated. Chemical compatibility testing
was favorable; upon autoclave no change in potency or pH
was observed and no significant amount of impurities
detected. The OmniflexPlus® coated stopper from Helvoet,
was examined for determining the self sealing characteristics
of' the stopper when penetrated multiple times with hypoder-
mic needle. This is a dye ingress test. The new stopper/vial/
3-piece overseal combination passed this test. Helvoet Omni-
flexPlus® coated stopper passed the Rocky Mount pressure
test at the required 80 psi criterion. These stoppers, vials and
overseals were also evaluated by Tech Ops for functional
testing to confirm that the stoppers can be pierced without
being pushed into the vial. All testing indicated that the stop-
pers are acceptable for use.

Feasibility stability studies were conducted by preparing a
batch of Precedex® Injection 4 png/ml. and filling into 50 mL
vials with the Helvoet OmniflexPlus® stoppers followed by
autoclaving. Samples were stored under accelerated (40°
C./75% relative humidity, inverted) and long term (25°
C./60% relative humidity) conditions. Initial testing showed
no loss in potency, no change in pH, and virtually no measur-
able impurities. The 1 month stability testing of samples
stored inverted at 40° C. showed slight drop in potency (2%).
This trend in potency drop continued at 2 months under
accelerated conditions with further 2% drop in potency. After
3 months under accelerated conditions the potency values
remain unchanged as compared to that of 2 months, indicat-
ing that potency values have leveled off. Similar trend in drop
of potency during the first three months of storage was
observed for long term stability conditions (25° C./60% rela-
tive humidity) but the percent drop was less. The total percent
drop in potency over three months under long term conditions
was 1.1%. Stability testing at 4 and 5 months for samples
stored under accelerated and long term conditions confirmed
that potency values had almost leveled oft, with small drop in
potency values. During 1 month impurity testing numerous
small impurity peaks that totaled over 0.5% of the drug peak
were observed. A placebo batch was prepared to confirm
whether the peaks are related to the stopper or the drug.
Results indicated that impurities were related to the stopper.

Plastic vials were also evaluated for Precedex® premix
Injection 4 meg/mL.. Two types of plastic vials were used: CZ
resin and poly propylene vials. West 4432 Teflon coated 20
mm elastomer stopper (West Pharmaceutical Services, Inc.)
was used for both the plastic vials. The pH, potency and
impurities of Precedex® Injection 4 meg/ml. filled in plastic
vials and stored under accelerated conditions over a period of
3 months was determined. Similar trend in potency drop was
observed. The total % impurities were found to increase over
a period of 3 months for both CZ resin vials and polypropy-
lene vials, but the total % of impurities of CZ resin vials was
less than that of polypropylene vials. CZ resin vials were
found to better as compared to polypropylene vials in terms of
drop in potency and total impurities.

Since the drug is present at such a low concentration 4
pg/mlL., even ppb levels of impurities would have a significant
contribution toward the impurity limit. Moreover the Prece-
dex® related substances method was developed to detect
organic impurities at ppb levels. This method requires detec-
tion at non-discriminating low wavelength of 210 nm and
high injection volume of 500 pl, which render it highly sen-
sitive to detect any organic impurity, including stopper
extractables.
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Extractables
West 4432/50 Teflon 2 Coated Elastomer Stoppers (West
Pharmaceutical Services, Inc.)

The West 4432/50 Teflon 2 coated elastomer stopper, 20
mm is used for Precedex® Injection 4 png/ml., 20 mL presen-
tation. The stoppers have been qualified for use based on the
results of compendial biological, physiochemical and other
characterization tests. The related substance testing of Prece-
dex® Injection has not shown any unidentified peaks that
exceed the specification of NMT 0.2%, suggesting that
extractables are not an issue for Precedex® Injection in this
container closure system.

Helvoet FM 259/0 Omniflex® Fluoropolymer Coated Rub-
ber Stoppers (Helvoet Pharma, Datwyler USA, Pennsauken,
N.J)

The Helvoet Omniflex® fluoropolymer coated FM259/0
gray bromobutyl 28 mm rubber stoppers (Helvoet Pharma,
Datwyler USA, Pennsauken, N.J.) (ready-to-use) are used for
Precedex® Injection 4 pg/ml., 50 and 100 mL presentations.
The stoppers have been qualified for use based on the results
of compendial biological, physiochemical and other charac-
terization tests performed

During related substances analysis of the exhibit batches of
Precedex® 4 pg/ml. Injection, unidentified impurity peaks
were observed in chromatograms of 50 and 100 mL presen-
tation samples. During investigation of the source of chemical
constituents responsible for the ‘unidentified impurity
peaks’, it was found that these peaks also appeared in chro-
matograms of 0.9% NaCl placebo formulation filled into 50
ml, vials with Helvoet FM259/0 rubber stoppers (Helvoet
Pharma, Datwyler USA, Pennsauken, N.J.), but were absent
in those of 0.9% NaCl placebo formulation filled into glass
ampoules. Additionally identical peaks were observed in
chromatograms of Helvoet FM259/0O rubber stopper (Hel-
voet Pharma, Datwyler USA, Pennsauken, N.J.) extract solu-
tion analyzed by Precedex® related substances method. The
extract was prepared by autoclaving (121° C. for 60 minutes)
30 stoppers in 300 mL purified water, yielding an extract of 2
cm? stopper surface area per mL water. The results from these
investigative studies confirmed that ‘unidentified impurity
peaks’ observed at specific relative retention times were not
dexmedetomidine HCI related, but were extractables from
Helvoet rubber stoppers used in the container/closure system.
It was expected that stopper extractables would be detected at
such low limits of detection, i.e. ppb levels, as a highly sen-
sitive LC-UV 210 nm related substances method was used for
a highly potent very low concentration (4 pg/ml) product.

The chemical constituents responsible for peaks in specific
relative retention times were determined to be extractables
from 28 mm Helvoet FM259/0 rubber stoppers (Helvoet
Pharma, Datwyler USA, Pennsauken, N.J.), part of container
closure system for Precedex® Injection 50 and 100 mlL.
Moreover no peaks were found in these specific relative reten-
tion times in chromatograms of forced degradation samples
of dexmedetomidine HCI or Precedex® Injection filled in
ampoules. Hence in the calculation of single largest related
substance and total related substances, peaks in relative reten-
tion time ranges: 0.71-0.80, 1.10-1.30, 1.50-1.80 are
excluded.

In an effort to quantify the highest levels of observed indi-
vidual extractable and total extractable, dexmedetomidine
HCl was used as a surrogate standard for all stopper extract-
ables. Since, the Helvoet FM259/0 rubber stopper (Helvoet
Pharma, Datwyler USA, Pennsauken, N.J.) extractables
responsible for the peaks in Precedex® related substances
profile could not be identified. Through 6 months stability
testing the highest % of extractables was observed in Prece-
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dex® stability samples stored at 30° C./65% relative humidity
for 3 months. The largest individual extractable % peak area
was found to be 0.95% or 38 ppb and total extractable % peak
area, calculated by adding the % peak areas of all the peaks in
the RRT of 0.71-0.80, 1.10-1.30, 1.55-1.80, was found to be
2.7% or 108 ppb.

Helvoet FM259/0 rubber stoppers (Helvoet Pharma,
Datwyler USA, Pennsauken, N.J.) passed the ‘Elastomeric
Closures for Injections’ testing. As per Helvoet technical
documentation the total amount of extractables was deter-
mine to be 0.8 mg/100 mL or 8 ppm for a total surface area of
100 cm®. The surface area of a 28 mm Helvoet stopper is
approximately 6.45 cm?®, the total acceptable amount of
extractable for each 28 mm Helvoet FM259/0 rubber stopper
(Helvoet Pharma, Datwyler USA, Pennsauken, N.J.) on an
average would be 0.05 mg/100 mL or 500 ppb. Additionally
as per USP the total organic content of purified water should
not exceed 0.5 mg/LL or 500 ppb. The highest levels of
observed extractables in Precedex® Injection are at least 5
times lower than the acceptable levels of extractable in puri-
fied water and acceptable levels of extractable in the qualified
Helvoet stoppers.

USP “In vitro cytotoxicity test’ and USP ‘Intracutaneous
test and systemic injection test’ were performed on Helvoet
stopper extracts. The results show that stoppers meet the
requirements of these tests, confirming the safety of the stop-
pers and any stopper related extractables. The ‘In vitro cyto-
toxicity test” was repeated for Helvoet 28 mm stoppers that
were used in the exhibit batch to demonstrate the safety of the
stoppers. The stopper extract was prepared by autoclaving the
stoppers at 121° C. for 1 hour in 0.9% NaCl yielding an
extract of 2 cm? stopper surface area per mL water. This
extraction condition closely mimics Precedex® Injection
manufacturing conditions and also meets the extraction
requirements of USP ‘In vitro cytotoxicity test’ testing. Pre-
cedex® injection is formulated in 0.9% NaCl and the final
product i.e. Precedex® Injection in container-closure is auto-
claved at 121° C. for 20-40 minutes. Additionally while inves-
tigating the source of ‘unidentified impurity peaks’ Helvoet
FM259/0 rubber stopper (Helvoet Pharma, Datwyler USA,
Pennsauken, N.J.) aqueous extracts were prepared by auto-
claving the stoppers at 121° C. for one hour and then tested by
the Precedex® related substances method. The results dem-
onstrated that the chemical constituents responsible for the
peaks were also present in the Helvoet FM259/0O rubber
stopper (Helvoet Pharma, Datwyler USA, Pennsauken, N.J.)
aqueous extracts. The stoppers passed the USP 87 testing
indicating that the stopper extractables are non cytotoxic.

According to Helvoet Pharma, Helvoet FM259/0 Omni-
flex® fluoropolymer coated rubber stoppers (Helvoet
Pharma, Datwyler USA, Pennsauken, N.J.) have been used
for other marketed products, and there have been no reported
cases of toxicity issues arising due to stopper extractables.
Identification of Extractables

Diligent efforts were made to characterize and identify the
extractables. Helvoet’s extractables report lists a number of
potential extractable compounds. From Helvoet’s list, the
most likely to be responsible for the peaks observed in the
Precedex® chromatograms were selected:

BHT

Irganox-1076

Irganox-1010

Stearic Acid

Palmitic Acid

Sulphur

Samples of these compounds were obtained, and solutions
were prepared and injected into an HPLC using the Prece-
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dex® related substances method. None of these compounds
matched the relative retention time of the stopper extractable
peaks in Precedex® sample chromatograms. In general, the
substances listed above are all too hydrophobic (retained too
long on the C18 column with the isocratic mobile phase that
is used for the method, 40% aqueous phosphate buffer pH
7.0/60% methanol).

Since these peaks were also observed in the chromato-
grams of Helvoet FM259/0 rubber stopper (Helvoet Pharma,
Datwyler USA, Pennsauken, N.J.) extract solution, a concen-
trated stopper extract solution was prepared by first by auto-
claving a large number of stoppers in purified water, and then
concentrating the extract by liquid-liquid extraction into
dichloromethane and then rotovaping and re-suspending the
residue into a small volume of methanol/water. LC-UV
analysis of this concentrated stopper extract show the same
peaks of interest as observed in Precedex® chromatogram,
but at much higher levels (approx 100 times larger peak size).
This concentrated extract solution was then analyzed by LC-
MS using the Waters Q-TOF instrument with the electrospray
source in positive ion mode and observed at least one of the
peaks of interest in the mass spec TIC chromatogram; the
mass spectrum of the peak has been obtained and appears to
have what might be the molecular ion peak at m/z 158; exact
mass analysis of this peak and its pattern of isotope peaks
predicts some empirical formulas. Compounds with these
empirical formula and known usage in the rubber industry
were tested but without success.

Solvent extracts of the stoppers were prepared and ana-
lyzed by gas chromatography-mass spectrometry. Analysis
revealed the presence of two low molecular weight rubber
oligomers previously reported by Helvoet. These oligomers
are not commercially available for identification confirma-
tion; however, their hydrophobic character makes it unlikely
that they would elute near dexmedetomidine in the related
substances HPLC method.

A pure extractable sample was isolated by combining mul-
tiple fractions collected from repeated HPL.C separations of a
stopper extract. Attempts to obtain an EI+ mass spectrum by
direct probe mass spectrometry and gas chromatography-
mass spectrometry were unsuccessful, suggesting that the
stopper extractable is nonvolatile and possibly thermally
labile.

The pure extractable sample was analyzed by IR and
elemental analysis. Both of these techniques suggested that
the extractable contains only carbon, oxygen and hydrogen.
No indication of nitrogen, sulfur or any other heteroatom was
observed.

The chemical additives that perform variety of functions,
including plasticizers, fillers, etc are the most significant
source of chemical entities observed as extractables. There
are several reasons which makes identifying the extractables
challenging and at times impossible. Each functional additive
category contains representatives from several molecular
structures. For example, consider the category of anti-
degradants, subcategory antioxidants, which includes aro-
matic amines, sterically hindered phenols, phosphites, phos-
phonites, and thioethers. To further complicate the picture,
chemical additives are often not pure compounds but mix-
tures of related structures. For examples “Abietic Acid”
which is an organic chemical filler used in certain types of
rubber, in reality is a complex mixture of chemical entities, all
of which could appear as extractables/leachables. Chemical
additives can also react and degrade within the rubber/poly-
mer matrix during or subsequent to compounding process. As
an example of this consider, the trivalent phosphorus, or phos-
phate antioxidant, a common tradename for which is Irgafos
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168. This compound reacts with and thereby destroys oxidiz-
ing agents, such as hydroperoxides, to form the correspond-
ing pentavalent phosphorus species, or phosphate.

In addition to the foregoing, the following must also be
considered when analyzing extractables/leachables:

Monomers and high molecular weight oligomers derived

from incomplete polymerization reactions.

Surface residues, such as heavy oils and degreasing agents

on the surface of metal canisters and containers.

Chemical additives on the surfaces of container closure

component fabrication machinery, such as mould
release agents, antistatic and antislip agents, etc.

The present invention is not to be limited in scope by the
specific embodiments described herein. Indeed, various
modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from
the foregoing description. Such modifications are intended to
fall within the scope of the appended claims.

Patents, patent applications, publications, product descrip-
tions, and protocols are cited throughout this application, the
disclosures of which are incorporated herein by reference in
their entireties for all purposes.

What is claimed is:

1. A method of providing sedation to a patient in need
thereof, the method comprising administering to the patient
an effective amount of a composition, wherein the composi-
tion comprises dexmedetomidine or a pharmaceutically
acceptable salt thereof at a concentration of about 0.005 to
about 50 pg/ml., wherein the composition is a ready to use
liquid pharmaceutical composition for parenteral administra-
tion to the patient disposed within a sealed glass container.
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2. The method of claim 1, wherein the dexmedetomidine or
pharmaceutically acceptable salt thereofis ata concentration
of'about 0.05 to about 15 pg/mL.

3. The method of claim 1, wherein the dexmedetomidine or
pharmaceutically acceptable salt thereofis ata concentration
of'about 0.5 to about 10 pg/ml..

4. The method of claim 1, wherein the dexmedetomidine or
pharmaceutically acceptable salt thereofis ata concentration
of'about 1 to about 7 pg/mlL..

5. The method of claim 1, wherein the dexmedetomidine or
pharmaceutically acceptable salt thereofis ata concentration
of'about 4 ng/ml..

6. The method of claim 1, wherein the composition is
administered perioperatively.

7. The method of claim 6, wherein the composition is
administered before or after surgery.

8. The method of claim 1, wherein the composition is
administered to the patient in an intensive care unit.

9. The method of claim 1, wherein the patient is non-
ventilated or intubated.

10. The method of claim 1, wherein the patient is critically
ill.

11. The method of claim 1, wherein the composition is
administered by an intravenous infusion.

12. The method of claim 1, wherein the composition is
administered as an anxiolytic.

13. The method of claim 1, wherein the composition is
administered as an adjunct to an anesthetic.

14. The method of claim 1, wherein the composition is
administered as an analgesic.

15. The method of claim 1, wherein the composition is
administered as an anti-hypertensive agent.

ok ok k%
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,455,527 Bl Page 1of2
APPLICATION NO. :13/678148

DATED : June 4, 2013

INVENTOR(S) : Priyanka Roychowdhury and Robert A. Cedergren

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

At Column 15, Lines 27-44, please replace the paragraph and the chemical formula with the following
paragraph and formula:

--The pH of the premixed dexmedetomidine composition formulation can affect the adsorption of
dexmedetomidine molecule. The free base form of dexmedetomidine is more adsorptive. At lower
pH ~ 4.0, most of the dexmedetomidine is in the ionized form, which minimized adsorption and
thereby loss in potency. Buffered formulations were tested to determine whether loss of potency in
flex bags can be minimized.

:I"‘ 11T

Signed and Sealed this
Fourteenth Day of February, 2017

Michelle K. Lee
Director of the United States Patent and Trademark Office
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CERTIFICATE OF CORRECTION (continued)

U.S. Pat. No. 8,455,527 B1

Column 20, Lines 15-38, please delete Table 13 and replace with the following Table 13:

Table 13 Fremrined Dexmedetomidine Compesicion Specificatios

"Test

Acceptauce CUriteria

Nohtion te clear. ' Sobatbon does wot ontadinn ohe O mpore

Clarity partrles vistbde Spen atrentive inspectisn
S 0% - FIR 0%

A EEA 00 memL — 1i0 megmLy

Cuofar Cotortess

‘ pH B A 1
Eabiel Cladrmr -Acceprabile Range
20mE 5= 235 mL
STkl 00—~ 345 mL

Yilime BEF IR 1035 308 O ml,

Crprdeat Pudts

NMT §.0%

Betared Suhstances:

A Faefividaal

B Total

A NMT 5%
BONMT 0%

Sadium C\I}fﬂ_ﬁ&-ﬁ

o O - 110005

X gl 38 meanil

Barticutares Natter

TRAT 258mE. P W

WNHT 3 ¥ 2% mm

Sterifipy

Meess USF requireraents

Bacteriat Todotonin

BT O8 EXfamE
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

HOSPIRA, INC. and ORION
CORPORATION,

Plaintiffs,

V.
C.A. No. 14-487-GMS
EUROHEALTH INTERNATIONAL SARL
and WEST-WARD PHARMACEUTICAL
CORP.,

Defendants.

HOSPIRA, INC. and ORION
CORPORATION,

Plaintiffs,

V.
C.A. No. 14-1008-GMS
EUROHEALTH INTERNATIONAL SARL
and WEST-WARD PHARMACEUTICAL
CORP.,

Defendants.

N N N N N N N N N N N N N N N N N N N N N N N N N N N

SECOND AMENDED JOINT CLAIM CONSTRUCTION CHART

Pursuant to Paragraph 3 of the Scheduling Order (D.lI. 31), Plaintiffs Hospira, Inc. and
Orion Corporation and Defendants Eurohealth International SARL and West-Ward
Pharmaceutical Corp., hereby submit this Amended Joint Claim Construction Chart, attached
hereto as Exhibit A, in preparation for the claim construction hearing scheduled in this matter.
The parties certify that in accordance with the Scheduling Order they met and conferred on July

20, 2015 and thereafter in order to narrow the number of claim construction issues in this matter.
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This Chart addresses the claim construction positions of the parties regarding U.S. Patent
No. 6,716,867 (“the *867 patent”) and the parties agree that any terms in the asserted claims of
the *867 patent not appearing in Exhibit A do not require construction by the Court. The parties

reserve their right to update and/or supplement their proposed claim constructions with the

Markman briefing in this case.

Respectfully submitted,

By: /s/ Sarah E. Hickie

John M. Seaman (#3868)

Sarah E. Hickie (#5833)
ABRAMS & BAYLISS LLP

20 Montchanin Road, Suite 200
Wilmington, DE 19807

Tel: (302) 778-1000

Fax: (302) 778-1001
seaman@abramsbayliss.com
hickie@abramsbayliss.com

OF COUNSEL.:

Thomas J. Meloro

Heather M. Schneider

Dan Constantinescu

WILLKIE FARR & GALLAGHER LLP
787 Seventh Avenue

New York, NY 10019

Telephone: (212) 728-8000
tmeloro@willkie.com
hschneider@willkie.com
dconstantinescu@willkie.com

Attorneys for Plaintiffs Hospira, Inc. and
Orion Corporation

By: /s/ Karen E. Keller

Karen E. Keller (1.D. #4489)
Jeffrey T. Castellano (1.D. #4837)
David M. Fry (1.D. #5486)
SHAW KELLER LLP

300 Delaware Avenue, Suite 1120
Wilmington, DE 19801

(302) 298 0700
kkeller@shawkeller.com
jcastellano@shawkeller.com
dfry@shawkeller.com

OF COUNSEL.:

William G. James
GOODWIN PROCTER LLP
901 New York Ave., NW
Washington, DC 20001
(202) 346-4000

Cynthia Lambert Hardman
Brian J. Prew

GOODWIN PROCTER LLP
The New York Times Building
620 Eighth Avenue

New York, NY 10018

(212) 459-7199

Attorneys for Defendants Eurohealth
International SARL and West-Ward
Pharmaceutical Corp.
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EXHIBIT A

Joint Claim Construction Chart for U.S. Patent No. 6,716,867 (“the 867 patent™)

Hospira, Inc. et al. v. Eurohealth Int’l SRL et al.,
Civil Action Nos. 14-487, 14-1008 (GMS)

Claim Term Plaintiffs’ Proposed Construction Defendants’ Proposed Construction
1-2,4-12 | “effective amount” | Agreed upon construction: “an amount sufficient to produce the desired effect”

1-12 “patient” Agreed upon construction: “human or animal patient”

1-12 “remains” Agreed upon construction: “continues to be”

1-12 “intensive care Agreed upon construction: “any setting that provides care to critically ill patients, typically
unit” characterized by high nurse-to-patient ratios, continuous medical supervision, and intensive

monitoring”

1-12 “sedating a patient | Agreed upon construction: “rendering a patient calm and managing patient comfort in any setting
in an intensive care | that provides care to critically ill patients, typically characterized by high nurse-to-patient ratios,
unit” continuous medical supervision, and intensive monitoring”

1-12 “arousable and Aagreed upon construction: “capable of being awakened, aware of one’s environment, and able to
orientated” interact with others”

1-12 “dexmedetomidine” | “substantially pure, optically active “substantially pure, optically active dextrorotary

dextrorotary stereoisomer of medetomidine,
as the free base or pharmaceutically
acceptable salt”

stereoisomer of medetomidine, as the free base”

Intrinsic Evidence

Intrinsic Evidence "867 Patent: See, €.9.,

col. 1, Il. 12-14, (“The present invention relates to
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867 Patent Specification

See, e.g., ’867 patent at 2:66-3:8; 3:19-20;
5:31-40; 5:53-55; 7:4-6; 7:62-64

Prosecution History of the 867 Patent

PRECEDEX00371797).

See, e.g., Amendment dated August 9,
2002 (JNT-PRECEDEX00371768);
Amendment and Request for Continued
Examination dated May 2, 2003 (JNT-

the use of dexmedetomidine or a pharmaceutically
acceptable salt thereof in intensive care unit (ICU)
sedation.”);

col. 1, II. 19-22, (*Accordingly, the present
invention relates to a method of sedating a patient
while in the ICU by administering
dexmedetomidine or a pharmaceutically
acceptable salt thereof.”);

col. 5, Il. 5-7 (*Dexmedetomidine or a
pharmaceutically acceptable salt thereof can be
administered perorally, transmucosally,
transdermally, intravenously or intramuscularly.”);

col. 5, Il. 31-32 (“The chemical form for
dexmedetomidine can be the free base or an acid
addition salt”);

claims 1-5 (“dexmedetomidine or a
pharmaceutically acceptable salt thereof”); see
also

col. 2, 1. 66 to col. 3, 1.10 (“Dexmedetomidine, or
(+)-(S)-4-[1-(2,3-dimethylphenyl) ethyl]-1H-
imidaZole, has the following formula:

Hi, H

“H-
CHsx

T

col. 3, Il. 19-23, (*Medetomidine, which is the
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racemic mixture of dexmedetomidine and
levomedetomidine, is known as a selective and
potent a2-agonist and has been described in US.
Pat. No. 4,544,664 as an antihypertensive agent
and in US. Pat. No. 4,670,455 as a veterinary
sedative-analgesic agent.”)

col. 14, 1l. 13-50, (Claims 1 through 12)

6-12

“loading dose”

“a dose that may be given at the onset of
therapy with the aim of achieving the target
concentration rapidly and that is distinct
from, and comparatively larger than, its
associated maintenance dose”

Intrinsic Evidence

867 Patent Specification

See, e.g., '867 patent at 5:5-31; 5:53-6:5;
6:61-7:9; 7:57-8:7; 8:59-62; 9:5-9; 9:23-26;
9:50-54; 10:6-11; 10:41-43; 11:20-22;
11:48-51; 12:23-25; 13:2-4; see generally
Examples 1-3 (5:45-13:52).

“dose administered to achieve a target
concentration”

Intrinsic Evidence

"867 Patent: See, e.g,

claims 8-12 (claiming overlapping ranges for
loading and maintenance dose); see also

col. 5, II. 14-30 (“The dose range of
dexmedetomidine can be described as target
plasma concentrations. The plasma concentration
range anticipated to provide sedation in the patient
population in the ICU varies between 0.1-2 ng/ml
depending on the desired level of sedation and the
general condition of the patient. These plasma
concentrations can be achieved by intravenous
administration by using a bolus dose and
continuing it by a steady maintenance infusion.
For example, the dose range for the bolus to
achieve the forementioned plasma concentration
range in a human is about 0.2-2 ug/kg . . . to be
administered in about 10 minutes or slower,
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followed by a maintenance dose of about 0.1-2.0
ug/kg/h....”);

see generally Examples 1-3 (5:45-13:52), including:

Example 3, at col. 11, 1. 6-10 (“A
dexmedetomidine loading dose (0.4 pg/kg/h) was
administered with propofol 20 mg at
approximately 25 minutes after arrival in the ICU
and was followed by infusions of
dexmedetomidine 0.7 pg/kg/h and propofol 4
mg/kg/h.”); c.f.

id. at col. 9, Il. 38-40 (*“A dexmnedetomidine][sic]
infusion (0.5 to 0.7 pg/kg/h) was started when the
patient arrived in the ICU”) (no mention of
loading dose as distinct from maintenance dose);

id. at col. 12, Il. 11-13 (“The dexmedetomidine
infusion was maintained between 0.3 and 0.7
po/kg/h and no additional sedatives were
required.”) (no mention of distinct loading dose).

6-12

“maintenance dose”

“a dose given as a continuous infusion that
may be titrated in order to maintain the
desired effect”

Intrinsic Evidence

See, e.g., ’867 patent at 5:5-31; 5:53-6:5;
6:61-7:9; 7:57-8:7; 8:59-62; 9:5-9; 9:23-26;
9:50-54; 10:6-11; 10:41-43; 11:20-22;
11:48-51; 12:23-25; 13:2-4; see generally

“dose administered to maintain a target
concentration or desired effect”

Intrinsic Evidence

"867 Patent: See, e.g,

claims 8-12 (claiming overlapping ranges for
loading and maintenance dose); see also
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Examples 1-3 (5:45-13:52).

col. 5, Il. 5-7 (*Dexmedetomidine or a
pharmaceutically acceptable salt thereof can be
administered perorally, transmucosally,
transdermally, intravenously or intramuscularly.”)

id. at col. 5, Il. 14-30 (*The dose range of
dexmedetomidine can be described as target
plasma concentrations. The plasma concentration
range anticipated to provide sedation in the patient
population in the ICU varies between 0.1-2 ng/ml
depending on the desired level of sedation and the
general condition of the patient. These plasma
concentrations can be achieved by intravenous
administration by using a bolus dose and
continuing it by a steady maintenance infusion.
For example, the dose range for the bolus to
achieve the forementioned plasma concentration
range in a human is about 0.2-2 ug/kg . . . to be
administered in about 10 minutes or slower,
followed by a maintenance dose of about 0.1-2.0
ug/kg/h....”);

see generally Examples 1-3 (5:45-13:52), including:

Example 1 col. 5, I. 67 —col. 6, I. 5 (“After the
clinical effects of sedation became evident
(approximately within 15 to 30 minutes) the
maintenance rate of infusion could be adjusted in
increments of 0.1 ug/kg/h or higher to achieve and
maintain a Ramsey Sedation Score level of 3 or
higher (see FIG. 1).”)

Example 3, col. 7, 1. 67 — col. 8, I. 5 (“For both
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parts of the study, following the initial
maintenance infusion, the rate of infusion could
have been adjusted in increments of 0.1 pg/kg/h or
higher. The infusion rate during intubation was to
have been maintained in the range of 0.2 to 0.7
ug/kg/h in order to achieve and maintain a Ramsey
Sedation Score of 3 or higher.”)

id. at col. 11, II. 6-10 (*A dexmedetomidine
loading dose (0.4 pg/kg/h) was administered with
propofol 20 mg at approximately 25 minutes after
arrival in the ICU and was followed by infusions
of dexmedetomidine 0.7 pg/kg/h and propofol 4
mg/kg/h.”); c.f.

id. at col. 9, Il. 38-40 (“A dexmnedetomidine][sic]
infusion (0.5 to 0.7 pg/kg/h) was started when the
patient arrived in the ICU”) (no mention of
loading dose as distinct from maintenance dose);

id. at col. 12, Il. 11-13 (“The dexmedetomidine
infusion was maintained between 0.3 and 0.7
po/kg/h and no additional sedatives were
required.”) (no mention of distinct loading dose).
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NOT FOR PUBLICATION

UNITED STATES DISTRICT COURT
DISTRICT OF NEW JERSEY

HOSPIRA, INC., et al. : CIVIL ACTION NO. 09-4591 (MLC)

Plaintiffs, : DRAFT MARKMAN OPINION
v.

SANDOZ, INC., et al.

Defendants. :

COOPER, District Judge
The Court’s Draft Construction of the Term “Intensive Care”

Although the parties used the term “intensive care” in two
definitions under United States Patent No. 6,716,867 (“the ’867
Patent”), they did not define it. (See id. at 4 (“The parties do
not dispute the construction of any terms of the Patents-In-
Suit.”).) Because the Court has determined that it must define
this term before resoclving the Motions, it will now construe it.

The Court begins by noting the “‘heavy presumption’ “that a

6]

claim term carries its ordinary and customary meaning.” CC

Fitness Inc. v. Brunswick Corp., 288 F.3d 1359, 1366 (Fed. Cir.

2002). The ordinary and customary meaning of a claim term is the
meaning a “person of ordinary skill in the art in question” (a
“POSITA”) would assign such term on the patent’s priority date.

Phillips v. AWH Corp., 415 F.3d 1303, 1313 (Fed. Cir. 2005). A

POSITA is deemed to interpret the claim term in the context of
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the entire patent, including the specification. Id. Claims
terms carry thelr ordinary and customary meanings unless
otherwise indicated in the patent specification or file history.

Wolverine Worldwide, Inc. v. Nike, Inc., 38 F.3d 1192, 1196 (Fed.

Cir. 1994).

“To ascertain the scope and meaning of the asserted claims,
we look to the words of the claims themselves, the specification,
the prosecution history, and any relevant extrinsic evidence.”

A

Retractable Techs., Inc. v. Becton, Dicksinon & Co., 653 F.3d

1296, 1303 (Fed. Cir. 2011), rehearing and rehearing en banc

denied, 659 F.3d 1369. The Court first looks to the intrinsic
evidence of record, which includes the patent’s claims,
specification, and complete prosecution history. Markman, 52
F.3d at 978. Such intrinsic evidence is the most significant
source of the legally operative meaning of disputed claim

language. Vitronic Corp. v. Conceptronic, Inc., 90 F.3d 1576,

1583 (Fed. Cir. 1996). The specification is “always highly
relevant to the claim construction analysis” and is “the single

best guide to the meaning of a disputed term.” Honeywell Int’l,

Inc. v. ITT Indus., Inc., 452 F.3d 1312, 1318 (Fed. Cir. 2006)

(internal quotation marks omitted). The specification may
contain an intentional disclaimer or a disavowal of claim sccpe
by the inventor, whereby the inventor’s intention, expressed 1in

the specification, is dispositive. Phillips, 415 F.3d at 1316.
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It is, however, improper to read a limitation from the

specification into the claims. Teleflex, Inc. v. Ficosa N. Am.

Corp., 299 F.3d 1313, 1326 (Fed. Cir. 2002).

In some instances, the ordinary meaning of claim language,
as understood by a POSITA, will be readily apparent to the Court
after reviewing the intrinsic evidence. Ih such instances, claim
construction will involve simply applying the widely accepted
meanings of commonly understood words. Phillips, 415 F.3d at
1314. In other circumstances, however, the Court may consider
extrinsic evidence, such as “expert and inventor testimony,
dictionaries, and learned treatises.” 1d. In general, such
evidence is less reliable than its intrinsic counterparts. Id.
at 1318. Notably, “heavy reliance on the dicticnary divorced
from the intrinsic evidence risks transforming the meaning of the
claim term to the artisan into the meaning of the term in the
abstract, out of its particular context, which 1s the
specification.” Id. at 1321. Further, unsupported assertions by
experts as to the definition of a claim term are not useful, and
the after-the-fact testimony of the inventor is accorded little
if any weight in the claim construction inguiry. Id. at 1318,

The term that actually appears in the '867 Patent claims is
“intensive care unit.” The parties have stipulated that an
“intensive care unit” is “any setting that provides intensive

care”, but failed to define “intensive care”.

J.A49



Case 1:18-cv-00303-RGA Document 59 Filed 10/15/18 Page 52 of 108 PagelD #: 1351

The Court begins its claim construction inquiry by examining
the intrinsic evidence of record. While the 867 Patent claims
and related prosecution history do not help to define “intensive
care”, the’867 Patent specification provides some guidance. In
the specification, Plaintiffs repeatedly refer to sedating
patients that suffer from “critical illness” and sedating
“Yecritically ill patients”. (See, e.g., '867 Patent at col. 1 at
32, 43.) In Example 3, the specification details sixteen cases
of sedation of “critically 111 patients”, describing Phase III
trials of dexmedetomidine and “the benefits of dexmedetomidine
sedation in critically ill patients.” (Id. at col. 8 at line 47
- ¢col. 13 at line 54.) The specification provides that each of
the sixteen “critically 111”7 patients was admitted to an “ICU”,
i.e., an intensive care unit, either preoperatively or
postoperatively, and underwent some form of surgery. (Id.) The
specification does not, however, disclose whether these patients
underwent surgery because they wefe “critically 111" or whether
they were considered“critically ill” because they underwent
surgery. It also fails to disclose the type of nursing care
provided to these patients or, more generally, the quality of
perioperative care provided, except inasmuch as it discloses the
administration of dexmedetomidine, analgesics, and other

sedatives. (Id.)
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Because examination of the intrinsic evidence does not
render a clear definition of “intensive care”, the Court next
turns to extrinsic evidence. During discovery, the parties
solicited deposition regarding the definition of “intensive
care”. Romeo Bachand, one of the named inventors cf the '867
Patent, testified that “intensive care is a unit or a place where
people get total care, human care, not procedural care.” (Dkt.
entry no. 229-12, Bachand Dep. at 164.) He explained that
“intensive care{,] by i1ts meaning in the [199%0s] . . . had to do
with care, and the care was with generally the ratio of patients
to nurses taking care of the total patient.” (Id. at 162.)
Bachand further explained that preoperative and postoperative
surgical care are more closely related to the underlying surgical
procedure than to intensive care. (Id. at 163.)

Plaintiffs’ expert witness, Michael Ramsey, M.D., testified

144 W

that a “setting that provides intensive care would be an area
where the patient is intensively monitored for a period of time
until the condition that had taken the patient to that unit had
resolved or the need for intensive care monitoring, intensive
monitoring had passed.” (Dkt. entry no. 229-7, Ramsay Dep. at
64.) Ramsay defined “intensive monitoring” as “[olne-on-one or
two~to-one nursing care, continual monitoring of wvital signs,

immediate availability of support systems.” (Id. at 65.) He

testified that a patient could receive such monitoring in many
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areas of a hospital, including an intensive care unit, an
operating room, or a postoperative recovery area. (Id. at 67-68;
dkt. entry no. 229-8, Ramsey Dep. II at 209-10.)

The Sandoz Companies’ expert witness, Jesse B. Hall, M.D.,
opined that critical care settings are defined more so “by the
nature of the patient than by the label over the geographic
location in the hospital.” (Dkt. entry no. 228-2, Ex. E, Hall
Dep. at 24.) He stated:

[T]f a patient is critically ill and is in the

emergency department but must wait six hours for a bed

to be available, we don't say they are denied critical

care management while they're in the emergency room.

The facility can be turned to that purpose for that

patient's needs.

The same thing occurs in the recovery room when
there isn't an ICU bed or perhaps the ICUs need to be
decompressed. It's common to just change the nursing
ratios to make the circumstance of adequate critical
care environment because the physicians can go there as
needed, and the monitoring equipment exists to ahieve

the same endpoints. It becomes a nursing coverage
issue more than anything else.

(Id. at 22.) Hall clarified that patients could thus receive
intensive care in emergency rooms and postoperative recovery
rooms. (Id. at 23.)

The Court also sua sponte reviewed information provided by
dicticonaries and treatises. The Cdurt, specifically, reviewed
information in Tds Mercxk ManuaL of Diagnosis axp Trzartuent, 19th ed.
(“The Merck Manual”) and Srzpman’s Mezpicar Dicrronary (V“Stedman’s”).

The Merck Manual does not provide an explicit definition of
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“intensive care”; indeed, the index entry for “intensive care”
states only “gsee Critically ill patient”. Tdz Mercx MavUaL OF
Dracgucsis avp Treatment 3640 (Robert S. Porter, MD, et al. eds., 1%th
ed., 2011). The main entry for that section, i.e., “Critical
Care Medicine”, provides:

Critical care medicine specializes in caring for
the most seriously i1ll patients. These patients are
best treated in an ICU staffed by experienced
personnel. . . . ICUs have a high nurse:patient ratio
to provide the necessary high intensity of service,
including treatment and monitoring of physiologic
parameters.

Supportive care for the ICU patient includes
provision of adequate nutrition and prevention of
infection, stress ulcers and gastritis, and pulmonary
embolism. Because 15 to 25% of patients admitted to
the ICUs die there, physicians should know how to
minimize suffering help dying patients maintain
dignity.

Id. at 2243-44. The rest of that section sets forth the methods
for procedures used to monitor and treat critically ill patients.
See id. at 2243-2302.

Stedman’s defines “intensive care” as “management and care
of critically 111 patients”. Stepman’s Mepicar Dicriomary 315 (28th
ed., 2006). It defines “critical” as “[dlenoting a morbid
condition in which death is possible.” Id. at 462. It also
defines an “intensive care unit” as “a hospital facility for

provision of intensive nursing and medical care of critically ill

patients, characterized by the high quality and gquantity of

continuous nursing and medical supervision and by use of
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sophisticated monitoring and resuscitative eguipment”. Id. at

2067 (emphasis added).

Upon consideration of this evidence, and placing
considerable weight on the intrinsic evidence, i.e., on the
specification of the 867 Patent, the Court has determined that
the term “intensive care” has two important aspects. First,
First, “intensive care” involves “critically il1l”, patients.

(See 867 Patent, col. 1 at line 32, 43, col. 8 at line 47 - col.

13 at line 54). See also Msrcxk Manual oF DIAGNOSLIS aND TREATMENT 2243~

44; Srepwan’s Mepicar Dicrionary 315, 462, 2067. Such “critically
ill” patients are typically “the most seriously 1ill patients” who
undergo surgery or other major medical procedures. (See '867

Patent, col. 8 at line 47 - col. 13 at line 54). See also

Stepman’s MepicarL Dicrionary 315, 462. These patients may die,
either as a result of underlying medical conditions or as a
result of the treatment for those conditions. (See ’'867 Patent,

col. 8 at line 47 - col. 13 at line 54). ee also SrteEpMaN’s

Mepicar D:icrionary 315, 462.

Second, intensive care is characterized by ongoing medical
supervision. Merck MaNUaL OF DIAGNOSIS AND TREATMENT 2243-44. Such
supervision typically includes a high nurse-to-patient ratio and
continuous nursing care. (Bachand Dep. at 162-64; Hall Dep. at
22-23 (noting that intensive care 1s characterized as “a nursing

coverage i1ssue more than anything else.”).) See also Mercx ManuaL
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oF DiAGNOSIS mu>TaaxmmNi 2243. This supervision generally includes
monitoring. Id.

The Court will thus construe the term “intensive care” as
follows:

care provided to critically ill patients, typically
characterized by high nursing-to-patient ratios,
continuous medical supervision, and continuous
monitoring.

[DRAFT - NOT SIGNED]

MARY L. COOPER
United States District Judge
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interaction

blood; usually connotes abnormally large con-
centrations of insulin in the circulating blood.
inesuelin-like acotiveisty (ILA) a measure of
substances, usually in plasma, that exen biologic
effects similar to thase of insulin in various bio-
assays; sometimes used as a measure of plasma
insulin concentrations; always gives higher val-
ues than immunochemical techniques for the
measurement of insulin.
insuslin-like growth facetors (IGF) peptides
whose formation s stimulated by growth hor-
mone. These peptides bring about peripheral tis-
sue effects of that hormone and have high (about
70%) homology to human insulin.
inesueline-o-gense.sis (in’si-lin-6-jen’é-sis) pro-
duction of insulin. {insulin + G. genesis, produc-
tion}
inssuclinsoegensic, inesusloegensic (in’sii-lin-6-
jen'ik, in’sii-1-jen’ik) retating to insulinogenesis.
inssu-li-no.-ma (in’sii-li-n5’mA) an islet cell ade-
noma that secretes insulin. SYN insuloma.
inssuelin re.cep.tor sub.strate-1 (IRS-1) a cy-
toplasmic protcin that is a direct substrate of the
activated insulin receplor kinase. Insulin expo-
sure results in its rapid phosphorylation at multi-
ple tyrosine residues. Its phosphorylated sites as-
sociate with high affinity to certain cellular pro-
teins. IRS-1 thus acts as an adaptor molecule that
links the reccptor kinase to varions cellular activ-
ities regulated by insulin. IRS-1 is also phospho-
rylated after stimulation by insulinlike growth
factor-1 and several intcrleukins.
inesuelin re.sis.tance diminished effectiveness
of insulin in lowering blood sugar levels; arbi-
tranily defined as requiring 200 units or more of
insulin per day to preveat hyperglycemia or keto-
sis: usually due to insulin binding by antibodies,
but abnormalities in insulin receptors on cell sur-
faces also occur; associated with obesity, ketoac-
‘1d0sis, infection, and certain rare conditions.
msu.lin shock severe hypoglycemia produced
by administration of insulin, manifested by
sweating, tremor, anxiely, vertigo, and diplopia,
. followed by delirium, convulsions, and collapse.
Mesuelistis (in’sd-htis) inflammation of the is-
lands of Langerhans, with lymphocytic infiltra-
tion which may result from viral infection and be
the initial lesion of insulin-dependent diabetes
_mellitus, [L. insula, island, + -ifis, inflammation)
.su-loama (in-sii-1o'ma) syw insulinoma. [L.
_nsulg, island, + -oma, tamor}
Wssult (in’slt) an injury, attack, or trauma. {LL.
Insulies, fr L. insulto, to spring upon]
0esuSscepetiobilsisty (in'si-sep’ti-bil‘i-t€) sYN
mmunity. [L. suscipio, pp. -ceptus, to take upon
,One, fr. sub, under, + capio, 0 take]
IDste.graotion (in-té-gra’shiin} 1. the state of be-
Ing combined, or the process of cornbining, into
acomplete and harmonious whole. 2. PHYSIOLOGY
the process of building up, as by accretion, anab-
ism, etc. 3. MATHEMATICS the process of ascer-
Laining a function from its differential. 4. MOLEC.
ULAR BIOLOGY a recombination event in which a
Eenetic element is inserted. {1.. integro, pp. -atus,
.0 make whole, fr. integer, whole}
Wetegariaty (in-teg'ri-1€) soundness or complete-
?if‘—&s of structurc; a sound or unimpaired condi-
on,
"hteg.uement (in-teg’yu-ment) 1. the enveloping
Membrane of the body: includes, in addition to
the epidermis and dermis, all of the derivatives of

the epidermis, e.g., hairs, nails, sudosiferous and
sebaceous glands, and mammary glands. 2. the
nind, capsule, or covering of any body or pan.
SYN integumenturn commune [TA], tegument.
[L. integumentum, a covering, fr. in-tego, to
cover]

inetegeuemenetaery (in-teg-yu-men’ti-ré) relat-
ing to the integument. SEE ALSO cutaneous, der-
mal.

instegeu-men.tum com-mune (in-teg-yu-men’
tim k&-moo'né) [TA] syn integument.

inetelslecetuealeiezastion (in-te-lek’choo-dl-i-z3"
shiin) an unconscious defense mechanism in
which reasoning, logic, or focusing on and ver-
balizing intellectual minutiae is used in an at-
tempt to avoid confrontation with an objection-
able impulse, affect, or interpersonal situation.
[L.. inteilectus, perception, discemment]

ineteloliegence (in-tel’i-jens) 1. an individual's
aggregate capacity to act purposefully, think ra-
tionally, and dcal effectively with the environ-
ment, especially in meeting challeapes and solv-
ing problems. 2. psycBoLOGY an individual’s rel-
ative standing on two quantitative indices, mea-
sured intelligence and effectiveness of adaptive
behavior; a quantitative score or similar index on
both indices constitutes the operational definition
of intelligence. [L. intelligentia)

in-tel-li-gence quostient (1Q) the psychologist’s
index of intelligence as one part of a two-part
determination, the other part being an index of
adapuve behavior. 1Q is ordinarily cxpressed as a
ratio between the person’s score on a given test
and the score which the average individual of
comparablc age attained on the same test.
in-tenssi«ty (in-ten’si-t€) marked tension; great
activity; often used simply to denote a measure
of the degree or amount of some quality. [L. in-
tendo, pp. -tensus, to stretch out]

insten.sive care uenit (ICU) a hospital facility
for provision of intensive nursing and medical
care of critically ill patients, characterized by
high quality and quantity of continuous nursing
and medical supervision and by use of sophisti-
cated monitonng and resuscitative equipment;
may be organized for the care of specific patient
groups, c.g., neonatal or ncwborn ICU, ncuro-
logical ICU, pulmonary ICU. syn critical care
unit.

in-ten~tion (in-tex’shiin) 1. an objective. 2. sur-
GERY a process or operation. {L. inteniio, a
stretching out; intention)

in«tenstion spasm a spasmodic contraction of the
muscles occurring when a voluntary movement
is attempted.

instenetion-to-treat anealeyesis method of ana-
lyzing results of a randomized coatrolled trial
that includes in the analysis all the cases that
should have received a treatment regimen but for
whatever reason did not do so. All cases allo-
cated to cach amm of the trial are analyzed to-
gether as representing that treatment arm,
whether or not they received or completed the
prescribed regimen.

instenstion treme«or a remor that occurs during
the performance of precise voluptary move-
ments, caused by disorders of the cerebeflum or
its connections. sYN volitional tremor (2).

{>inter- among, between. {L.. inter, between)

inster-acstion (int‘er-ak’shiin) 1. the reciprocal
action befween two entities in a2 common envi-
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179 . intercondylar

s »

err}' 3 11 e~
ferring to sleeplessness of unknown
origin, not that due to illness or
disease.
inspection Examination with the
eyes, such as the visual inspection of
a rash.
inspiration The breathing in of air
into the lungs; inhalation.
inspiratory capacity The amount
of air that can be breathed in after
completely breathing out; a guide to
lung cfficiency.
inspissated Thickened: hardened
as a result of being dried out, as wax
in the ears.
instability Emotional
lack of stability.
instep The arch of the foot.
instill  To introduce a liquid, such
as the instillation of drops into an
cyc.
instinet The primitive, uncon-
scious driving forces, such as the in-
stinct to live, the instinct to
reproduce, etc.
instrumentation Treatment by use
. of instruments.
insufficiency The condition of
being inadequate for a given func-
tion, e.g., cardiac insufficiency.
insufflate To blow a vapor or pow-
. der into a part of the body, such as
the insufflation of powder into the
vagina in the treatment of certain
vaginal inflammations.
insalate To protect against.
insalin A hormone produced in
the cells of the pancrcas. When se-
creted into the bloodstream, it per-
mits the metabolism and autilization
of sugar. An insufficient secretion of
insslin causes diabetes mellitus. Too
much insulin secretion or intake
causes hypuglycemia (too litile
sugar in the blood).
insalinoma A tumor of the insulin
producing cells of the pancreas. This
leads to too much insufin secretion.
insulin shock A statec of shock,
often with a convulsion and uncon-
sciousness, brought about by too

unbalance;

much insulin; also known as hypo-
glycemic shock.

insult Damage to an organ or
pant. Trauma.

insusceptibility mmunity.
integration The process by which
various functions are coordinated so
as to result in a well-organized
whole. )

integument Skin: the covering of
an organ.
intellect The reasoning faculty:
the mind.

intelligence quotient (1.Q.) The
ratio of a person’s mental age to his

chronological age, determined by

giving psychological tests. 1.Q. levels
include the genius, the highly intelli-
gent, the normally intelligent, the
below average inteliect, the moron,
the imbecile, the idiot, etc.
intemperance Excessive drinking;
overindulgence in food or alcohol.
intensity 1. The degree of power
or:strength of a process, such as the
intensity of a light ray. 2. Fecling
something or somebody very
strongly. 3. Degree of reaction. -
Intensive Care Unit (ICU) A scp-

- arate area-in. the hospital where ex-

tremely sick patients are cared for.
The ICUs are manned 24 hours a
day by physicians and specially
trained nurses. They-also are equipped
with life-support apparatus.

-intensivist A physician who spe-

cializes.in caring for the critically ill,
such as patients who are in Intensive
Care Units. o

intention tremor A palsy or shak-
ing of the hands on attempting to
perform some purposeful move-
ment, such as writing.

inter- - A prefix signifying between.
interaction  The result when two or
more ingredients combine to cause
one action.

interarticular Between two joints.
interatrial Between the two atria
(auricles) of the heart.

intercéllular tissue The area be-
tween the cells.
intercondylar

Between the con-
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2244 SECTION 16  Critical Care Medicine
of service, including treatment and monitoring
of physiologic parameters.

Supportive care for the ICU patient includes
provision of adequate nutrition (sec p.21)
and prevention of infection, stress ulcers and
gastiitis (see p. 131), and pulmonary cmbolisi
(see p. 1920). Because 15 to 25% of patients
admitted to ICUs die there, physicians should
know how to minimize suffering and heip
dying patients maintain dignity (sce p. 3480).

PATIENT MONITORING
AND TESTING

Some monitoring is manual (ie, by direct
observation and physical examination) and
intermittent, with the frequency depending
onthepatient’s illness. This monitoring usually
includes measurement of vital signs (temper-
ature, BP, pulse, and respiration rate), quan-
tification of all fluid intake and output, and
often daily weight. BP may be recorded by an
automated sphygmomanometer; a transcuia-
neous sensor for pulse oximetry is used as well.

Other monitoring is ongoing and continuous,
provided by complex devices that require spe-
cial wraining and experience to operate, Most
such devices generate an alarm if certain phys-
iologjc parameters arc exceeded. BEvery ICU
should strictly follow protocols for investi-
gating alarms.

Blood Tests

Although frequent blood draws can de-
steoy veins, cause pain, and lead to anemia,
ICU patients typically have routine daily blood
tests to help detect problems early. ¢ senerally,
patients need a daily set of electrolytes and a
CBC. Patients with arrhythmies should also
have Mg, phosphate, and Ca levels measured.
Patients receiving TPN need weekly liveren-
zymes and coagulation profiles. Other tosts
(eg, blood culture for fever, CBC after a
bleeding episode) are done as needed,

Point-of-care resting uses miniaturized,
highly automated devices to do certain blood
tests ai the paticnt’s bedside or unit (particu-
larly ICU, emergency department, and oper-
ating rcom). Commonly available tests include
blood chemistries, glucose, ABGs, CBC, car-
diac markers, and coagulation tests. Many are
done in < 2 min and require < (.5 mL blood.

Cardiac Monitoring

Most critical care patients have cardiac
activity monitored by a 3-lead system; sig-
nals are usually sent to a central monitoring

station by & small radio tansmittey Wi
patient. Automated systems

genernte al, 4
for abnormal rates and rhythins and

Oryy

Storg -

normat tracings for subsequent Ieview,

Some specialized cardiac Monitors ¢
advanced parameters associated With ¢

nary ischemia, although their clinie

is unclear, These parameters include ¢
uous ST-segment monitoring and hegy

variability. Loss of normal beat-to.-
ability signals a reduction in

increaged risk of death.

Pulmonary Artery Catheter Munitoriné
artery catheter (pyq

Use of a pulmonary
is becoming less common in ICT)

"This balloon-tipped, flow-directed cathefery

inscrted via central veins through the
of the heart into the pulmonary
catheter typicatly contains several

PACsalso include a sensor to measy
(nixed) venous O, saturation. Dy
PACs arc used mainly to determin

output and pretoad. Preload is most ¢

monly estimated by the pulmong

preload may be niore accurately deter

by right ventricular end-diastolic

which is measured using fast-response ther

mistors gated to heart rate.
Despite longstanding use, PACs

been shown to reduce morbidity and moa

ity. Rather, PAC use has been associ

excess mortality. This finding may be explained

by complications of PAC use and

pretation of the data obtained. Nevertholeis
some physicians believe PACs, when com,

bined with other objective and elin
aid in the management of certain cri
patients, As with many physiologic

ments, a changing trend is typically more
abnormal value.

significant than a single
Possible indications for PACs
Table 2221,

Procedure: The PAC is inserted t

are

special catheter in the subclavian or internal
Jjugular vein with the halloon deflated.-Once .

the catheter tip reaches the super

cava, partial inflation of the balloon
hlood flow (o guide the catheter. The po
of the eatheter tip is usually determiined by
pressure monitoring (see Table 2222 for

tracardiac and great vesse! press
occasionally by fluoroscopy. Entry
right ventricle'is indicated by a su
crease i sysiolic pressure 1o about 30

diastolic pressure remains unchanged from
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L .
ple 222-1. POTENTIAL INDICATIONS
T8 "FOR PULMONARY ARTERY
CATHETERIZATION
A ’;ﬁmordem o
cute valvular regurgitation
Caediac tamponade
Complicated heart faiture
Con‘,plicﬂwd Mi
yentricular septal rupture
mic instability
m,?sgggs]r‘:cnt of volume {‘lalus
Shock
: Hﬂnodym\mic mnonitoring
Cardiac surgery )
- Postoperative care in critically ill patients
. Surgery and postoperative care in patients
. . with significant heart disease
: disorders
n%gg::;guad pulmonary embolism
pylmonary hypcriension

spanticutarly if inotropic drugs are required.

fiaht atrial or vena caval pressure. When the
cithieter enters the pulmonary artery, §ystoh‘c
pessure does not change, but diastolic pres-
ure rises above right ventricular end-
. dastolic pressure or eentral venous pressure
{CVP), e, the pulse pressure narrows. Fur-
* ther movement of the catheter wedges the
talloon in a distal pulmonary artery. A chest
«ray confirms proper placement.
“The systolic pressure (normal, 15 10 30 mm
g) and diastolic pressure (normal, § 10
7 13 mm Hg) are recorded with the catheter
talloon deftated. The diastolic pressure cor-
ésponds well to the ocelusion pressure, al-
tugh diastolic pressure can exceed occlusion
picssure when pulmonary vascular resistance
s elevated secondary to primary pulmonary
fiscase (eg, pulmonary fibrosis, pulmonary
rension .
y&ethnonary)mery occlusion pressure (PAOP):
With the balloon inflated, pressure at the tip
o thecatheter reflects the static back pressure
{the pulmonary veins. The balloon must not
enain inflated forr> 30 sec to prevent putmo-
nary infarction. Normally, PAOP approximates
eft irial pressure, which in turn approxi-
males left ventricular end-diastolic pressure
{LVEDP). LVEDP reflects left veniricular
end-diastolic volume (LVEDV). The LYEDY
epresents preload, which is the actual target
farameter, Many factors causc PAOP to re-
et LVEDV inaccurately. These factors in-
tude miteal stenosis, high levels of positive
id-expiratory pressure (> 10 cm H,0), and

{HAPTER 222 Approach to the Critically il Patient 2245

changes in left ventricular compliance (eg, due
10 MI, pericardial cffusion, or increased after-
load). Technical difficulties result from ex-
cessive balloon inflation, improper catheter
position, alveolar pressure exceeding pulmo-
nary venous pressure, or severe pulmonary
hypertension (which may make the balloon
difficolt to wedge). )

Elevated PAOP occurs in left-sided heart
failure. Decreased PAOP occurs in hypo-
volemia or decreased preload.

Mixed venous oxygenation: Mixed venous
blood comprises blood from the superior and
inferior vena cava that has passed through the
right heart to the pulmonary artery. The bloog!
may be sampled from the distat port of the PAC,
but some catheters have embedded fiberoptic
sensors that directly measure O, saturation.

Table 222-2. NORMAL PRESSURES IN
THE HEART AND GREAT VESSELS

AVERAGE  RANGE
TYPE OF PRESSURE  (mm Hg) (mm Hg)
Right atrium 3 0-8
Right ventricke
Peak-systolic 25 15-30
End-diastotic 4 0-8
Pulmonary artery
Mean s 9-16
Penk-systolic 25 15-30
Lnd-diastolic 9 4-14
Pulmonary
artery occlusion
Mean 9 2-12
Left atrium
Mean 8 2-12
A wave 10 4-16
V wave 13 6-12
Left ventricle
Penk-systolic 130 90--140
End-diastolic 9 3-12
Brachial artery
Mean 85 70150
Peak-systolic 130 90-140
End-diastolic 70 60-90

Adapted from Fowler NO: Cardiac Diagnosis
and Treannent, ed 3, Philadeiphia, JB Lippincott,
1980, p. 11
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lies 2970-2972, 2971
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pressive 1665
sias 2916
pstoses 2917

alities of 2916,
971

84

1 2083, 2084
ease and 2088
86

2836

~

Index 3577

r.eactive protein (continued)
osteomyelitis and 371

protein-energy undernutrition and 16
reference values for 3493

in rheumatic fever 2863
rreatine 3426, 3500

as dietary supplement 3426

wrinary reference values for 3500
reatine kinase 301, 3494

as cardiac enzyme 2104

as skeletal muscle enzyme 301
reference values for 3494

(reatinine

blood levels of 2312, 2413, 2438, 3494
in hypertension 2068

wrinary 3500

(reatinine clearance 2313

dialysis and 2446
drug dosage and 3091

(reatorrhea 145
Credé’s method 2362
(reeping eruption {cutaneous larva migrans)
710
(remasteric reflex 1593, 1617

{reosote poisoning 3364
Crepitus 285
(rescentic glomerulonephritis 2393-2396,
2394
Cresol poisoning 3364

{REST syndrome 310-311

Cretinism, endemic 2888
Greutzfeldt-Jakob disease 1729-1730
blood transfusion and 1043
{RH (see Corticotropin-releasing
hormone)

Cribriform plate, fracture of 3233
Cicoid cartilage, pressure on 2275
Cricopharyngeal incoordination 122
Cricothyrotomy 2277, 2278
Cri du chat syndrome 3002
Crigler-Najjar syndrome 218
Uimean-Congo hemorthagic fever 1400,
1429, 1431
(ritically 111 patient

t approach to 2243-2255

monitoring for 2244-2247, 2296, 2301
scoring systems for 2247, 2248
Crocodile bites 3319

Lrohn's disease 169-172
adenocarcinoma in 190

anorectal abscess in 181

extraintestinal manifestations of 167
gingiva in 518

Crohn’s disease {continued)
hepatic inflammation in 249
primary sclerosing cholangitis and 278
treatment of 167-169, 171-172
ulcerative colitis vs /66
uveitis and 609
Cromoglycate 2529
Cromolyn 1116, 71116
in asthma 1879
in mastocytosis {125
Cronkbite-Canada syndrome 132
CROS hearing aid 437
Cross-dressing 1571
Crotalidae polyvalent immune Fab
antivenom 3318
Crotamiton 7/2
Croup 1410, 1844, 2732, 2879-288
epiglottitis vs 476
pseudormembranous 2878
spasmodic 2880
Crow-Fukase syndrome 807
Cruciate ligaments 3277
injury to 3217
Crutches 3457, 3459, 3460
Crying 2735-2737, 2736-2737
paroxysmal (see Colic)
in stranger anxiety 2750
Cryoglobulinemia 982, 2399
hepatitis C and 249, 256
Cryoprecipitate 1039
Cryopyrinopathies 3028
Cryotherapy
in actinic keratoses 674
in prostate cancer 2472
in warts 717
Cryptococcosis 1329-1330
HIV infection and 1446
India ink stain for 1166
Cryptogenic organizing pneumonia /946,
1948, 19501951, 1953
Cryptorchidism 2476, 2892, 2894, 2087-2988
Cryptosporidiosis 148, 150, /338, 1339,
1341, 13691370
Crystalloid solutions 2298
Crystals
calcimm oxalate 352, 355
calcium phosphate 352, 355
calcium pyrophosphate dihydrate 351,
352, 354-355 :
Charcot-Leyden 987
monosodium urate 349354, 352, 244 |
synovial fluid examination for 287, 349
urinary 2309, 2309, 2310, 2703
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Infliximab 169, 172, 1087
in rheumatoid arthritis 339, 339
Influenza 1396, 1405-1408, 1925
avian (bird flu) 1408-1409
COPD and 1897
drugs for 1407
swine 14091410
vaccine against 1171, I'174~1175,
1176-1177, 1408, 1929, 2718, 2720,
2722, 3109
in Kawasaki disease 2937
in pediatric HIV infection 2859
Informed consent 3469
[nfrapatellar tendinitis 2913
Infrared heat therapy 3459, 346/
Ingestion 76
Ingrown toenail 736
Inhalational fever 1976
Inhalation challenge test 1980
Inheritance (see Chromosome{s}; Genes)
Inherited disorders (see Genetic disorders)
Inherited disorders of metabolism 3009--3026
Inhibin B 2339
Injury (see also Fracture; Trauma)
birth 2769-2774
head 3218-3227, 3219, 3221, 3222, 3225
overuse 3296
spinal cord 32273231, 3228, 3230
spleen 986
Inocybe poisoning 1614, 3337
INR (international normalized ratio) 227, 971,
3496
Insect
in car canal 456
stings by 3308. 3309 (see also Bites and
stings)
Insecticides 647
poisoning with 33403341, 3363
Insemination, intrauterine 2594
Insomnia 1703-1715, 1705, 1707
drugs and 1705, 1711
in elderly 3103
fatal 1731
physical disorders and {487
psychophysiologic 1711
SSRIs and 1547
Inspiratory flow rate 2283
Insufficient sleep syndrome 1711
Insula 1637
Insulin (see also Diabetes mellitus)
allergic reaction to 875
blood levels of 2, 3496
in calcium channel blocker poisoning 3327

Insulin (coniinued)
in chronic pancreatitis 146
dawn phenomenon with 875
in diabetes mellitus 873, 874, 882
in diabetic ketoacidosis 885
growth factor effects on 759
infection-related production of 1152
in neonatal hyperglycemia 2796
in nonketotic hyperosmolar syndrome 886
in pheochromocytoma 802
potassium levels and 831
in pregnancy 2639, 2640
preoperative 3447
preparations of 873, 874
regimens for type 1 diabetes mellitus §75
regimens for type 2 diabetes mellitus 876
resistance to 868, 871, 875, 1110, 2082
antiretrovirals and 1453
pregnancy and 2625
in septic shock 2302
Somogyi phenomenon with 873
for surgical procedures 882
surreptitious administration of (99
for total parenteral nutrition 24
Insulinase 2625
Insulin-like growth factor 1 (IGF-1) 759
measurement of 760, 763, 769
in children 767
Insulin-like growth factor binding protein
type 3 (IGFBP-3) 767
Insulinoma 198-200, /99
hypoglycemia and 888
in MEN syndromes 910, 910
Insulin resistance syndrome 64-63, 63
Insulin tolerance test 765, 767
Insurance, medical 3757, 3473-3480
Medicaid 3161-3162
Medicare 3155-3161
private 3163, 3475
INTACS (intracorneal ring segiments) 574
Integrase inhibitors 1450, 145/
in children 2857
Intellectual disability (mental retardation)
3044-3048, 3045, 3047
chromosomal abnormalities and 3045
diagnosis of 3046, 3047
in Down syndrome 3000
in fetal alcohol syndrome 2799
in fragile X syndrome 2998
prevention of 3048
Intelligence quotient (1Q) 3044
Intensive care {see Critically ill patient)
Intention tremor 1774, 1775
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Intercostal retractions 1826
Intercourse, sexual (see Sexual activity)
Interdisciplinary team 3115-3116
Interferon(s)
in cancer 1060, 1067, 1072
in chronic hepatitis 257, 258
in hepatitis C 258
in viral infection 1395
Interferon-o /067
it essential thrombocythemia 998
in genital warts 1471
hyperthyroidism and 781
immune function of 1084
therapeutic use of 1088, 1090
tremors and 1775
in warts 718
Interferon-¢2b
in mastocytosis 1125
in polycythemia vera 1003
Interferon-f3
immune function of 1084
in multiple sclerosis 1782
iherapeutic use of /088, 1090
[aterferon-y
in atopic dermatitis 665
in chronic granulomatous disease 110
fever and 1152
immune function of 1080, 1081, 1084
receptor defects of 1093
therapeutic use of /088, 1090
Interleukin(s)
in cancer 1058, 1072
immune function of 1084
Interleukin-1
fever and 1152
immune function of 1080
Interleukin-2 1088
receptor for, protein-energy
undernutrition and 16
Interleukin-6 1152
Interleukin-11 /088
Interleukin-12
deficiency of 1093
receptor BI defect of 1093
Intermittent pneumatic compression
(see Pneumatic compression)
International normatized ratio (INR) 227
971, 3496
International prognostic index (IP1) 102!
Internuclear ophthalmoplegia /750, 175
1781
Interphalangeal joints
deformities of 386
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HE TERM "AGITATION" describes
asyndrome of excessive motor activi-
ty. usually nonpurposeful and associated
with intemal tension.’ For intensivists, agi-
tation is not so much a diagnosis, but a con-
sequence of more fundamental etiologics
that, when expresscd, result in disquietude.
Agitation is imporant in the intensive care
unit (ICU) because it can alter the diagnosis
and course of medical treatment.? It can ob-
scure the etiology of underlying discase pro-
cesses like a smoke screen, making effec-
live diagnosis difficult or impossible. It may
result in the inability of the patient 10 coop-
erate with monitoring and therapeutics (hat
require him or her to lic relatively still and
quiet. Treaiment of agitation without con-
sideration of underlying causation gives the
false ifmpression of wellness, when in reali-
ty end-organ damage is occuring cither as a
resull of agitation itself or as a result of ex-
acerbation of the underlying pathology.
Prior 1o the technological revolution in erit-
ical carc medicine, agitation was a rclative-
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ly minor issve. Little could be done for crit-
ically ill patients but 1o make them as com-
fortable as possible and observe them for
treatable decompensations. Modem ICUs
now have the potential to return critically il!
patients to productivity by using technolog-
ic advances in monitoring and closely titrat-
ed care, effectively pinning the patient firm-
1y to the bed with tubes and appliances. As a
result of high-tech hemodynamic monitor-
ing and support devices, new kinds of stress
have been conferred upon the already hemo-
dynamically unsiable patient that he or she
never had to deal with before, and simplis-
tic, symptomatic, “shotgun” sedation no

longer applies.

PATHOPHYSIOLOGY OF BRAIN
FAILURE AND AGITATION

A major function of the central nervous
system (CNS) is the processing of incoming
stimuli in such a way that coordinated and
appropriate motor responses occur.? Brain
metabolism is served by complex mecha-
nisms that ensure reliablc access to nutri-
ents. Since the brain has no stores of glu-
cose, cell-ular metabolism depends on the
content and continuity of biood flow. Effec-

Fig 1. Causes of agitation.
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tive metabolic function is especially impor-
tant for neurotransmitter synthesis, trans-
port, and discharge, and so metabolism is a
key concept in normal neurotransmitter func-
tion. When metabolic homeostasis is inter-
rupted or distorted, various degrees of “brain
failure” can occur.® Brain failure is just as
much a relevant ICU organ insufficiency as
is renal or hepatic failure, and agilation can
be an ominous neurobehavioral sign of acute
pathophysiology. When agitation accompa-
nies brain failure in a critical care sening,
there cxists a failure to integrate cerebral
functioning that constitutes a lrue emergen-
cy (Fig ).

The major cause of integrative brain fail-
ure is a hemodynamic or metabolic decom-
pensation, either intracranial or cxtracranial
(Fig 2). The ICU environment provides a
repository of typical predisposing factors of
a hemodynamic or metabolic nature, includ-
ing acute or chronic organic brain vascular
insufficiency, endocrinc insufficiency, acute
or chronic cardiopulmonary decompensa-
tions, multiorgan system insufficiency, rel-

o T
BENEOAT MO oMY w BLECTROLYILE
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Flg 2. Etiology of delirjum.
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ative hypoxia, poor tissue perfusion, multi-
medications, and, finally, disruption of the
sleep-wake cycle caused by immobilization,
anxiety, and pain.’ Clinical signs of agita-
tion are likely 10 be produced when there is
an integratlve brain failure plus an intense
source of sensory stimuli ¢ Environmental
stress, although likely to exacerbate integra-
tive brain failure, is rarcly a precipitory cause
by itself?

The nervous system is unique in the vast
complexity of the control actions that it can
perform. While the autonomic: system mainly
deals with smooth muscle activity and
glands, the motor axis of the nervous sys-
tem is responsible for controlling skelctal
muscle contractions. The skeletal muscle
Sysiem can be controlled from many differ-
ent levels of the CNS, including the spinal
cord, reticular substance of the medulla,
Pons, mesencephalon, basal ganglia, cerebel-
lum, and motor cortex. The lower contro)
rcgions are primarily concemed with auto-
matic, instantaneous responses of the body
to the sensory stimuli, and the higher regions
are concemncd with deliberate movements
controlled by cerebral thought processes.
More than 99% of al] sensory information is
discarded by the brain as irclevant. After
the salient sensory stimuli have been select-

ncuronal circuits into proper motor regions
of the brain to elicit desired responscs. This
channeling of stimuli is called the integra-
tive function of the nervous system. The ma-
jor function of the nervous system is the pro-
cessing of incoming information in such a
way that coordinated and appropriate motor
responses occur,

Only a small fraction of selected sensory
stimuli clicils an immediate motor response.,

BNSDOCID: <XP 21092424 >

Much of the remainder is stored as imprint-
ed memory for unconsciously directed con-
trol of “leamned" motor activities and for cog-
nitive processes. Most of this storage occurs
in the ccrebral cortex, but the spinal cord can
also store small amounts of information.
Once imprinted memories have been stored
in the nervous system, they become part of
the processing mechanism, and the brain
constantly compares new sensory experi-
ences with stored memories. Integrative
brain functions help to select the important
new sensory information and to channel it
into appropriate storage areas for future use
orinto motor areas 1o cause somatic respons-
€s. Agitation is a visual clue that disintegra-
tion of normal motor axis integration, with
mischanneling of incoming sensory stimuli,
is occurring. Shon circuits into filogeneti-
cally old brain areas such as basal ganglia,
reticular formation, vestibular nuclei, and,
often, the red nucleus (extrapyramidal sys-
tem) produce the clinical picture of uncoor-
dinated and nonpurposeful movements. If
this failure is severe and widespread, deliri-
um usually occurs first and is followed by
various degrees of coma.

Delirium is characterized by global disor-
ders of cognition and wakefulness and by
impairment of psychomotor behavior. ¢ Ma-
Jor cognitive functions such as perception,
deductive reasoning, memory, aftention, and
orientation are all globally disordered, § There
is a growing consensus that delirium is a
manifestation of cerebral insufficiency, both
generalized” and focal,” accompanied by
dysregulation of neurotransmitter systems.®
Currently favored pathophysiologic mecha-
nisms include 1) a cholinergic-dopaminer-
gic imbalance, 2) dopamine and B-endorphin
hyperfunction, 3) increased central noradren -
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ergic activity, and 4) damage to intraneuro-
nal cnzyme systems.'™! Excessive motor
activity frequently accompanies severe
cases of delirium, and, when this occurs, the
resulting constellation of symptoms is called
“agitated delirium.”

DELIRUM

Potential causes in the ICU

Delirium is a multifactorial syndrome
causcd by a wide range of metabolic and
organic disorders some of which may be
unrelated to the nervous system. Most causes
of delirium can be grouped into three cate-
gories: prcmorbid physiology, metabolic de-
rangements, and environmental stress. The
major predisposing factors in the premorbid
state are age, chronic mental illnesses, gen-
eral level of cerebral competence, stability
of interpersonal relationships, substance ad-
dition, and chronic hepatic, renal, cardiac,
and pulmonary dysfunction. In the clderly,
a selective loss of neuronal populations in
the frontal contex, hippocampus, and locus
ceruleus and a decrease in acetylcholine ac-
tivity are thought to account for the increased
susceptibility to delirium.'’ Organic or met-
abolic causes of delirium can include virtu-
ally any drug and interactions between drugs,
Multimedication rcgimens combined with
blood chemistry imbalances arc frequent in
hospitalized patients. Accidental and inten-
tional intoxication from overdoses of psy-
choactive substances occur in psychiatric
patient populations. Neuroendocrine crises
may be precipitated by chronic corticoste-
roid therapy afler nonspecific stress re-
sponses to excessive pain, anxicty, discom-
fort, infections, vitamin deficiencics, or
lrauma.
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The term “ICU psychosis” was introduced
to underline the etiologic significance of psy-
chosocial and psychologic factors in under-
standing the syndrome. ICU activities around
the clock may lead to a patient’s loss of ori-
entation to time. Monotonous sensory input
in the form of unfamiliar, repedtive, and
noisy monitoring equipment; prolonged im-
mobilization with the proverbial “tube or
appliance in cvery orifice;" brief bur fre-
quendy interrupted “nap” sleep pattems; so-
cial isolation; and unfamiliarity with the ICU
personnel (who change frequently) eventu-
ally contribute to the predelirious state. There
is no doubt that cnvironmental factors are
contributory and may exacerbate the exist-
ing delirfiurn or accelerate the transition from
a predelirious state to full-blown delirium,
but as a solc primary cause, the ICU envi-
ronment is largely overemphasized. As is the
case with any other organ failure, disinte-
grated cerebral functioning usually results
when severe physiologic and metabolic in-
sults occur and then result in organ system
malfunction. When the syndrome is observed
after multiple organ system failure, it is an
ominous sign of a bad outcome. '

The term “psychosis,” although integral 1o
the definition, is not an accurate description
of the disorder and leads to misleading con-
clusions. True delirium, inor out of a critical
careunit, may exhibit psychotc features such
as hallucinations, delusions, and disordered
thinking, but it is not'a true psychosis. The
term psychosis, as used in the psychiatric lit-
eraturc, refers to persistent disorders of brain
functioning in which no specific organic fac-
tors may be causally related. In true delirium,
organic causation is not only present butmost
often stems from outside the nervous system.
Moreover, there is a qualitative difference
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between the symptomatology of delirium and
of psychoses such as schizophrenia and ma-
nia. Symptoms of delifium are extremely
random and purposeless, without systemati-
2aton, while psychotic symptoms are fre-
quently bizarre, but well-organized and con-
sistent. The term “ICU stress delirium” would
be morc applicable for organic brain syn-
dromes occurring in the ICU.

Clinical presentations

Clinically, delirium is characterized by
disorganized thinking, reduced ability to
maintain attentiveness, and rambling, irrel-
evant, or incoherent thought and specch pat-
temns.* The delirious patient cannot integrate
a coherent stream of thoughts and deduce
meaningful information from them. Shon-
term memory is impaired as a resultof a short
attention span and percepiual misregistration
of incoming stimuli. Memory retention is
also defective. A majority of delirious pa-
tients will be amnesic following recovery or
will preserve small, random “islands of
memory.” Orientation to time is most often
impaired in mild delirium, but orientation of
person and place remains intact. As deliri-
um progresses, disorientation to person and
place ensues. Flucwating levels of arousal
over the day's course is a central hallmark
of delirium and'a major diagnostic criterion.
The manifcstations of delirium associated
with sleep-wake cycles, such as disorganized
cognitive and attention patterns that fluctu-
ate in reverse day-night cycles, poorly or-
ganized delusions and hallucinations, and the
presence of lucid intervals, are virtually di-
agnostic of stress-induced deliriumn. This
symptomatology effectively differentiates
delirium from dementia, functional psycho-
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sis, and psychogenic dissociative states. Pa-
ticnts cxhibiting this stress-induced ICU de-
linum continually resist restraints and treat-
ment modalities, sometimes to the point of
exhaustion. Since this psychomolor agitation
syndrome usually occurs in the night hours,
it has been lermed the “sundown syndrome”
by intensive care nurses and is virrally di-
agmostic of stress-induced delirium.

During the state of delirium, cognition los-
es its clarity and goal dircction. In milder
forms of delirium, cognition partcrns may be
accelerated or slowed, and there are lucid
inlervals. These patients can sometimes be
reasoned with and may trust the reasoning
ability of others during confusional states.
In severe delirium, however, cognition is to-
tally fragmented and disjointed. The patient
is unabic to rcason deductively or solve prob-
lems and carmot perccive reality, even with
direction from an unaffected onlooker. Be-
cause the delirious palient cannot refit the
fragments of cognition, his or her percep-
tions are altered, leading to the development
of delusions and hallucinations. These delu-
sions tend (o be individualized and paranoid,;

that is, the patient misinterprets the actions

and events around him or her as life-threat-
ening and potentially harmful. Hallucina-
tions are characteristically fleeting, change-
able, and poorly organized. Hallucinations
in delirium arc usually visual and auditory
rather Lhan olfactory, tactile, or kinesthetic,
For example, a sound of a falling glass may
be mistaken for a pistol shot, or IV catheters
may appear (o be snakes (misperceptions).
The subducd voices of housestaff physicians
on rounds, discussing a care plan, may be
mistaken for the plotting of some dangerous
medical experiment that would result in a
patient's death (delusions). In advanced
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stages, misperceptions become vivid and the
patient may “'scc” visiting relatives arrive to
save him from the medical staff when no one
is actually there (hallucinations).

When considering agitation in the ICU,
one must always kecp in mind the possibili-
ty of hypoxia mediated as a primary under-
lying causc. All possible causes of hypox-
emia, as well as an estimation of brain
perfusion pressure, must be aggressively in-
vestigaled. Improvement of brain oxygen-
ation and perfusion is of primary importance
in the treatment of any type of psychosis in
the hemodynamically compromised patient.
Global brain ischemia due to cardiorespira-
tory failure results in activation of the dien-
cephalic and rhombencephalic areas of the
brain, especially the activating reticular for-
mation. This activation manifests as persis-
tent agitation and is most frequently seen
after cardiac surgery.” This form of agila-
ton is frequentdy difficult to control by high
doses of IV sedatives, and the patient
breathes disconjugately with the ventilator.
Subacule brain ischemia or marginal brain
perfusion, cspecially in elderly patients, can
be an occult cause of delirium,'*13

Rational treatment: Phenothiazines and
neuroleptics

The phenothiazine and neuroleptic drugs
exert an antipsychotic effect by antagoniz-
ing dopamine-mcdiated neurotransmission at
the synapses.'¢ Phenothiazines also affect the
basal ganglia, enhancing the potential for
extrapyramidal side cffects, The therapeutic
effect of the drug is gradually to decrease
psychotic symploms such as hallucinations,
delusions, and nonstructurcd patterns of
thought. Higher intellectual function normal-
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ly remains intact, but the patient’s interest
in his or her environment is diminished, pro-
ducing a characteristic flat effect. This class
of drugs also exeris 2 pronounced anxiolytic
cffect, ameliorating restlessness, but this ef-
fect decreases with long-term therapy.

Chlorpromazine

The prototype phenothiazine, chlorprom-
azine, is an antipsycholic agent with signifi-
cant sedative properties."” Chlorpromazine
produces sedation without hypnosis, but it
may potentiate the CNS depressive effects
of benzodiazepines administered concurren-
ly. Chlorpromazine can be useful in the Lreat-
ment of the ICU patient with stress-induced
delirium, as it acts to resolve disorganized
brain chemistry and as a broad-spectrum sed-
ative agent. However, chlorpromazine func-
Lions at the expense of some significant side
effects. The therapeutic index of chlorprom-
azine is rather narrow, resulting in a blurred
distinction between beneficial and undesir-
able effects at therapeutic doses. The drug
induces a pronounced antihistaminic effect,
leading to dry mucous membranes. Patients
with disorganized thought processes [re-
quently interpret this effect as thirst and re-
spond with psychogenic polydipsia and
symptomatic hyponatremia. Chlorpromazine
lowers seizure thresholds and may precipi-
tatc seizures in paticnts prone to them, espe-
cially in alcoholics. Electrical activity of the
heart is altered, resulting in electrocardio-
gram (ECG) changes such as of QT and PR
interval prolongation, blunting of T waves,
and ST segment depression. Effective hemo-
dynamic monitoring is mandatory during the
use of this drug. Most ICU indications for
chlorpromazinc involve intravenous admin-
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istration, titrated according to the desired
effect with the lowest possible dosage, Chior-
promazine may interfere with other hemo-
dynamically active drugs being adminlstered
in the ICU by blocking o-adrenergic-and
muscarinic receptors, as well as adrenergic
agonist activity, which may precipitate
tachycardia, vasodilatation, and postural hy-
potension, '

Halopgn’dol

Haloperidol appears to cxert a diffuse, de-
pressive effect at the subcortical, midbrain,
and brain-stem reticular formation levels.
The precise antipsychotic mechanism is not
known. The drug may also inhibit cate-
cholamine recepiors and reuptake of various
neurolransmitiers in the midbrain. Haloper-
idol produces less sedation than other phe-
nothiazines, having very little effect on heart
rate, blood pressure, and respiration. A
unique effect of haloperidol is its relatively
strong suppression of spontaneous muscu-
loskeletal hyperactivity and behavior that
results from hyperdopamincrgic brain func-
tion without pronounced sedation or hypo-
tension.'® There appears to be a rather nar-
row therapeutic range between doses that are
therapeutic for antipsychosis and the dose
that precipitates extrapyramidal rcactions.
Currently, IV usc is not approved by the
FDA, but the drug is commonly given by
this mode, and a broad range of experience
with ithas been reporied in the peer-reviewed
medical literature.'*? The dose and frequen-
cy of administration are dependent on the
degree of agitation and, to a lesser extent,
the paticnt’s age.

Adverse hemodynamic effects are rare in
healthy individuals. Une xpected hypotension
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may occur in hypovolemic patients or pa-
tients with low cardiac output. Combined use
of lorazepam and haloperidol has been re-
ported 10 be most effective in combining
antipsychotic effects and sedation with a
minimum of side effects.? Haloperidol may
be safer to usc in alcohol-related delirium
than chlorpromazine. One study® showed that
haloperidol did not precipitate any untoward
side effects when used to treat 36 head trau-
ma patients and 90 patients acutely intoxicat-
ed with alcohol. Like chlorpromazine, halo-
peridol can precipitate extrapyramidal
reactions, especially in the initial stages of
treatment. These reactions usually consist of
Parkinson-like symptoms: drowsiness, leth-
argy, and a fixed stare. Extrapyramidal symp-
toms usually reverse rapidly after the admin-
istration of benztropine or benzodiazepines
and cessation of the drug.  Tardive dystonia,
oculogyric crisis, torticollis, and trismus are
all rare, and most occurrences are dose relat-
ed. Neuroleplic malignant syndrome may
occur with any dose of haloperidol adminis-
tration, requiring ICU admission and aggres-
sive, titrated life support.

Comorbidities in delirium states

Factors that cxacerbate stress in the ICU
shorten the time necessary to produce delir-
ium. These major factors contributing to the
development of agitation in the ICU are pain,
anxicty, and discomfort.

Pain

Most patients who find themselves in ICUs
have had an operative or medical procedure
that results in pain. Frequenty, intubated
patients undergoing mechanical ventilation
find it almost impossible to communicate
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their displeasure, which increases their frus-
tration. The perception of pain exacerbates
agitation by stimulating sympathetic centers
in the brain, which leads to catecholamine
release. Hormonal response to pain results
in sodium and water retention due to the se-
cretion of antidiuretic hormone (ADH) and
aldosterone and 0 hyperglycemia from in-
creased cortisol and epinephrine secretions.
All of these humoral responses require mon-
itoring in the ICU. In addition, pain mani-
fests itself in the easily recognizable riad of
tachycardia, tachypnea, and systolic hyper-
tension, all of which are amenable 1o ICU
monitoring.
Anxiety

The subjective sensation of anxiety is most
prevalent during the first 24 hours of ICU
tenancy. Many factors contribute to the ex-
perience of anxiety, including the fear of
death or disability, misunderstanding of in-
formation provided by staff, discomfort, and
restricted ability to perform usual activities.
These factors may be associated with fecl-
ings of helplessness and loss of control. In
the ICU, anxicty may be characterized by
hyperactivity or withdrawal and may not
necessarily precipitate a carecholamine re-
spanse. Anxiety may rapidly progress to de-
lirium, especially in elderly patients who
bave a decreased ability (o cope with unusu-
al siress. !

Discomfort

Patients forced 1o lie still for long periods,
even though encumbered by indwelling hard-
ware, soon become profoundly uncomfort-
able and seek more comfortable positions.
The need to move about and stretch can be-
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come an obsession, especially during sleep-
less nights, which decrcases the patient's
ability to cope. Sympathetic stimulation does
not necessarily occur, but constant muscu-
loskeletal activity may cause physical ex-
haustion. Restraining patients usually results
in attempts to escape confinement, which
exacerbatcs agitation.

Effective treatment of comorbidities

The effective management of factors that
exacerbate ICU delirium, such as pain, anx-
iety, and discomfon, includes both pharma-
cologic and nonpharmacologic approaches.
Supportive care includes assessing an accu-
rate medical history for evidence of past ep-
isodes and hints about successful past treat-
ment, ensuring palient comprehension of
invasive monitoring equipment, and provid-
ing emotional support and reassurance. Pa-
tients who have just amived in the ICU, es-
pecially underemergent circumstances, must
not feel that they have completely lost con-
trol of their fates. The value of supportive
nursing care cannot be overemphasized.?'

Treatment of pain

There have been major advances in the
understanding of pain physiology over the
last 10 years. Earlier concepts of a dedicat-
ed, simple, spinothalamic pain system are no
longer tenable. Much evidence now exists
that very complex neural connections involv-
ing diverse areas of the nervous system play
a part. Pain may be modulated or edited at
the spinal cord level, In the periaqueductal
gray matter, and al the brain-stem raphe nu-
clei prior to reaching relays and gating mech-
anisms in the thalamus on the way to the
cerebral cortex. The perception of noxious
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stimuli may depend not only on peripheral
stimulation and transmission, but also on
modulation occurring in spinal cord and
higher structures. Accordingly, the subjec-
tive sensation of pain can be effectively
blocked at the brain level by narcotic anal-
gesics and also at the inflow tract level, which
cxplains the efficacy of spinal or epidural
anesthesia.

Normally, agitation caused by pain is treat-
ed by analgesics or analgesic sedatives such
as morphine sulfatc. This class of medica-
tion ultimately diminishes the stimulus to
secrete epinephrine and norepinephrine and
so decreases the end-organ response 1o these
catecholamines. Paticnts who exhibitan en-
hanced catecholamine responsc to pain tcnd
1o tolerate well the hemodynamic side effects
of the narcotics. Humoral responses such as
hypenension and tachypnea tend to counter-
balance the side effccts of narcotic analge-
sics, such as hypoiension from histamine
release and medullary ventilation center de-
pression. Agitation syndromes resulting from
pain usually resolve when the primary stim-
ulus disappears.

Morphine sulfate

The most widely used of all narcotic anal-
gesics or sedatives,* morphine is very con-
venient as it may be given by oral, subcuta-
neous, intrathccal, epidural, intramuscular,
and intravenous routes. The drug is easily
titrated and reversible with narcotic antago-
nists. In addition to its sedative action, mor-
phine has profound effects on cardiac hemo-
dynamics. Doses as small as 0.1 to 0.2 mg/
kg can produce orthostatic hypotension in
normal subjects due 10 vasodilatation in the
splanchnic beds, decreasing preload and fill-
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ing pressures in the right side of the hean.””
This vasodilatory effect has been attributed
to both hislamine release and direct cffects
from neural mediators. The respiratory de-
pressive effect can be profound and unpre-
dictable. A 10-mg dose of morphine sulfate
(0.15 mg/kg) will increase the PCo, by about
3 torr in normal subjects.” Even with these
side effects, morphine sulfate remains a high-
ly desirable choice for most analgesia indi-
catons. Intrathecal and epidural morphine
provides safe and effective analgesia in se-
lected patients when respiratory drive inhi-
bition must be considered.” The incidence
of iatrogenic inducement of addiction is not
clinically significant in I[CU applications.

Fentanyl

A synthetic opioid, fentanyl is approxi-
mately 7000 limes more lipophilic than mor-
phinc. This allows it 1o penctrate biologic
membranes rapidly, especially in the brain.
Fentanyl is about 200 times more potent than
morphine, significantly more rapid-acting
(1-2 minutes), and of shorter duration (30—
40 minutes). Compared 1o morphine, fenta-
nyl promotes minimal histamine rclease and
exhibits significantly less effect on cardiac
dynamics. Its affinity for fat can lead to its
accumulation during prolonged use, but this
accumulation ultimately leaches out afier dis-
continuation of the drug. Thus, repeated dos-
es of the drug tend to exhibit a longer dura-
tion of action. Like morphine, it is quickly
reversible with narcolic antagonists. Fenta-
nyl combines an analgesic and anxiolytic ef-
fect, but it is much more effective as an an-
algesic than sedative in low doses.
Equianalgesic doses of morphine and fenta-
nyl produce about the same respiratory de-
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pression. The addition of a benzodiazepine
has been reported 10 produce decreased car-
diac output, decreased blood pressure, and
peripheral resistance out of proportion to the
effect of either drug alone.® Occasionally,
the rapid administration of high doses of fen-
tany] has resulted in muscular and glottic ri-
gidity during the induction of anesthesia.
This complication is reversible with nalox-
one or succinyl choline. -2

Ketorolac

Ketorolac is a parentcral nonsteroidal an-
tiinflammatory agent that has almost pure
analgesic activity, Ketorolac at 60 mg intra-
muscularly is 800 times as potent as aspirin
and approximately equal in analgesic effect
to 10 to 12 mg of morphine sulfate.®* How-
ever, ketorolac has significantly less respi-
ratory and hemodynamic effects than mor-
phine. There is a need for a “pure”
(nonnarcotic) analgesic in hemodynamical-
ly unstable patients, in whom Lhe side effects
of narcotic analgesics would be poorly tol-
erated. Incisional pain prevents postopera-
tive patients with upper midlinc abdominal
incisions from coughing effectively, which
results in a significant decrease in forced ex-
piratory volume and compromising clear-
ance of tracheal secretions. A pure analge-
sic may decrease the risk of nosocomial
pneumonia by allowing patients to clear their
secretions more cffectively with less risk of
respiratory depression. Moreover, ICU pa-
tients in hean failure who must undergo pain-
ful procedures such as invasive vascular
cathelerization, chest tube thoracostomy, or
intraaortic balloon placement poorly toler-
ate narcotic side effects. Because of the CNS-
depressant side effects of narcotic analge-
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sics. acutely ill patients in pain cannot be
given medications that might affect their
ability to give informed consent.

- Ketorolac is usually administered by the
intramuscular route, but critical care patients
generally tolerate IM injections poorly. Poor
peripheral tissue perfusion in patients with
cardiac decompensations provides erratic
and ine[feclive absorption of medication de-
posited outside the intravascular space. There
is evidence in the literature that the intrave-

nous administration of ketorolac is safe and -

effective.” IV administration would presum-
ably allow more rapid onset of action, clos-
er titration, and more predictability of re-
sponse.* Clinical trials are in progress at the
authors' institution to test the feasibility and
safety of ketorolac in the intravenous route
for ICU patients.

a-—2 Agonists

a-2 Adrenoreceptors are members of the
guanine nucleotide-binding, protein-coupled
family of membrane receptors™ and are lo-
cated both centrally and peripherally. Their
function is to inhibit norepinephrine release
from presynaptic junctions by several nega-
tive fecdback mechanisms. These effector
mechanisms include the inhibition of ade-
nylate cyclase that attenuates the stimulation
of cAMP-dependent protein kinase™; the
opening of outwardly directed potassium
channels, which hyperpolarizes neuronal
membranes® and; the inhibition of calcium
channels, which decreases the entry of cal-
cium into the nerve lerminals, blocking fu-
sion of neurotransmitter-containing vesicles
with the synaptic membrane.*

These mechanisms effectively suppress
neuronal firing and norepinephrine secretion
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in all 1arget effector organs containing o-2
receptors, including the central sympathetic
nervous system. As a result, -2 adrenergic
agonists potently inhibit sympathoadrenal
outflow, as evidenced by the decrcased lev-
els of circulating norepinephrine and the
diminution of catecholamine metabolites in
the urine.*!

G-2 Agonists have been uscd by anesthe-
siologists and veterinary surgcons for the
last decade as adjuncts to operative anesthe-
sia.? This class of drugs, which long ago
cstablished itself as antihypenensive, has
also been found to possess anxiolytic, seda-
tive, analgesic, and antiemetic properties.
These attributes make these drugs artractive
in the treamment of agitation and delirium
associated with catecholamine storm. o-2
agoniss administercd concurrently with ben-
zodiazepines or opiate analgesics permit sig-
nificantly decreased doses of these seda-
tive-narcotics, thus minimizing side effects
while maintaining effective levels of seda-
tion and analgesia. At first, sympathetic in-
hibition was thought to be the major factor
in decrcasing anesthetic requirements when
a-2 agonists were used concurrently with
anesthetic agents,* if it was assumed that
noradre- nergic neurotransmission modulates
the depth of the anesthetic response.*4
Howecver, subsequent studies* have shown
that centrally active a-2 adrenergic agonists
exen a powerful analgesic action by them-
selves, although the site and mechanism for
these aclions remain controversial.

The a-2 adrenergic agonist clonidine is a
centrally acting antihypertensive agent re-
ported to block the sympathetic effects of
severe agitation, thus reducing the dose of
scdative agents used o treat severe agitation.
Among clinically available a-2 agonists,
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clonidine seems to be the most selective.
Clonidine is thought to act by competitively
binding opiale catecholaminergic receptors,
thus decreasing thc amount of opiates re-
quired to get the same sedative effect. As a
conscquence, respiratory depression, hypo-
tension, and other side effects of narcotic
sedatives are significantly artenuated, espe-
cially in hemodynamically unstablc patients.
Clonidine has been shown to decrease the
amount of anesthesia required to obtain op-
erative analgesia Ghigone et al. demon-
strated a 45% reduction in fentanyl require-
ments from those in the control group of
patients when clonidine at 5.0 pg/kg was
administered orally before anesthesia. Cloni-
dine has been cffectively used intrathecally
for analgesia in terminal cancer patients who
had become tolerant to intrathecal mor-
phine.“4° French investigators rcported on
the prolongation of spinal analgesia obtained
with supplementation of bupivacaine with
clonidine ® Clonidine has been extensively
used on psychiatry wards to attenuate drug
withdrawal syndrome afler chronic_benzo-
diazepine® and alcohol*? use. Clonidine has
also been proved to be effective in palients
with panic disorders® as a result of its anx-
iolytic action and its ability to decrease the
brain noradrenergic neuronal dysfunction
that denominates the pathophysiology of sev-
eral nonopiate withdrawal states.

Clonidine is almost completely absorbed
after oral administration, but it takes 60 to
90 minutes to reach peak plasma concentra-
tion. Drug delivery through a transdermal
patch takes much longer to reach cffective
blood levels and a minimum of 2 days to
achieve a steady-state concentration. Un-
fortunately, clonidine is not yet approved for
intravenous use in the United States, but IV
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administration has becn investigated in Eu-
rope.** Postoperative patients who received
afer spinal fusion a continuous IV infusion
of 0.3 mg/kg/r of clonidine required sig-
nificantly less supplementary doses of mor-
phine than those not treated with clonidine. *
Careful titration of IV clonidine as a supple-
ment 1o analgesics or sedatives in severe
agitation syndromes in the critical care pa-
tients is a new area of clinical investigation.

Other &-2 agonists not currently used in
clinical practice have practical potential in the
treaiment of severe agitation and delirium.
The highly selective a2 agonist dexmedeto-
midine reduccs ancsthetic requirements and
improves recovery from anesthesia.’” The
drug was well tolerated, with no significant
related side effects, ™ In addition, dexmedeto-

midine has beenshown to produce anxiolytic

effects comparable to those of benzodiaz-
epines, bul a much less negative effect on
hemodynamics.” Studies have shown that
dexmedetomidine has nosignificant effecton
myocardial contractile force or respiratory
depression in the animal model, and that a-
2 agonists such as atipamezole or idazoxan
could effectively reverse the hypnotic effect
of the drug.** Clonidine was found 1o effec-
tively diminish shivering as compared with
droperido! or a saline control 2

Treatment of anxiety and discomfort

Several authors recommend that anxiolyl-
ic medications be used routinely in the ICU,
especially for patients with coronary artery
insufficicncy who are at risk for agitation-
related decompensation.®? Benzodiazepines
have been the mainstay of ICU anxiety treat-
ment for many years because they offer a
relatively wide margin of safety from un-
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wanted side effects. In addition 10 their sed-
ative qualities, benzodiazepines have actions
that promote anxiolysis, hypnosis, anticon-
vulsion, and skeletal muscle relaxation. Their
exact mode of action is unknown, but ap-
pears 1o be associated with facilitation of in-
hibitory gamma-aminobutyric acid (GABA-
ergic) synaptic Lransmission throughout the
brain.“ Elderly and debilitated patients, es-
pecially those with underlying chronic ob-
structive pulmonary disease, are particular-
ly at risk for hemodynamic side effects.®
Benzodiazepines are effective as CNS de-
pressants thal decrease the perception of dis-
comfort and the resulting anxiety. This class
of drugs produce mild GABA-like effects,
increasing the permeability of neuronal cell
membrane (o chloride ions, elevating elec-
tronegativity inside the neurons, and mak-
ing them more stable in response to stimuli
in the brain’s reverberating circuits, thus pro-
moting a sense of well-being. They also func-
tion as musculoskeletal relaxing agents, eas-
ing the strain of prolonged bedrest, and
provide the beneficial side effect of antegrade
amnesia with few negative side effects.*

AGITATION

Pitfalls in treatment in the ICU

Treatmens of stress-induced delirium with
inappropriate medications

Treating psycholic delirium with analge-
sic sedatives is ineffective and decelving.
These patients are usually not in pain and do
not necessarily manifest excess circulating
catecholamines. Therefore, the analgesic ef-
fect of morphine is lost, and the predomi-
nating effect remains that of hemodynamic
and ventilatory suppression. Psychosis re-
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mains in the face of compromised hemody-
namics and ventilation, requiring the addi-
tion of more monitoring technology with the
potential for increased stress and agitation.
The treatment of psychotic delirium with
CNS depressants such as benzodiazcpines
blurs the border between psychosis and or-
ganic brain dysfunction. Benzodiazepines
have no ability to reorganize aberrant brain
chemistry, and therefore psychotic patients
treated with sedatives simultaneously be-
come more obtunded and confused, which
further obfuscares the reatment plan.

Treatment of pain by inappropriate
medications

Altempls to avoid morphine's hemody-
namic side effects by using benzodiazepines
as analgesics are usually ineffective. The
hemodynamic effects of bervodiazepines are
small compared to those of morphine, but
they do not significantly attenuate humoral
responses to pain. In fact, benzodiazepines
superimpose a cloud of CNS depression over
pain stimuli, producing the appearance of
comfort but no real analgesia The patient
may appear more comfortable but still has
hypermetabolic humoral responses that con-
tinue unabated and ultimately cause end-or-
gan damage or dysfunction. Neuroleptics
such as haloperidol promote no analgesic
effect and a sedative effect only in large
doses, where side effects predominate. At-
tempts to trcat agitation resulting from pain
by antipsychotic neuroleptics superimpose
bizarre neurologic side effects on top of pain
responses. The issue may then be confused
by bizame CNS symptoms in addition to the
normmal humoral response of catecholamines.
The patient may then feel “weird” and still
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in pain, and his or her agitation may increase
as the patient tries 10 make sense of his or
her distorted world.

Treatment of anxiety and discomfort with
inappropriate medications

Attempts to ameliorate discomfort with
analgesic sedatives such as morphine are fre-
quently effectivc, but these drugs bring with
them the excess baggage of hemodynamic
side effects. If the patient is not really in
much pain and has no atendant humoral cat-
echolamine effects, the side effects of nar-
cotics such as hypotension and respiralory
depression predominate. Patients with com-
promised cardiorespiratory organs tolerate
these side effects poorly and may not benc-
fit from the analgesic cffects, even in low
doses. The patient may appear more com-
fortable but ultimately will require the ap-
plication of more hardware to proctor hemo-
dynamic side effects, thus increasing
discomfort and agitation. Patients who are
uncomfortable are not necessarily psychot-
ic. The sedative actions of haloperidol are
attenualed except in very large doses, at
which exaggerated CNS side effects predom-
inate. Treatment of discomfort-related agi-
tation with antipsychotic neuroleptics usu-
ally results in bizarre CNS side effects
superimposed on musculoskeletal hyperac-
tivity. The patient may struggle more, try-
ing to escape frightening CNS side effects.
Since sedation is achieved only with large
doses, extrapyramidal side effects may also
be expressed.

When agitation threatens the patient

Agitation episodes that threaten hemody-
namic stability are uncommon but are oc-
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curring more frequently as ICUs accept wid-
er ranges of critically ill patients for longer
periods of time. Generally, such episodes are
signaled by cscalating agitation in the face
of increasing sedative administration and by
the addition of multiple drugs. Eventually, a
point is reached at which the underlying
* causes of agitation . combined with pharma-
cologic agent side effects threaten the pa-
tient's respiratory and hemodynamic stabil-
ity. For example, the mortality of delirium
tremens has been exacerbated in the past by
respiratory failure brought on by the admin-
istration of sedation in the absence of ade-
quate monitoring. Clearly, escalating mag-
nitudes of antiagitation medications signal a
serious problem that must be evaluated ag-
gressively. A rapid cvaluation of emergent
medical and surgical disorders should be the
first priority. This is the main rcason that the
patient resides in the ICU and is attached to
sophisticated monitoring devices. Emergent
airway decompensations can rapidly be ruled
out by capnography; acute cardiac decom-
pensations can be rapidly detected by con-
tinuous mixed venous oximetry and acute hy-
poxia by continuous pulse oximetry. Most
of these devices come equipped with alarms
that signal exceeded parameters before ac-
al hemodynamic decompensation occurs.
Shotgun treatment plans for agitation and
its atendant clinical manifestations may re-
sult in increased complications and morbid-
ity. Inadequate or inappropriate treatment for
agiation may superimpose deleterious side
effects onto complications of agitation, ex-
acerbating the symptoms and requiring fur-
ther, uncomfortable monitoring devices.
Hemodynamic detcrioration from the effccts
of agitation can precipilate angina, heart fail-
ure, and cardiac arthythmias by increasing
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myocardial work and oxygen consumption
in the face of a fixed coronary artery output.
Increased muscular activity and hypermetab-
olism increases CO, production, Patients on
mechanical ventilation and chronic lung fail-
ure patients may manifest sudden increases
in PaC0,, which result in narcosis and ob-
tundation or further catecholamine release,
increasing agitation. Hypermetabolism at the
muscular level also produces metabolic aci-
dosis and the potential for rhabdomyolysis,
myoglobinuria, and renal failure. Prolonged
agilation episodes can precipitate physical
injury to the patient or antending staff. There-
fore, it is extremely important to search un-
til the exact etiology of any agitation epi-
sode is identified and treated precisely.

Initial therapy for severe agitation

After emergent medical or surgical decom-
pensations are ruled out, the somatic effects
of unrelenting agitation should be quickly
and effectively blunted. This will facilitate
the search for the underlying etiology with-
out concurrent end-organ impairment. The
first course of action should be the adminis-
tration of an 1V sedative in doses titrated to
obtain control of the patient with a minimum
of obfuscating side effects. The ideal IV sed-
ative drug profile should have optimal phar-
macodynamic and pharmacokinctic proper-
ties (Fig 3). The short-acting benzodiazepine
midazolam and the ancsthetic drug propofol
have many of these ideal characteristics.

Midazolam

Midazolam is a short-acting CNS depres-
sant. An imidiazole ring is added to the ben-
zodiazepine nucleus, which allows midazo-
lam readily to form salts, thus increasing its
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Fig 3. Ideal properties of sedatives.

solubility in aqueous solution over that of
other benzodiazepines, The sedative poten-
cy of midazolam is about three 10 four times
that of diazepam, and it has a shorter elimi-
nation half-life of 1.5 10 3.5 hours. The ef-
fect on respiratory pattern has been found to
be about the same as that of diazepam in
healthy subjects,”” with approximately equal
decrease in tidal volume, increase in venti-
lation rate, and an unaltered minute volume.
Continuous titrated infusions of midazolam
were [ound to be safe and effective compared
to intermittent boluses of diazepam® for
postoperative cardiac surgery patients, and
after discontinuation of the drugs, recovery
was seen 1o be faster in the continuous-infu-
sion midazolam group. All of the benzodi-
azepines reduce the ventilatory response to
hypoxia. When midazolam is administered
rapidly or in large doses, its most pronounced
effect is also ventilation depression, How-
ever, relatively large doses on the order of
100 to 150 pg/kg are required to produce
clinically important respiratory depression.®

Midazolam poicntiates the analgesic effect
of opiates and other CNS-depressive medi-
cations, and the concurrent administration of
opiates potentiates the respiratory depressive
effects of midazolam. Sedation after 1V in-
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Jection is achieved within I to 5 minules,
with a duration of action of less than 2 hours.
The time of onset is dependent on the total
dose administered and the concurrent admin-
istration of narcotic premedication. Antero-
grade amnesia occurs almost immediately
after IV administration and usually persists
for 20 1o 40 minutes aficr asingle dose. Con-
tinuous administration of midazolam is in-
dicated for titrated sedation, anxiolysis, and
anterograde amnesia in the conscious, rest-
less patient. ™ There is a relatively wide mar-
gin of safety when midazolam is adminis-
tered by continuous infusion in the ICU
setting where facilities are available for ap-
propriate moniloring.” It is of the utmost im-
portance that respiratory and hemodynamic
[unction is monitored during the infusion of
any benzodiazepine, and that the proper tech-
nology is readily available to treat sudden,
uncxpected decompensations.

Propofol

For extreme agitation, more potent seda-
tion than benzodiazepines alone may be nec-
essary. For this population of patients with
life-threatening agitation syndromes, the
time spent loading sedatives with variable
onsets of action makes hypnotic cffects er-
ratic and unpredictable. The general anes-
thetic drug propofol has qualitics that may
make it useful as a sedative agent for severely
agitated patients in the ICU. Propofol is a
new 1V anesthetic agent chemically unrelat-
ed to basbiturate or benzodiazepines. It pro-
duces a rapidly progressive continuum of
sedation, hypnosis, and paralysis that can be
maintained by continuous infusion. This
spectrum of sedative activity may avoid the
necessity (o titrate several sedative, analge-
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sic, or musculoskeletal paralytic agents all
simultaneously (Fig 4).

As an I'V agent for induction and mainte-
nance of general ancsthesia, propofol has
been broadly reviewed in several recent pub-
lications. The cardiovascular effects of pro-
pofol are manifcsted as slight systemic
hypotension resulting from a reduction in
systemic vascular resistance.”” Hypoten-
sivc episodes have been reported when
propofol was administered to volume-deplet-
ed paticnts or when hean failure is present.”
Cardiac index is not consistently affected
when the patient is normovolemic. Minimal
ventilatory depression was also observed 1o
result from a decrease in central inspiratory
drive. Sympathetic stimulation during intu-
bation usually reverses these declines, with
the net effect being a rapid retum 1o prein-
duction hemodynamic status. In patients
without intracranial pathology, propofol de-
creases cerebral blood flow and cercbral
metabolic requirements for oxygen 1o a sig-
nificant degree. This makes the application
of propofol very effective in neurologic crit-
ical carc for the control of elevated intracra-
nial pressure, ™

The most desirable features of propofol are
Its rapid onset of action, rapid dose titration,
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and rapid and clear emergence from anes-
thesia or sedation. The lack of accumulation
allows the drug to be given by prolonged
infusion. It has been compared to midazo-
lam with regard to its effectiveness as a sed-
ative agent” and was found to be remark-
able because of a significantly shorer
recovery time, more rapid titration efficacy,
reduced posthypnotic obtundation, and fast-
er weaning from mechanical ventilation. No
accumulation was detected in a patient with
severe tetanus when propofol was adminis-
tered at a very high dose (20-80 mg/h) for 8
days.™ Propofol might be appropriate as an
initial agent for the induction of therapeuli-
cally induced suspended animation in syn-
dromes that may precipitate life-threatening
hemodynamic compromise (Fig 5).

The role of musculoskeletal paralysis in
treatment

True suspended animation can be indicat-
ed as a way (o gain complete control of the
situation, rather than to chance the increased
hazards of partial control in unstable circum-
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Fig 5. Indications for tirated suspended snimation
with propofol
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stances. The cascade of possible complica-
tions and side effects resulting from titrated
suspended animation must be weighed care-
fully against complications resulting from the
agitation cpisode itself. If agitation becomes
so severe that hemodynamic stability is
threatened, cndotracheal intubation and me-
chanical ventilation may be necessary to pre-
vent cardiorespiratory collapse.™ The option
of placing a patient in suspended animation
by musculoskeletal paralysis for severe, un-
relenting agitation should be approached
with caution. For example, a “chicken-or-
egg” paradox regarding blood oxygenation
must be resolved quickly and effectively. If
the paticnt's agitation resulls from hypoxia
and hypercarbia, establishment of an airway
and ventilation will rapidly correct the situ-
ation. But, if the patient is hypoxic and hy-
percarbic because of agitation, intubation and
ventilation will only make him or her more
agitated =

Suspended animation by musculoskeletal
paralytic agents will effectively stop the ef-
fects of muscular hyperaciivity on end-or-
gans, but the causation still must eventually
be found. The humoral effects of cate-
cholamine releasc may alone be enough to
cause ongoing cnd-organ damage. Therapeu-
tic musculoskeletal paralysis should be con-
sidered when sedative side effects begin to
pose a risk 10 hemodynamics and respirato-
ry function and the patient is still not con-
trolled. In these situations, escalating doses
of sedatives threaten sudden and unpredict-
able compromise to cardiac, pulmonary, and
hemodynamic function. If the situation
reaches this stage, it is better to remove un-
predictable factors and gain control of the
sitation by placing the patient’s hemody-
namics in suspended animation while patho-
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logic causes arc investigated. Patients can be
paralyzed quickly with an appropriate dose
of vecuronium, with minimal histamine re-
lease that might cause vasodilatation and hy-
potension.” They can then be intubated and
placed on mechanical ventilation, which ef-
fectively stops deleterious effects on cnd-
organs.

SEDATION

The therapeutically paralyzed patient

Intentional therapeutic paralysis may be
complete or attenuated, allowing the patient
some movement but not unrestrained activi-
ty. Doses of vecuronium may effectively be
guided by peripheral nerve stimulators ac-
cording to protocols described clsewhere.
However, it must be remembered that un-
demcath paralysis lics unprotected cerebral
function. Tt is absolutely mandatory that se-
dation and hypnosis be tailored to amelio-
rate the helpless feeling of paralysis in the
awake state, a “buried-alive" feeling.* Since
musculoskeletal paralysis does not attenu-
ate the effects of catecholamine release, se-
dartion has in the past been titrated under
paralysis until tachycardia and hyperiension
normalize, which suggests that patient com-
fort has been achieved. This is a rough way
of determining patient comfort under the ef-
fects of paralysis, but the advent of cerebral
function monitoring has dramatically im-
proved on this method.

Cerebral function monitoring for
sedated patients

Modem cerebral function monitors survey
brain electrical activily in real-time and re-
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[Dect changes in brain activity caused by sed-
atives. Agitation is represented by linear ac-
tvity depicting the intensity of brain activi-
ty and the position of the activity within the
brain topography. Sedation can be effectively
titrated until this activity is reduced to nor-
malcy by using continuous infusion of seda-
tive agents, which ensures patient comfort
under paralysis while the search for under-
lying pathology follows. Different classifi-
cations and combinations of sedatives, anal-
gesics, and antipsycholtics can be tried until
the combination that brings about the most
appropriately calm cerebral function tracing
is discovered. Attention can then be turned
to protecting other end-organs from damage.

In the ICU, a brain activity monitor (Life
scan, Neurometrics. San Diego, California)
allows monitoring of the quantity and geog-
raphy of brain electrical activity in real-time,
thus providing imporant information regard-
ing adequacy of sedation. The monitor dis-
plays cerebral clectrical activity by process-
ing the clectroencephalogram (EEG) signal
through a periodic analysis as a three -dimen-
sional moving picture in two “glass boxes”
corresponding to the right and left hemi-
spheres (Fig 6). Aperiodic analysis is a real-
time processing technique hat continually
transforms raw EEG information from both
hemispheres into frequency and amplitude.
Within each box, waves are depicted as “vec-
tors,” with the height and position of each
showing its amplitude and frequency, respec-
tively. Frequency bands are displayed in the
horizontal position, by color, with lower fre-
quencies (0.5 Hz) to the left and higher fre-
quencies (30 Hz) to the right. The frequency
of each wave can be determined by the col-
or band in which the pole appears: Delta, 0.5—
3 Hz, dark blue; Theta, 3-7 Hz, light blue;
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Sub-Alpha, 7-9 Hz, magenta; Alpha, 9-12
Hz, green; and Beta, 12-30 Hz, yellow.
The amplitude is reflected by the altitude
of the electrical spikes. Depending on the
selected display type, the height of the pole
either displays the amplitude of each wave
(Display type A) or is proportional to all ac-
tivity within that frequency (Display type B).
The amplitude range can be set o view brain
activity at 50, 100, 200, or 400 pv of wave
height, depending on the energy of the voit-
age activity of brain electrical activity. Lesser
voltages are more sensilive and are used 1o
display cerebral activily when brain activity
is quiescent. Real-time brain electrical ac-
tivity is recorded in time increments select-
ed by the viewer and can be recalled for com-
parison. The activily edge is a white Line that

Fig 6. Brain activity monitor.
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lies above the glass box and is a gross sum-
mation of changes in both frequency and
amplitude. It helps to identify the general
trend in cerebral elecirical activity and serves
as a “single-number” indicator that provides
a quick, generalized indication of brain ac-
tivity for each cerebral hemisphere.

A technique has been developed to sim-
plify the pattern recognition and interpreta-
tion of the brain electrical activity using the
key word SAFE, taken from the first letter
of the terms for its four components: 1) Sym-
metry: Compare the patiern of the left hemi-
sphere with that of the right hemisphere.
Asymmetrical panterns can indicate dimin-
ished perfusion to one hemisphere, cercbral
embolism, or thrombosis. 2) Amplirude:
Compare the altitude of the vectors. Asym-
metric hemispherical amplitude variations
may suggest seizures. Symmetrically in-
creased altitudes suggest agitation under pa-
ralysis. Low amplitude suggests adequate
sedation and quiescence. 3) Frequency:
Compare the distribution of vectors through-
out all frequency bands. Higher altimudes in
the light-colored bands suggest conscious
brain activity and darker colors suggest ac-
tivity in the deep centers of the brain, possi-
bly sympathetic hyperactivity. Absent or at-
tenuated aclivity in the “conscious” side
suggests anesthesia. Hypertension and tachy-
cardia are frequently associated with in-
creased activity on the dark “unconscious”
side. 4) Edge: Observe the activity edge. Sig-
nificant dips in one hemisphere compared
10 the other suggest focal brain ischemia.

The following conditions in therapeutically
paralyzed ICU patients may be accurately
monitored by the Lifescan monitor

Especially under therapeutic paralysis, in-
adequacy of sedation is manifested by a dif-
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fuse, symmetrical increase in amplitude
throughout the entire frequency range rep-
resenting hyperactive brain activity (Fig 7).

With adequacy of sedation, sedatives and
anxiolytics decrease brain electrical activity
(Fig 8). Narcolics and benzodiazepines gen-
crally cxhibit a gradual reduction in activity
at higher frequencies (conscious side) and
increased activity at lower frequencies (un-
conscious side). The activity edges symmet-
rically shift to the left. The amplitude of the
deep center delta waves may increase, which
suggests increased sympathetic activity. Bar-
biturates at low 0 moderate doses reduce
alpha and beta activity (conscious side) and

23:35:33
5 3 9 32 Hz
RIGHT HEM! 12 MIN

Fig 7. Inadequacy of sedation results in hyperactive

brain activity.
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Fig 8. Adequate sedation decreases brain electrical
sctiviry.

increasc the amplitude and activity in (un-
conscious side) deltaftheta activity. Large
barbiturate doses suppress all brain activity,
resulting in a “flat” screen.

Hypoxia is generally seen as a shift to the
left of the activity edge, a reduction in activ-
ity at-all frequencies, and especially a de-
crease in amplitude at higher frequencies.

The Lifescan monitor is not designed 1o
replace a more sophisticated muluiple-elec-
wode diagnostic EEG, but is designed to
make real-time brain electrical activity in-
formation readily accessible in the ICU. In
the critical care setting, this monitor can as-
sist in obscrving changes in cercbral perfu-

Stress, Agitation, and Brain Failure 7]

sion, estimating and controlling depth of se-
darion, and monitoring for seizure activity,

PROTECTION OF END-ORGANS
FROM METABOLIC STORM—
TITRATED SUSPENDED
ANIMATION .

Once the patient is placed in suspended
animation, many end-organs can be protect-
ed while specific therapeutics or the mere
“tincture of time" resolves the fundamental
causes of the agitation syndrome. The ad-
verse effects of exagenous catecholamines
and cndogenous neurotransmitiers on the
brain can be blunted by titrating sedative,
hypnotic, and analgesic drugs to levels of
cerebral electrical activity as monitored by
cerebral function monitors in real-time. Cat-
echolamine storm and severe tachycardia
cause a dramatic increase in myocardial ox-
ygen consumption, which can lead to severe
cardiac and hemodynamic complications,
Several intravenous beta-adrenergic antag-
onists are available for use in the ICU. Ateno-
lol is relatively water-soluble, incompletely
absorbed, and cleared by the renal route and
has a fairly long half-life. Metoprolol is high-
ly lipid-soluble, is more completely ab-
sorbed, is cleared by the hepatic route, and
has a relatively shon half-life. Esmolol, a
short-acting, rapidly titraable B-adrenergic
blocking agent, has been demonstrated to
manifest a preferentially negative chrono-
tropic effect and can be titrated by continu-
ous infusion.* The effects of hypertension
with concomitant tachcardia can be safely
resolved by using titrated IV infusions of
labetalol, a drug manifesting both o and B-
adrenergic antagonistic properties.® Labe-
talol can also be used as a continuous infu-
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sion, titrated in relatively brief intarvals,%
Cardiac function and fluid volume status can
be monitored accurately by a pulmonary ar-

tery

catheter and continuous mixed venous

oximetry, free from variations induced by
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{ Multiplé -
- factors:influence tlie résponse ot lndividnal psﬁents 10 specific drugs: Over the pnst
few yesrs, the benzodiazepines have proven safe and: effective sedative agents for -
Vi ‘patients in this envifonment. The introduction of a specific benzodiazepine
e an(agonlsl, flomazenil, now gives the clinician af opportunity rapidly to réverse,
: elllm' temporarlly or pennanenﬂy, the central deprmanl effects of the
T S benzodhupines .

enzodiazepinés were first introdiced in 1960 when' ] reqmrecl if the dmred Icvcl of scdauun |s to b«
 chlordiazepoxide librium was released: Since then - maintained throughout the treatment period. The risks of - 4
o Ythey have been widely used in medical practice ' an iatrogenic overdose and the probleims associated with.
- ' beécduse of their anxiolytic, sedative, hyprotic, anticon-- - a prolonged half [il'e of the sedative agem can be reclucﬁd;,

“ vulsant, amnesic and muscle relaxant properties.. .. : *=  if not avoided. -
" * The' benzodiazepines exert their, depressant effect on_ . The benzod.iachmes oft.enr hsve a lunger durauon of” w
reuronal activity by selective enha.noemem of inhibitory ~ action than is clinically necessary resulting in & slower '

“ GABAergic synaptic transmissions to most parts of the :  recovery. thar desirable after the administration: of t.he- AN

 denitral ‘ervous system,':* following interaction between - benzodiazepine has be¢n stopped: The problem is com-, .
thé benzodiazepine and specific neuronal membrane re- . pounded by the fact that most of the benzodmzepmes s
i ".uptors 34 Gimma-aminobutyric aid (GABA)isthemost  have active metabolites, ' .. :

" important lnhibitory neumtr&nsmlttet in thc central ner- ++. The introduction’ of midazola.m in’ 1982 has nmpmved
. vous system.. - : lhe situmon in that it has a shorter e.limlmmon lm.lf life
i+ The administration: of benmdmzzpines Ieads to & md- :

A jed response with lower: doses resulting in-a relief. of" !
- anxiety: whilst higher doses are assomted with mnscle
. relaxation and hypnosis (Table 1).: !
.-+, There-are many factors that will inﬂuenoe the r&spm:ue'_ :
i* i an individual patient to the administration of a seda-

- tive agent such as a benzod:azepme (Table 2). In estab- |
. lishing ‘a: ‘sedative: regimen the: clinician.‘must therefore .
. assess each patient carefully before choosing the sedative
. agent; dose and route of administration appropriate to
" the patient. A constant reappraisal of a sedative regimen. - %
M L Pepperman, BS¢; MB, ChB, FFARCS, is a Consulfant Arinesthétist’
. ‘and Clinical Head of Servlee. Cril:k:nl Care Unlt. The Lelcester Royal:
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Benzodlazepme antagomsts

" sedated ‘with etomidate'1¢1? 'a.nd an undeszrable erfec:

;. on'serum albumin’in pat:ents sedated with-althesin'® led

Wi nation half life than: midazolam.* " to both'agents being withdrawn from: use.” " ;
“The identification of specific benzodjazepine receptors-}- " The word sedation is derived from the Latin sedom.'

11977, stimulated reoearch to identify-a specific benzo- . which means to soothe or to settle, Current concépts as'to
what represena an ideal level of sedation dre c:oml:mtibl-‘.r

“with this definition of sedation in that the aim is to Havea
patietit who is co-operative, orientated and tranquil when
-aroused, but: who will sleép. when not disturbed.'® It has
" been suggested-that the 1deal sedauve agcnt shouId have- .

" the following’ proﬂlc "
‘. ‘should have na effecr. on’ the r:ardmvascu]ar or respir—

the metaboksm of other o

! fithibitor of the specific binding of the bcnmdlmpmes
.“the receptor, Clinical trials related {0 the tise of fluma
- zenil started in. 1986 and have demonstrated the effica

- of th ‘drug in' reversing the effects of menep.m.
- whert used a5 a-supplément diring general’ anaesthiesia,
“g¢'a supplement to local or regional anaesthesia,'* and
% erthe. longer tct‘musefbr interisive care sedation.’

S should be mcf._abol:sed by pathwnys not dcpendent on &
‘normal Tenal or Hepatic function; - ;' S
. ‘should have'a short: elimination half hfe. A e
: At present there is no-agent available which totally fits - 83
; this profile. In choosing a sedative agent for 4n intensive =
-éare- patient the-clinician must cons:der the chmcal rc- 4
< effect: (pm'ua.l agouist ‘activity). In' healthy volunteers;, quirements (Table 3): Y
. flumazenil has an elimination half life of approximately.- .- A survey of. sedative - pracuces in 189 ICUs: in: the-- "
./ 60'minutes.'*:"? There is a minimat riskﬁ'dm Lhuapeutlc. United: ‘Kingdom showed that in' 60% of the units;a- ..
infer uonal or kccldmm} oveﬂfose ' on - combination of ‘a' benzodiazeépine: and: an opiate had. .
" become the standard sedative regimen.** ‘As the benzodia- -
. zepinés have no spe¢ific analgesic properties; the need for.. =
. adéquate nna]gmc cover when- sedatmg pments wuth_-,_ '
these: agénts is a vital consideration. - s
-:As highlighted previously, the problem with the bcnzo— o
diazepines is the potentially long elimination half life.
There are many factors influencing the duration of action
.. of sedative agents (Table 2). Since the irtroduction of the. ' -
" bénzodiazepines there have been- msnsr reports ‘of-'a. -
the application of spednl techniques.. ... . : - prolonged duration: of action' in’ patiénts withi imipaired .
“Thie type of patient admitted to intenmreure facilities. .. hepati¢' function®'+*2 and: septic. shock.** Duindée et al "
. Varies- tremendously; most units dealing with a broad  suggest that about 6% of the: populdtion are a!so poorj i
2 ‘spectrum of patients, both in respect of age and pathol- - metabolisers of the benzodiazepines.™ .. '’ el
- ogy. Thus, the concept of sedation for patients rocennns " Diazepam was the most commonly used benmdum- :
. treatment in'an- ICU-is. a very. complex issue. It is pme in intensive care prior to the introduction of midazo--
- umrealistic to consider thepmb:llty of asingle regimen: . lam. Diazepam: has an: elimination- half life - of .24-72 .. .
l‘ot sedation as being satisfactory in’ ‘all situations. .~ hours in healthy subjects and has two active metxbohtes, 5
i Most clinicians consider themselves experts in Lhe field: - desmethyldidzepam and ‘oxazepam; the former having a'| -
oE sedation but it remains a Cindeella subject, We have " longer eliminationt half life than' diazépam.** The intro=' "
' little knowledge of the benefits of sedation to an individ-.  duction of tidazolam with ‘a'rapid onset, an ‘elimination 0.
<yl patient: At times it would appear that sedation is used . ** half lifé-of 90 minutes,** and metabolites with a much:
" primarily ‘to bentf' t the: mod:ca.l sta.ff' mlm- tha.n the' " shorter elimination half life has improved the situation..
patieme Yo 1R | Howeverf; even an elimination half life of 90mmum may
The heavy anaésthetic input in mtensnfe care medmne.'. still bé inappropriate as it detracts from: '
" i the United Kingdom has resulted in sedative regimens. * @ the ability to'assess the patient; .
being dn extension of anaesthetic practicesi:As a result, . ® delay inweaning off ventilators;
. most anaesthetic agents have been used as sedative-agents- -~ @ in self-ventilating patients the potenual to mamta.tn an.
“for. intensive care patients. The majority are no longer - adequate level of respiratory function. :
" used: because. of the: recognition of undésirable side. . = The inttoduction of flumazenil as a specnrc benzodm-- o
* effects. Initial experiences with: etomidate and: althesin,  zepirie antagonist. has- enabled the- central depressant
‘(Alphaxalone. and Alphadaloné) administered by. con- - effects of benzodiazepines to be reversed rapidly after the: i
tinuous intravénous infusion to provide sedation in the . administration of the benzodiazepine has been stopped. - -
* iritensive care patient-proved successful. However, obseér- * The ‘duration: of action of flumszenil is dictated by *
. vations regarding increased mortality associated with a ~ several factors, chief of which are: 5
! significant decrease in adrenocortical function in patients @ the dose of numamﬂ - %

; azep
rntmsi\ve ‘care. niedicihe. is ‘a relatively new. branch
: med.{cme that’ hag developed: rapidly over the past’
. years: The accepted role of ¢ an intensive care unit (ICU) is.
'the ]nanagemwt of panents wuh hfe thmtemng con

- 80 -, Intensive Thempv and Clinical Monmﬂnq Fabruan tssa .
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-dlmpme agonist given. - -

gation ‘of the’ central nérvous: system-depression- associ-
ated: With the ‘use. of beénzodiazepines: have, been
highlighted and ‘often 2 single intravenous dose of fluma-

. zenil leads: only to a’temporary reversalof the central ;i
--effects of the. benzudlmpme fOr 20—45 m.mu!es aﬁer:'- SR

- which resedation’ may occu
 Reversal of lon

rm benzodmzepine seda

N Temporn.ry interruption.. It is often advantageous to be:
: 16" assess " the clinical: status of ‘the ICU patient -

. penodlcally The administration of a single intravenous
. bolus of 200 micg 61 flumazenil given slowly over 15-30.

" “séconds is osually sufficienit to reverse the central depres-

*. handled correctly by the medical and nursing staff during
the trafisitional phase; The- specificity. of flumazenil en-

be associated with the decrease in sedation,-

i, .1/ This therapeutic widow can prove beneficial not Orlly 5
- incallowing, for a reapprmsal of therapeutic regimens but -
" also may: help in diagnosis when. causes of a. sémi- -

" conscious or sedatéd state other than the usé of benzodia-.

" zépines- may- be  present. If the “administration - of ..
fluimazenil- reverses the. central: depressant: effects (h:'

possibility of othier causes can be excluded.?. . .
|". 7l i+ The short elimination half life of flumazenil a.!lows for
" .+ "easy-resedstion with a benzodiazepine if appropriate;
. Permarent reversal. Several clinical trials have ‘demon-
strated the efficacy of flumazenil in reversing the central
~ depressant effects of the benzodiazepines after thar Iong
term use for intensive care sedation.'®:!!-. .. .

The long term use of benzodiazepines by e:ther repeal-
ed intravenous bolus administration or by continuous
intravenous infusion in the seriously ill patient can lead to
a significant accumulation of the agent and a prolonged
elimination half life.?-** The short climination half life
of flumazenil means that repeated bolus doses or a
continuous infusion of the antagonist may be required to

prevent resedation. If repeated bolus doses are used then .

after the initial slow intravenous administration of 200
- meg further doses of 100 mcg should be administered at
- one minute intervals until the desired level of conscious-
ness is- obtained. and. maintained.'' Alternatively, the.
‘antagonist can be administered by a continuous intra-

- venous infusion.'® An initial slow intravenous infusion of -

200 mcg Will normally result in a return to a desired level

of consciousness and then an infusion of between 100 and

200 mcg per hour can be utrawd agains! mponu to
. mamtam the s:tuauon .

" Iitonbive Thériipy dnd Clisical Mtodng. Febriary 1988

@ the mtal dose and el:mmatmn hal£ ht’e of thc benzu.' ;

" The many factors that can lead to a s:gmf' cant pmlon. .

" when used to reverse the central effects of a benzodiaze- - -
- pinie in an ICU is 2 mg. As it is now common practice in .

© can be reduced to a minimum by ensuring that the rate of
sdnt i effect of a benzodiazepine: giving & therapeutic -

window 'of. 20-40 ‘minutes during; whith time a full - .
neurological and clinicslassessment can be carried dut; .
«. If: the: flumazenil is " titrated: ir- slowly: against: the - :
‘response then. concerns: about precipitating: an. acute: .

‘anxiety state can be minimised, 'especially if the patient :s._'_- " zénil can be stopped in the majority of patients-after three

. number of patients may resedate and need further incre-

- sures that the effect of analgesics remains the same. A’
"= glight rise in blood pressure and pulse rate rna]r he seen to-

- muscles. . These- improvenients facilitate. the return to-

_-overdose then flumazenil will reverse the central depres-

‘mcg of flumazenil therefore may prove helpful in both

. effects'related to its presence. Further doses of ﬂumazeml
- can be given if it is considered desirable. B '

The rcconunended max:mum total dcse of ﬂumnzeml

ICUs. to: administer drugs: by’ continuous' intravenous . -
infusions, it would seem Iogical to administer flumazénit:
this way. The risk of precipitating an acute anixiety state.

infusion of the first 200 meg is slow enough to allow fora
slow transition from the sedated 'to the aroused state, If
the benz.odiazemne used for sedation is midazolam-and-. . .
the sedative regimen was regulated properly to mairitain
the desired Ievel of sedation; then the infusion of fluma-. .

hours without the risk of resedation. However,a ‘small

ments-of flumazenil if this is deemed appropriate.®. &

Weaning from: mechanical ventilation. Benzodiazepines
used to sedate patients satisfactorily in intensive care not -
only have a central depressant effect diminishing céntral
tespiratory: drive but: also. diminish the. strength of the:
respiratory muscles, thus potentially making weaning
more difficult. In reversing all the central effects of the
benzodiazepines, flumazenil leaves a more responsive
and co-operative patient with a more effective central
respiratory drive and more strength- in his respiratory .

spontaneous respiration and possible weaning from the
ventilator- much_earlier than would be expected in
patients sedated for some tinfe with a benzodmep{ne.
This may permit extubation of the patient. - ;
Benzodiazepine overdose. Flumazenil has. provcn effec-
tive in reversing the central depressant effects of benzo-
diazepines in those patients who present with a history-of
a benzodiazepine overdose caused by either an aomdental
or an intentional misuse of the drug.*®:*'

If the patient presents with a pure benzoduazepme

sant effects within five minutes. In the intentional over- -
dose, however, the benzodiazepine is often only one of’

the drug types taken. In this situation, the administration -
of flumazenil may only lead to a partial improvement in’

the level of consciousness and respiratory function rather
than total recovery. The titration of a bolus of 100-200

the diagnostic and therapeutic areas in these cases. It will'

confirm the presence of sedation related to the effects of -
a ben.zodinzepme by reversing any central depressant

B1
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fitensive care énvironment;: " -
- In. miultiple - overdose: situations there is always the

i uridesirable problenis dcvelap (convulsions) then'no fur-

ther: flumazenil should be given. The short elimination
“. half life of flurhazeénit allows'for the #arly administration -

of a benzodidzepine such as mldazoiam to rcscdate the
- patient if this is desirable: - :

- At present, flumazenil is not hcensed in the UK for use-'

‘in’ the treatment of bernzodiazepine overdoses but' there.
- may well be a place for.its use in a controlled eriviron-
" ment by suitably qualified individuals in support of an
-} active management regimen, especially in trying to re-
"+~ verse the depression of respiratory functlon asmated
. wlth ben.mdmupme sedntlon :

L Conclusmn

_ The benzodxmpmes have proved to bc safe ahd effecnve -
sedative' agents for patients im an intensive care'environ-.
* ment. The wide variety of patients admitted to most ICUs -
. is’ associated with. an individual- variability in patient

‘I responses to these drigs which, in: some cases, may be'
. detrimental to"théir progressive management. The effect
of the benzodiazepine may be unexpectedly intense or the:

recovery may. bie unacceptably long. The need periodical- .
1y to assess the ¢linical status of patients is also advanta-
- geous and often requires temporary reversal of sedation. = 25. Retves JQ. In: Prys-Roberts-C,’ Hug- (Eds).. mmwma.

The introduction of flumazenil as a specific benzodiaze- -

pine antagonist provides the. clinician with a safe and '

effective method ‘of reversing the ‘central depressant
effects of the benzod.iazepmes. either temporarily or
permanemly, whenever thts is lndlwed o a
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USE OF DEXMEDETOMIDINE FOR ICU
SEDATION

This application is a national stage filing of PCT Inter-
national Application No. PCT/F199/00266, filed on Mar. 31,
1999, which claims priority to U.S. Provisional Application
Ser. No. 60/080,287, filed on Apr. 1, 1998, and which also
claims priority to U.S. Provisional Application Ser. No.
60/110,944, filed on Dec. 4, 1998.

BACKGROUND OF THE INVENTION

The present invention relates to the use of dexmedetomi-
dine or a pharmaceutically acceptable salt thereof in inten-
sive care unit (ICU) sedation. In addition to the actual
sedation of a patient in the ICU, the word sedation in the
ICU context also includes the treatment of conditions that
affect patient comfort, such as pain and anxiety. Also, the
word intensive care unit includes any setting that provides
intensive care. Accordingly, the present invention relates to
a method of sedating a patient while in the ICU by admin-
istering dexmedetomidine or a pharmaceutically acceptable
salt thereof. Particularly, the present invention relates to a
method of sedating a patient while in the ICU by adminis-
tering dexmedetomidine or a pharmaceutically acceptable
salt thereof, wherein dexmedetomidine is essentially the sole
active agent or the sole active agent administered for this
purpose. The present invention also relates to the use of
dexmedetomidine or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for intensive
care unit sedation.

Patients recovering from an episode of critical illness
have reported factors they found most distressing during
their ICU stay (Gibbons, C. R., et al., Clin. Intensive Care
4 (1993) 222-225). The most consistently unpleasant
memories are anxiety, pain, fatigue, weakness, thirst, the
presence of various catheters, and minor procedures such as
physiotherapy. The aim of ICU sedation is to ensure that the
patient is comfortable, relaxed, and tolerates uncomfortable
procedures such as placement of iv-lines or other catheters,
but is still arousable.

At the moment, there is no universally accepted sedative
regimen for critically ill patients. Thus, these patients
receive a variety of drugs during their stay in an ICU, often
receiving the variety of drugs concurrently The agents used
most commonly are given to achieve patient comfort. Vari-
ous drugs are administered to produce anxiolysis
(benzodiazepines), amnesia (benzodiazepines), analgesia
(opioids), antidepression (antidepressants/benzodiazepines),
muscle relaxation, sleep (barbiturates, benzodiazepines,
propofol) and anaesthesia (propofol, barbiturates, volatile
anesthetics) for unpleasant procedures. These agents are
cumulatively called sedatives in the context of ICU sedation,
though sedation also includes the treatment of conditions
that affect patient comfort, such as pain and anxiety, and
many of the drugs mentioned above are not considered
sedatives outside the context of ICU sedation.

The presently available sedative agents are associated
with such adverse effects as prolonged sedation or overse-
dation (propofol and especially poor metabolizers of
midazolam), prolonged weaning (midazolam), respiratory
depression (benzodiazepines, propofol, and opioids),
hypotension (propofol bolus dosing), bradycardia, ileus or
decreased gastrointestinal motility (opioids), immunosup-
pression (volatile anaesthetics and nitrous oxide), renal
function impairment, hepatotoxicity (barbiturates), toler-
ance (midazolam, propofol), hyperlipidemia (propofol),
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increased infections (propofol), lack of orientation and
cooperation (midazolam, opioids, and propofol), and poten-
tial abuse (midazolam, opioids, and propofol).

In addition to the adverse effects of every individual
sedative agent, the combination of these agents
(polypharmacy) may cause adverse effects. For example, the
agents may act synergistically, which is not predictable; the
toxicity of the agents may be additive; and the pharmaco-
kinetics of each agent may be altered in an unpredictable
fashion. In addition, the possibility of allergic reactions
increases with the use of more than one agent. Furthermore,
these adverse effects might necessitate the use of additional
agents to treat the adverse effects, and the additional agents
themselves may have adverse effects.

The preferred level of sedation for critically ill patients
has changed considerably in recent years. Today, most
intensive care doctors in the ICU prefer their patients to be
asleep but easily arousable, and the level of sedation is now
tailored towards the patient’s individual requirements.
Muscle relaxants are seldom used during intensive care. As
cardiovascular stability is also desired in this often high-risk
patient population, hemodynamically active agents are often
needed for adequate hemodynamic control despite sufficient
sedation.

o.,-adrenoceptor agonists are being evaluated in general
anaesthetic practice because of their sympatholytic,
sedative, anaesthetic, and hemodynamic stabilizing effects.
Tryba et al. discussed the usefulness of o,-agonists in
situations where patients with withdrawal symptoms are
treated in the ICU (Tryba et al., Drugs 45 (3) (1993),
338-352). The only a,-agonist mentioned was clonidine,
which was used in conjunction with opioids,
benzodiazepines, ketamine, and neuroleptics. Tryba et al.
suggest that clonidine may be useful in ICU patients with
withdrawal symptoms, but Tryba et al. only briefly mention
the use of clonidine for ICU sedation. Furthermore, Tryba et
al. only mention clonidine as a supplement to other sedatives
for ICU sedation.

According to Tryba et al., clonidine has its limitations in
sedating critically ill patients mainly because of its unpre-
dictable hemodynamic effects, i.e., bradycardia and
hypotension, so that it must be titrated for each individual
patient. Long term treatment of critically ill patients with
clonidine has been reported to be associated with such
rebound effects as tachycardia and hypertension.

a.,-agonists are not presently used by themselves in ICU
sedation. Further, c,-agonists are not generally used in ICU
sedation even in conjunction with other sedative agents.
Only clonidine has been evaluated for use in ICU sedation,
and then only in conjunction with opioids, benzodiazepines,
ketamine, and neuroleptics. Further, administration of cloni-
dine as essentially the sole active agent or the sole active
agent to a patient in the ICU to achieve sedation has not been
disclosed to the best of applicants’ knowledge.

An ideal sedative agent for a critically ill patient should
provide sedation at easily determined doses with ready
arousability together with hemodynamic stabilizing effects.
Further, it should be an anxiolytic and an analgesic, and
should prevent nausea, vomiting, and shivering. It should
not cause respiratory depression. Preferably, an ideal seda-
tive agent should be used by itself in ICU sedation to avoid
the dangers of polypharmacy.

Dexmedetomidine, or (+)-(S)-4-[1-(2,3-dimethylphenyl)
ethyl]-1H-imidazole, has the following formula:

J.A.99



Case 1:18-cv-00303-RGA

Document 59 Filed 10/15/18 Page 102 of 108 PagelD #: 1401

US 6,716,867 B1

C CH,

CH,

Dexmedetomidine is described in U.S. Pat. No. 4,910,214
as an a.,-receptor agonist for general sedation/analgesia and
the treatment of hypertension or anxiety. U.S. Pat. Nos.
5,344,840 and 5,091,402 discuss dexmedetomidine in perio-
perative and epidural use, respectively. U.S. Pat. No. 5,304,
569 discusses the use of dexmedetomidine in glaucoma.
U.S. Pat. No. 5,712,301 discusses the use of dexmedetomi-
dine for preventing neurodegeneration caused by ethanol
consumption.

Medetomidine, which is the racemic mixture of dexme-
detomidine and levomedetomidine, is known as a selective
and potent o,-agonist and has been described in U.S. Pat.
No. 4,544,664 as an antihypertensive agent and in U.S. Pat.
No. 4,670,455 as a veterinary sedative-analgesic agent.

In US. Pat. Nos. 4,544,664 and 4,910,214, parenteral,
intravenous, and oral ways of administration are discussed.
U.S. Pat. No. 4,670,455 describes intramuscular and intra-
venous administration. U.S. Pat. Nos. 5,124,157 and 5,217,
718 describe a method and device for administering dexme-
detomidine through the skin. U.S. Pat. No. 5,712,301 states
that dexmedetomidine can be administered transmucosally.

The U.S. Patents discussed herein are specifically incor-
porated by reference in their entirety.

SUMMARY OF THE INVENTION

It has been unexpectedly found that dexmedetomidine or
a pharmaceutically acceptable salt thereof is an ideal seda-
tive agent to be administered to a patient in the ICU to
achieve patient comfort. Accordingly, an object of the inven-
tion is to provide a method of sedating a patient while in the
ICU that comprises administering dexmedetomidine or a
pharmaceutically acceptable salt thereof for a time sufficient
to give the desired therapeutic effect.

It should be noted that the method for sedating a patient
in the ICU encompasses all of the potential ICU uses of
dexmedetomidine and a pharmaceutically acceptable salt
thereof, including all potential uses that derive from their
activity as a,,-agonists, e.g., their use as hypotensive agents,
anxiolytics, analgesics, sedatives, and the like. It should also
be noted that the word intensive care unit encompasses any
setting that provides intensive care.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

In one aspect, the invention relates to a method of
sedating a patient while in the ICU by administering dexme-
detomidine or a pharmaceutically acceptable salt thereof,
wherein dexmedetomidine is essentially the sole active
agent or the sole active agent. The method is premised on the
discovery that essentially only dexinedetomidine or a phar-
maceutically acceptable salt thereof need to be administered
to a patient in the ICU to achieve sedation and patient
comfort. No additional sedative agents are required.
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In a further aspect, the invention relates to a use of
dexmedetomidine or a pharmaceutically acceptable salt
thereof in ICU sedation.

A further aspect of the invention relates to a use of
dexmedetomidine or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for ICU seda-
tion.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the Ramsay Scale that was developed for
the assessment of sedation in experimental subjects. In this
system, the level of wakefulness is scored on a scale of 1-6
(Ramsey Sedation Score) based on progressive loss of
responsiveness to stimuli ranging from auditory to deep
painful stimuli.

FIG. 2 shows the dosing period from the Phase III
dexmedetomidine study described in Example 3, case No.
13. The dotted line signifies Ramsay Sedation Score fluc-
tuations and the solid line signifies dexmedetomidine dose
adjustments.

DETAILED DESCRIPTION OF THE
INVENTION

Applicants have surprisingly discovered that dexmedeto-
midine or a pharmaceutically acceptable salt thereof is an
ideal agent to be administered to a patient in the ICU for
achieving sedation and patient comfort. Particularly, it has
been found that dexmedetomidine or a pharmaceutically
acceptable salt thereof can be essentially the sole active
agent or the sole active agent administered to a patient in the
ICU in order to sedate the patient.

The method for sedating a patient in the ICU encompasses
all of the potential ICU uses of dexmedetomidine and a
pharmaceutically acceptable salt thereof, including all
potential uses that derive from their activity as a,-agonists,
e.g., their use as hypotensive agents, anxiolytics, analgesics,
sedatives, and the like.

The word intensive care unit encompasses any setting that
provides intensive care. The word patient is intended to
include both human and animal patients. Preferably, the
animal patient is a mammal, especially a dog, a cat, a horse,
Or a Cow.

The quality of the sedation in the ICU achieved by
administering dexmedetomidine is unique. Patients sedated
by dexmedetomidine or a pharmaceutically acceptable salt
thereof are arousable and oriented, which makes the treat-
ment of the patient easier. The patients can be awakened and
they are able to respond to questions. They are aware, but not
anxious, and tolerate an endotracheal tube well. Should a
deeper level of sedation or more sedation be required or
desired, an increase in dexmedetomidine dose smoothly
transits the patient into a deeper level of sedation. Dexme-
detomidine does not have adverse effects associated with
other sedative agents, such as, respiratory depression,
nausea, prolonged sedation, ileus or decreased gastrointes-
tinal motility, or imnmunosuppression. Lack of respiratory
depression should allow dexmedetomidine to be used also
for non-ventilated, critically ill patients who require
sedation, anxiolysis, analgesia, and hemodynamic stability
yet must remain oriented and easily aroused. In addition, it
is water soluble and, thus, does not increase the lipid load in
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patients sedated for long periods of time. A predictable
pharmacological response can be achieved by administering
dexmedetomidine or a pharmaceutically acceptable salt
thereof to a patient in the ICU.

Dexmedetomidine or a pharmaceutically acceptable salt
thereof can be administered perorally, transmucosally,
transdermally, intravenously or intramuscularly. One skilled
in the art would recognize the doses and dosage forms
suitable in the method of the present invention. The precise
amount of the drug administered according to the invention
is dependent on numerous factors, such as the general
condition of the patient, the condition to be treated, the
desired duration of use, the route of administration, the type
of mammal, etc. The dose range of dexmedetomidine can be
described as target plasma concentrations. The plasma con-
centration range anticipated to provide sedation in the
patient population in the ICU varies between 0.1-2 ng/ml
depending on the desired level of sedation and the general
condition of the patient. These plasma concentrations can be
achieved by intravenous administration by using a bolus
dose and continuing it by a steady maintenance infusion. For
example, the dose range for the bolus to achieve the fore-
mentioned plasma concentration range in a human is about
0.2-2 ug/kg, preferably about 0.5-2 ug/kg, more preferably
1.0 ug/kg, to be administered in about 10 minutes or slower,
followed by a maintenance dose of about 0.1-2.0 ug/kg/h,
preferably about 0.2-0.7 ug/kg/h, more preferably about
0.4-0.7 ug/kg/h. The time period for administering dexme-
detomidine or a pharmaceutically acceptable salt thereof
depends on the the desired duration of use.

The chemical form for dexynedetomidine can be the free
base or an acid addition salt. Such acid addition salts may be
formed, for example, with inorganic acids, such as, hydro-
chloric acid, hydrobromic acid, sulfiric acid, nitric acid,
phosphoric acid and the like, and organic acids such as acetic
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
malic acid, malonic acid, succinic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid and the like.

The invention will be further clarified by the following
example, which is intended to be purely exemplary of the
invention.

EXAMPLE 1

The efficacy, safety and titratability of dexmedetomidine
in postoperative coronary artery bypass graft(s) patients
(CABG), requiring sedation in the ICU was studied. The
patients were intubated for 8-24 hours. All patients were
administered dexmedetomidine within 1 hour of admission
to the ICU, and dexmedetomidine infusion was continued
until 6 hours after extubation. Dexmedetomidine was used
in the form of an HCl salt (100 ug/ml, base) in 0.9% sodium
chloride solution, and it was administered as a two-stage
infusion (a loading dose followed by a maintenance
infusion) utilizing standard syringe pump and iv adminis-
tration sets.

12 patients were selected and divided into two groups.
The first 6 patients were administered a loading dose of 6
ug/kg/h of dexmedetomidine over a 10-minute period, fol-
lowed by a maintenance infusion of 0.2 ug/kg/h. The second
group of 6 patients were initially administered a loading
dose of 6.0 ug/kg/h of dexmedetomidine over a 10 minute
period, followed by a maintenance infusion of 0.4 ug/kg/h.
The infusion rate in both groups was maintained between a
range of 0.2 to 0.7 ug/kg/h. After the clinical effects of
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sedation became evident (approximately within 15 to 30
minutes) the maintenance rate of infusion could be adjusted
in increments of 0.1 ug/kg/h or higher to achieve and
maintain a Ramsey Sedation Score level of 3 or higher (see
FIG. 1).

Vital signs, adverse events, and sedation scores were
recorded during the study. The patients did not receive any
of the following medications during the administration of
dexmedetomidine: sedating agents, neuromuscular blocking
agents except for insertation of the endotracheal tube, and
epidural or spinal analgesic/anaesthetic agents. Two patients
required morphine for pain. One patient had two serious
adverse events: circulatory failure and myocardial infarc-
tion. The myocardial infarction, due to incomplete
revascularization, led to death 13 days after the study drug
infusion had been discontinued. The myocardial infarction
had little or no temporal relationship to dexmedetomidine.
In fact, incomplete revascularization is one of the most
common adverse events after a CABG operation, and it
sometimes leads to death.

During the administration of dexmedetomidine, the blood
pressure and heart rate variability were decreased, meaning
more stable and predictable hemodynamics without the need
for pharmacological interventions to either treat high blood
pressure or heart rate, e.g., with beta-blockers, or to increase
sedation/anxiolysis with benzodiazepins or propofol. In
conclusion, the patients were conveniently sedated, hemo-
dynamically stable, and remained easily arousable for con-
trol of subjective well being with only one pharmaceutical,
dexmedetomidine.

The example shows that dexmedetomidine is an ideal
agent for sedating a patient in the ICU, providing a unique
quality of sedation and patient comfort.

EXAMPLE 2

A double-blind, randomized, placebo-controlled study
was conducted to evaluate the efficacy, safety, and titratabil-
ity of dexmedetomidine in mechanically ventilated patients
requiring sedation in the ICU. The study was conducted in
postoperative CABG patients requiring sedation in the ICU.
Twelve adult postoperative CABG patients requiring
mechanical ventilation in the ICU who met the study selec-
tion criteria were eligible for participation.

The selection criteria were as follows. The patients
required sedation for mechanical ventilation for a minimum
of 8 hours following surgery, followed by continued seda-
tion for 6 hours after extubation. The patients were not to
have been intubated longer than 24 hours to be evaluable for
the test. The patients received only morphine for manage-
ment for pain and received none of the following medica-
tions during study drug administration: sedating agents other
than midazolam, neuromuscular blocking agents except for
insertion of the endotrachael tube, epidural or spinal
analgesic/anesthetic agents.

Safety was evaluated through the monitoring of adverse
events, cardiac monitoring, laboratory tests, vital signs,
oxygen saturation, and concomitant medications.

Twelve patients were randomly assigned to receive either
dexmedetomidine or placebo with rescue treatment for seda-
tion with midazolam, as clinically indicated. Patients ran-
domized to dexmedetomidine were to receive a 10-minute
loading dose of 6.0 ug/kg/h, followed by an initial mainte-
nance infusion. The rate of maintenance infusion was 0.4
ug/kg/h. The maintenance rate of infusion could be titrated
in increments of 0.1 ug/kg/h to achieve and maintain a
Ramsey Sedation Score of 3 or higher. The range for the

J.A.101



Case 1:18-cv-00303-RGA Document 59 Filed 10/15/18 Page 104 of 108 PagelD #: 1403

US 6,716,867 B1

7

maintenance infusion was to be kept between 0.2 and 0.7
ug/kg/h. Dexmedetomidine administration was to begin
within one hour after admission to the ICU and continued
until 6 hours after extubation. Dexmedetomidine was used
in the form of an HCl salt (100 ug/ml, base) in 0.9% sodium
chloride solution, and it was administered utilizing standard
syringe pump and iv administration sets. The placebo was
0.9% sodium chloride solution administered the same way
dexmedetomidine was administered.

The six dexmedetomidine-sedated patients remained
adequately sedated and did not require any midazolam.
Conversely, five of the six placebo-treated patients required
the administration of midazolam to achieve sufficient
(Ramsay Sedation Score=3) levels of sedation (total mean
midazolam mg/kg/h+SEM=0.018+0.005). The difference
between the two treatment groups in mean total dose of
midazolam received during the study was statistically sig-
nificant (p=0.010). The overall level of sedation was com-
parable between the two groups, but the administration of
dexmedetomidine resulted in stable Ramsey Sedation
Scores, characterized by minimal variability over time,
compared with intermittent sedation (Ramsey Sedation
Score=3) and agitation (Ramsey Sedation Score of 1)
among placebo-treated patients.

Dexmedetomidine also demonstrated analgesic properties
in this patient population, as measured by the total dose of
morphine administered throughout the duration of the study.
One of six dexmedetomidine-treated patients required mor-
phine administration for management of pain compared to
five of the six placebo-treated patients. The difference
between the treatment groups in mean total dose of mor-
phine was statistically significant (p=0.040).

In conclusion, patients treated with dexmedetomidine
required significantly less midazolam for sedation or mor-
phine for pain than did patients who received placebo.
Sedation levels for dexmedetomidine-treated patients were
more stable than those for placebo-treated patients who
received midazolam. Dexmedetomidine was safe and well
tolerated, and it produced no clinically apparent respiratory
depression after cessation of assisted ventilation.

EXAMPLE 3

Two Phase III dexmedetomidine multicenter clinical trials
(Trial 1 and Trial 2) have been conducted in ICU sedation in
Europe and Canada. Each trial had two parts, i.e., an
open-label part (Part I) and double-blind, randomized,
placebo-controlled part (Part IT). The trials were designed to
evaluate the reduction in requirements for ICU sedation (as
measured by administration of other sedative/analgesic
agents) in patients receiving dexmedetomidine. The use of
propofol and morphine for sedation and analgesia,
respectively, was evaluated in one trial (Trial 1), and mida-
zolam and morphine in the other trial (Trial 2). A total of 493
patients were enrolled and treated in Trial 1 and 438 patients
were enrolled and treated in Trial 2.

In Part I of the trials patients were to be administered a 6.0
ug/kg/h loading dose of dexmedetomidine over a 10-minute
period, followed by an initial maintenance infusion of 0.4
ug/kg/h. During Part II of the study, patients were randomly
assigned to receive either placebo (0.9% sodium chloride
solution) or dexmedetomidine. Dexmedetomidine was used
as an HCI salt (100 mg/ml, base) in 0.9% sodium chloride
solution, and it was administered utilizing standard syringe
pump and iv administration sets. The dexmedetomidine
dosing protocol was the same as in the Part I of the study.
For both parts of the study, following the initial maintenance
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infusion, the rate of infusion could have been adjusted in
increments of 0.1 ug/kg/h or higher. The infusion rate during
intubation was to have been maintained in the range of 0.2
to 0.7 ug/kg/h in order to achieve and maintain a Ramsey
Sedation Score of 3 or higher. Following extubation, the
infusion rate was to be adjusted to achieve a Ramsay
Sedation Score of 2 or higher.

During the 10-minute loading dose, additional medication
was to be avoided, but propofol (0.2-mg/kg bolus) in Trial
1 and midazolam (1-mg bolus) in Trial 2 could be given if
necessary. During dexmedetomidine infusion, rescue medi-
cations were limited to propofol (0.2 mg/kg IV boluses) in
Trial 1 and midazolam (0.2-mg/kg I'V boluses) in Trial 2 for
sedation and morphine for pain (2-mg IV boluses). After
extubation, paracetamol was to be permitted for pain as
clinically indicated. Propofol and midazolam were to be
given only after increasing the dexmedetomidine infusion
rate. Dexmedetomidine administration in Parts I and II was
to begin within 1 hour of admission to the ICU and to be
continued for 6 hours after extubation to a maximum of 24
hours total study drug infusion. Patients were observed and
assessed for an additional 24 hours after cessation of dexme-
detomidine.

The conclusions from the Trials 1 and 2 are as follows.
The patients treated with dexmedetomidine required signifi-
cantly less propofol (Trial 1) or midazolam (Trial 2) for
sedation or morphine for pain than patients who received
placebo. The sedation levels for dexmedetomidine-treated
patients were achieved more quickly than those for placebo-
treated patients who received propofol or midazolam.
Dexmedetomidine was safe and well tolerated: the adverse
events and laboratory changes reported in these studies were
to be expected in a postsurgical population.

During Trial 1, Part I three dexmedetomidine-treated
patients died, and during Trial 1, Part II, three
dexmedetomidine-treated patients died and one placebo-
treated patient died. However, none of the adverse events
leading to death were considered to be related to dexme-
detomidine administration. No deaths occurred among
dexmedetomidine-treated patients in Part I and Part II of
Trial 2,but five placebo-treated patients died. Dexmedeto-
midine produced changes in systolic blood pressure, dias-
tolic blood pressure, and heart rate consistent with the
known pharmacological effect of a,-agonists. Further,
dexmedetomidine produced no clinically apparent respira-
tory depression after cessation of assisted ventilation.

The following 16 cases are from the above mentioned Part
IT of trials 1 and 2. The cases indicate that dexmedetomidine
has analgesic properties and provides effective sedation and
anxiolysis while allowing patients to remain oriented and
communicative.

1. A 86-year-old female patient underwent abdominal
resection due to a tumor in the colon. Surgery was
performed with a short-acting analgesia (remifentanil).
The patient was a non-smoker and had no cardiac
history apart from elevated blood pressure. On arrival
in the ICU, she required two doses each of morphine
and midazolam. Dexmedetomidine was started at a
loading dose of 6 ug/kg/h for 10 minutes and was
maintained at a rate of 0.4 ug/kg/h for 30 minutes,
followed by a mean dose of 0.5 ug/kg/h. The patient’s
Ramsay Sedation Score was 6 during the first hour, then
decreased to 3 and, later, to 2. While receiving
dexmedetomidine, the patient required only one dose of
morphine 5 minutes before extubation. Extubation was
performed at 6.5 hours and was uneventful.
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2. A 66-year-old male patient underwent lobectomy of the
right lung. The patient was formerly a heavy smoker
(three packs a day) but had stopped 10 years previously.
He had a history of daily alcohol intake, severe respi-
ratory insufficiency and heart failure. On admission to
the ICU, he was given a loading dose of dexmedeto-
midine of 6 ug/kg/h for 10 minutes, followed by an
infusion at a rate of 0.2 to 0.7 ug/kg/h (titrated to the
desired level of sedation) for 12 hours. Two hours after
the start of the infusion, the patient exhibited hypoten-
sion (blood pressure of 70/40 mm Hg), but this resolved
after crystalloid infusion without the need for vaso-
pressor drugs. The patient recovered spontaneous ven-
tilation 6 hours after surgery and was extubated at 6
hours and 15 minutes. The patient required no mor-
phine or other analgesic during the 12-hour dexme-
detomidine infusion. He did require morphine for pain
after the infusion was terminated.

. A 68-year-old male patient was admitted to the ICU
after undergoing coronary artery bypass surgery for
three-vessel disease. He had non-insulin-dependent
diabetes mellitus and a history of atrial fibrillation and
myocardial infarction. He was a nonsmoker who drank
a glass of wine per day. Dexmedetomidine was admin-
istered at a loading dose of 6 ug/kg/h for 10 minutes
followed by a maintenance dose of 0.2 to 0.3 ug/kg/h.
The patient required no midazolam or morphine while
receiving dexmedetomidine. His Ramsay Sedation
Score was 6 during the first hour (baseline score, i.c.,
the patient was fully anaesthetized after surgery), then
decreased to 4 and subsequently reached 3. A transient
increase in blood pressure occured one hour into the
postoperative course. The patient was extubated at
approximately 6 hours, and his blood pressure
increased again after the dexmedetomidine infusion
was discontinued.

. A 55-year-old male patient with a history of alcohol
abuse underwent surgery for head and neck cancer. A
dexmnedetomidine infusion (0.5 to 0.7 ug/kg/h) was
started when the patient arrived in the ICU. He main-
tained hemodynamic stability throughout the infusion
and exhibited no withdrawal symptoms. He required
only 2 mg of morphine and 2 mg of midazolam
immediately after extubation.

. A 47-year-old male patient with a history of high
alcohol intake underwent removal of a pharyngeal
tumor and reconstruction with a jejunal flap. The sur-
gical procedure lasted 10 hours during which the
patient lost 3000 ml of blood and required transfusion
of six units of blood. In the ICU, dexmedetomidine was
administered in a loading dose of 6 ug/kg/h for 10
minutes followed by maintenance doses of 0.4 ug/kg/h
for 35 minutes, 0.6 ug/kg/h for 20 minutes, and then 0.7
ug/kg/h for the remainder of the infusion. The patient
remained calm and cooperative while receiving dexme-
detomidine and his Ramsey Sedation Score was easily
maintained between 2 and 3. He received a 2 mg dose
of midazolam at 46 minutes and again at 66 minutes
after the start of the dexmedetomidine infusion. Con-
sidering the nature of the surgery and the patient’s
history of alcohol consumption, initial postoperative
morphine requirements were quite modest (24 mg).
Yet, the morphine dose required escalated to 76 mg
after the infusion of dexmedetomidine was discontin-
ued.

. A 35-year-old male patient with a history of “binge”
drinking suffered bilateral lung contusions, several
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cracked ribs, and a large pelvic fracture in a traffic
accident. He had uneventful general anesthesia during
a 6-hour operation to repair his fractured pelvis. The
blood loss was 400 ml, requiring a six-unit blood
transfusion with cell saver. The patient received 70 mg
of morphine intraoperatively. In the ICU, dexmedeto-
midine was administered at a loading dose of 6 ug/kg/h
for 10 minutes.

The maintenance infusion was initiated at a rate of 0.4
ug/kg/h and was increased to 0.7 ug/kg/h during the first 3
hours. The patient’s Ramsey Sedation Score was maintained
at approximately 4. He was calm, comfortable, and required
no morphine or midazolam. The patient was eligible for
extubation at 6 hours. However, as this occured at 2:00 am,
a decision was made to continue mechanical ventilation until
the following morning. The dexmedetomidine dose varied
between 0.3 and 0.5 ug/kg/h for approximately the final 160
minutes of the infusion.

The patient was awake, alert, and able to communicate in
writing that he wanted the endotracheal tube removed. When
the maximum allowable dose of dexinedetomidine, per
protocol, was reached and when the patient became agitated
and insistent over the removal of his endotracheal tube,
doses of midazolam (totaling 16 mg) were administered.
Despite his agitation, the patient remained free of pain and
required no morphine while on dexmedetomidine. After
extubation and cessation of the dexmedetomidine infusion,
the patient required 4 mg of morphine before discharge from
the ICU and nearly 50 mg of morphine during the first few
hours after he returned to the ward. This need for more
analgesia was considered a physiological response to pain,
rather than a rebound effect.

7. A 60-year-old male alcoholic (35 units per week with
fatty changes on liver ultrasound) underwent repair of
an abdominal aortic aneurysm. He had a 40-year his-
tory of smoking, hypertension, angina pectoris, and
pulmonary fibrosis. The surgery was technically diffi-
cult and took 3 hours. Blood loss was 3100 ml, and 6
units of blood were transfused. Morphine (30 mg) was
administered intraoperatively. The patient was haemo-
dynamically stable on arrival in the ICU. Dexmedeto-
midine was started at a loading dose of 6 ug/kg/h for 10
minutes followed by a maintenance dose of 0.4 ug/kg/h
titrated to 0.7 ug/kg/h by the second hour. The Ramsey
Sedation Score was maintained at approximately 4.
Morphine requirements fluctuated markedly during the
patient’s first 6 hours in the ICU.

The patient was awake, oriented, and able to communi-
cate that he was experiencing significant pain. At approxi-
mately 7 hours, with the dexmedetomidine dose at 0.5
ug/kg/h, it was determined that the entire graft was tearing
off and the bottom disintegrating and pulling away from the
posterior abdominal wall. Morphine requirements continued
to escalate due to ongoing bleeding. The use of higher
infusion rates of dexmedetomidine was limited by the pres-
ence of haemodynamic instability as a consequence of the
bleeding. The patient was subsequently returned to surgery.
Timely surgical intervention was facilitated by the patient’s
ability to communicate the breakthrough pain he experi-
enced while receiving dexmedetomidine.

8. A patient underwent rectal extirpation and colostomy
placement. Propofol was used for induction of anes-
thesia and oxygen/nitrous oxide/isoflurane for mainte-
nance. In addition, remifentanil was started just after
induction and continued until after the patient arrived in
the ICU. A propofol infusion (70 mg) was also admin-
istered as the patient was transported to the ICU. By the
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time the patient arrived in the ICU, he was awake but
agitated and restless with a Ramsey Sedation Score of
1. Propofol and remifentanil were stopped within min-
utes of the patient’s arrival. Repeated bolus doses of
propofol 10 mg were required to manage the patient’s
agitation. A dexmedetomidine loading dose (0.4 ug/kg/
h) was administered with propofol 20 mg at approxi-
mately 25 minutes after arrival in the ICU and was
followed by infusions of dexmedetomidine 0.7 ug/kg/h
and propofol 4 mg/kg/h. Repeated doses of morphine 2
mg were required during the first 20 minutes of dexme-
detomidine infusion. The patient’s Ramsey Sedation
Score continually increased until the patient was over-
sedated with a score of 6. Approximately two hours
after arrival in the ICU, the propofol infusion was
reduced to 2 mg/kg/h and subsequently to 1 mg/kg/h.
At 3 hours, propofol was discontinued and the dexme-
detomidine infusion was tapered to 0.2 ug/kg/h. No
additional propofol or morphine was required.

This case illustrates the importance of administrating
dexmedetomidine before the analgesics administered pre-
ICU have has lost their effect. This is particularly important
when an agent with a very short half-life, such as
remifentanil, is used. Experience with intraoperative
remifentanil, in particular, has shown that due to its very
rapid offset, postoperative pain is perceived early, thereby
increasing the requirement for postoperative analgesia.

9. A 60-year-old man with renal carcinoma underwent an
uncomplicated 3-hour radical nephrectomy. He had no
significant previous medical history. During surgery, he
received balanced anesthesia. Postoperatively, the
patient was comfortable, experienced no respiratory
difficulties, and was discharged from the ICU the
following day. While receiving dexmedetomidine, he
had a Ramsey Sedation Score of 3. He had no major gas
exchange problems and PaCO, was stable during
mechanical ventilation, assisted spontaneous breathing,
extubation, and spontaneous breathing. His breathing
pattern was essentially unchanged in the immediate
postoperative period, while on assisted spontaneous
breathing and after extubation. This patient’s experi-
ence exemplifies the absence of a respiratory depres-
sant effect with dexmedetomidine.

10. A58-year-old female patient was scheduled for double
coronary bypass surgery. Her past history revealed high
blood pressure, angina pectoris, and type II diabetes.
Intraoperatively, she received sufentanil, midazolam,
pancuronium, and propofol. She arrived in the ICU at
7:20 pm and received a bolus of 1 ug/kg of dexme-
detomidine over 10 minutes followed by an infusion of
0.4-0.7 ug/kg/h. Extubation took place at 7:50 am the
next morning and dexmedetomidine was continued
until 1:40 pm. She had an uneventful post-operative
course. While on dexmedetomidine and intubated, she
had a Ramsey Sedation Score of 4. She was calm,
easily arousable, and well- oriented. She was not fright-
ened by her surroundings (noises, personnel, and moni-
toring devices). After extubation, the dexmedetomidine
infusion was progressively decreased to 0.3 ug/kg/h
and her Ramsey Sedation Score oscillated between 2
and 3. She remained calm, cooperative and had no
respiratory depression. She required no additional seda-
tives and very little analgesia during the dexmedeto-
midine infusion. After the dexmedetomidine infusion
was stopped, she became restless, uncomfortable, and
loquacious. Her anxiety profile differed considerably
on and off medication. When questioned, she had no
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amnesia of her ICU stay, yet exhibited no distress or
unpleasant recall.

11. A54-year-old male patient underwent quadruple coro-

nary bypass surgery. He had a 35-year history of
excessive alcohol intake, but had reduced his consump-
tion during the 6 weeks preceding surgery. Even though
alcoholic patients commonly exhibit increased levels of
anxiety and agitation in the ICU, this individual had an
excellent postoperative course while receiving dexme-
detomidine. He remained calm and quiet, yet well
oriented. The dexmedetomidine infusion was main-
tained between 0.3 and 0.7 w/kg/h and no additional
sedatives were required. He was extubated the evening
of his surgery, however, the dexmedetomidine infusion
was continued until the next morning. On questioning,
he indicated that he was extremely satisfied with his
stay in the ICU.

12. A 49-year-old female patient underwent aortic valve

replacement through a Ross procedure. The patient was
unaware of her cardiac condition until the week pre-
ceding her surgery, was not psychologically prepared,
and exhibited a high degree of anxiety preoperatively.
On arrival in the ICU, she received a dexmedetomidine
bolus of 1 ug/kg over a 10-minute period followed by
a dexmedetomidine infusion between 0.2-0.5 ug/kg/h.
She was extubated the evening of her surgery and
dexmedetomidine was continued through until the next
morning. During her postoperative course, the patient
was calm, had no fear or apprehension, and was well
oriented even though she had a little amnesia. She had
excellent evolution and was very comfortable with her
ICU experience.

13. The patient was a hypertensive, 51-year-old male with

nephrolithiasis and a “silent” left kidney. He was admit-
ted for a nephrectomy. Comorbidities included a hiatal
hernia, gastric ulcer and diverticulum, and hepatic fatty
metamorphosis. Other than these abnormalities, physi-
cal examination was within normal limits. His opera-
tive course and anaesthetic course were uneventful and
he reached the ICU with a baseline Ramsey Sedation
Score of 4. The desired level of sedation was very
easily achieved with little dose adjustment of the
infused dexmedetomidine as shown in FIG. 2. The
patient could be easily roused and was able to com-
municate his needs to the nursing staff. Despite the
presence of an endotracheal tube, he remained calm and
asleep when free of external stimuli. The patient was
extubated at 6 hours after ICU admission. Despite
frequent assessments of his pain and opportunities to
request additional analgesia, he required only a single
dose (2 mg) of morphine sulfate at 6 hours into the
study period. His postoperative course was uneventful
except for one episode of moderate hypotension 14
hours after the initiation of dexmedetomidine admin-
istration and nearly 3 hours after the discontinuation of
dexmedetomidine infusion. The patient responded to
crystalloid infusion and the episode was attributed by
the physician to the effects of morphine and possibly a
mild volume deficit. Post-study, the patient’s only
complaint was somatic pain at the incision site. When
interviewed, the patient stated that although the pres-
ence of the endotracheal tube was uncomfortable, were
he to be readmitted to the unit he would request the
same sedative he had received during the present
hospitalization.

14. A 42-year-old male who had undergone coronary

artery bypass surgery arrived in the ICU with a Ramsey
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Sedation Score of 5 (asleep, sluggish responses to light
glabellar tap or loud auditory stimuli). A loading dose
of dexmedetomidine 6 ug/kg/h was administered fol-
lowed by maintenance infusion at a dose of 0.4 ug/kg/h.
The patient had a Ramsey Sedation Score of 6 (asleep,
no response) for the first half hour. However, the
infusion was rapidly and easily titrated to achieve and
maintain a score of 2 (cooperative, oriented, tranquil)
or a score of 3 (patient responds to commands) during
the remainder of his stay in the ICU. No evidence of
haemodynamic instability was observed and no opiate
was required. The patient was extubated at approxi-
mately 6 hours and the rest of his ICU course was
uneventful. He experienced moderate pain after extu-
bation and the pain was easily controlled with a single
injection of morphine 2 mg.

15. A 58-year-old male underwent valve replacement for
aortic stenosis. In the ICU, he received a dexmedeto-
midine infusion titrated to achieve a Ramsey Sedation
Score of approximately 3. He was oriented and coop-
erative. At one point, the infusion rate was increased
because the patient began to experience pain.
Importantly, he was able to communicate his need for
pain relief, and dose titration rapidly restored his com-
fort rapidly.

16. The patient was a 62-year-old male, New York Heart
Association class III with aortic regurgitation, left
ventricular hypertrophy, and a dilated ascending aorta.
He also had arterial hypertension and exertional angina
(Canadian class IT) with a normal coronary arteriogram.
His preoperative medication was propranolol. The
patient underwent normothermic cardiopulmonary
bypass with replacement of the aortic valve and a
Bentall procedure. He was weaned uneventfully from
the pump after the 6-hour procedure and received no
postoperative inotropic support. The course in the ICU
was uneventful. The hemodynamic profile was smooth
without hypotension or episodes of bradycardia.
Although the patient did show an increase in blood
pressure following discontinuation of
dexmedetomidine, he entered the study with estab-
lished hypertension.

The cases described above illustrate the benefits of
dexmedetomidine sedation in critically ill patients. Appro-
priately sedated, the patients were oriented, physiologically
stable and experiencing minimal pain, discomfort and anxi-
ety. It is current practice to stop sedative drugs during
ventilator weaning and after extubation to avoid respiratory
depression. Such practice is not necessary with dexmedeto-
midine. Furthermore, dexmedetomidine increases patient
compliance with therapeutic interventions (e.g., mobiliza-
tion or chest physiotherapy) by removing fear of pain. This
is a remarkable constellation of effects for a single medica-
tion.
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Those skilled in the art will recognize that while specific
embodiments have been illustrated and described, various
modifications and changes may be made without departing
from the spirit and scope of the invention.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. Amethod of sedating a patient in an intensive care unit,
which comprises administering to the patient an effective
amount of dexmedetomidine of a pharmaceutically accept-
able salt thereof, wherein the patient remains arousable and
orientated.

2. The method according to claim 1, wherein the dexme-
detomidine or pharmaceutically acceptable salt is the sole
active agent.

3. Amethod of sedating a patient in an intensive care unit,
comprising administering a pharmaceutical composition to
the patient, wherein the pharmaceutical composition com-
prises an active agent and an inactive agent, wherein the
active agent consists of dexmedetomidine or a pharmaceu-
tically acceptable salt thereof, ane wherein the patient
remains arousable and orientated.

4. The method according to claim 1, wherein the dexme-
detomidine pharmaceutically acceptable salt thereof is
administered in an amount to achieve a plasma concentra-
tion of 0.1-2 ng/ml.

5. The method according to claim 4, wherein the dexme-
detomidine or pharmaceutically acceptable salt thereof is
administered intravenously.

6. The method according to claim 5, wherein a loading
dose and a maintenance dose of dexmedetomidine are
administered.

7. The method according to claim 6, wherein the patient
is a human.

8. The method according to claim 7, wherein the loading
dose of dexmedetomidine is 0.2-2 ug/kg.

9. The method according to claim 8, wherein the loading
dose is administered in about 10 minutes.

10. The method according to claim 7, wherein the main-
tenance dose of dexmedetomidine is 0.1-2.0 ug/kg/h.

11. The method according to claim 10, wherein the
maintenance dose is 0.2-0.7 ug/kg/h.

12. The method according to claim 11, wherein the
maintenance dose is 0.4-0.7 ug/kg/h.
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