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Appellant Frank Atwood hereby replies to the Attorney General’s Response to
Motion for Assignment for Evidentiary Development (5/7/2021) (“Response”). The
Response resolves none of the material factual issues requiring remand identified in
Mr. Atwood’s Motion for Assignment for Evidentiary Development (4/28/2021)
(“Evidentiary Motion”). If anything, the Attorney General has only deepened the
evidentiary disputes he created in his Motion to Set Briefing Schedule for Motion for
Warrant of Execution (4/6/2021) (“Scheduling Motion”). Because material factual
disputes essential to a fair determination of the Scheduling Motion cannot be resolved
based upon the current record, the Evidentiary Motion should be granted and this
matter should be remanded for further evidentiary development.

In his response to the Scheduling Motion and again in the Evidentiary Motion,
Mr. Atwood invited the Attorney General to produce azy evidentiary support for the
purported 90-day “shelf life” for ADCRR’s compounded pentobarbital, the factual
predicate for the expedited briefing schedule proposed in the Scheduling Motion.
Both times, the Attorney General has inexplicably refused to provide any evidence
substantiating the 90-day mark. And there is at least one simple explanation for that
failure: credible evidence supporting that purported “shelf life” does not exist.

Indeed, the Attorney General’s erroneous language—terminology like “shelf
life” in relation to a high-risk compounded sterile preparation (“CSP”) such as

pentobarbital sodium—Dbetrays disregard for applicable science. Exhibit A,



Declaration of James H. Ruble, PharmD, JD (“Ruble Dec.”) at 1.! The timeline for
the viable use of compounded pentobarbital is determined by pharmaceutical
science’s beyond use date, or BUD, which is “the date or time after which a CSP shall
not be stored or transported], . . .| determined from the date and time the preparation
is compounded.” Ruble Dec. at 6 (quoting United States Pharmacopeia (“USP”),
General Chapter 797). The “empiric BUDs for CSPs” of this kind are well
established: 24 hours for room temperature storage, three days for refrigerated
storage, and up to 45 days for freezing storage. Id. 6-7.

The Attorney General’s refusal to substantiate his unsupported claims with
evidence is no small failing. Appellate motions must provide evidentiary support for
facts not in the record. ARCAP 6(2)(3) (“A motion stating facts that are not in the
record, or of which the appellate court may not take judicial notice, must be
supported by an affidavit, declaration or other satisfactory evidence establishing those
facts.”); Ariz. R. Crim. P. 31.6(e) (requiring criminal appellate motions to comply with
ARCAP 6(2)(3)). See also In re Fallers, 181 Ariz. 227, 229-30 (App. 1994) (judicial

conclusion based on facts not in the record constitutes an abuse of discretion). There

' Compounded drugs do not have a shelf life; an expiration date or shelf life is for a
manufactured product regulated by the FDA and is “based on rigorous analytical and
performance testing” integrated into routinized mass production. Id. The State’s
planned approach plainly fails to satisfy pharmaceutical standards and surely cannot
justify the scheduling alteration the Attorney General presently seeks for its warrant
motion practice.



is no record evidence supporting the 90-day period the Attorney General puts
torward, whereas Mr. Atwood has provided authority for a maximum BUD of no
more than 45 days. Evidentiary Motion at 3-4, n.4. This discrepancy creates a
fundamental factual dispute requiring evidentiary development. Donaldson v. Sisk, 57
Ariz. 318, 329 (1941).

Rather than attempting to substantiate his proffered 90-day shelf life, the
Attorney General dissembles, complaining that “[t|he State has sought a simple brzefing
schedule” and suggests that Mr. Atwood’s evidentiary concerns “are more appropriately
raised in a state or federal civil suit, or addressed through negotiations with ADCRR.”
Response at 2 (emphasis original). The Attorney General does not explain how a
separate civil action or “negotiation” with ADCRR would address the unresolved
factual issues presented by his scheduling motion, much less cite any authority
supporting that claim. Regardless, the Attorney General is not seeking “a simple
briefing schedule.” Rather, he asks this Court to abandon established procedure in
tavor of expedited briefing on a motion for warrant of execution. That unprecedented
request is premised on the purported 90-day shelf life of compounded pentobarbital,
a fact with no support in the record and which is disputed by Mr. Atwood.
Evidentiary Motion at 3-4. For the Scheduling Motion, the validity of the proffered
90-day shelf life is the heart of the matter, not a sideshow. What is more, the
pharmaceutical science is unmistakable that the outermost limit for using this

compounded drug is half the span—45 days—that the Attorney General insists is
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needed. Ruble Dec. at 7. In fact, this science indicates that, absent meaningful further
disclosure, the State would have merely 24 hours to use the pentobarbital from the
moment the compounding pharmacist renders the active pharmaceutical ingredient
(“API”)* injectable (i.e., a liquid), unless the State is able to establish that it will store
the drugs at a cold temperature, which would provide a three-day safe period, or a
treezing temperature, which would provide the aforementioned 45-day span. Id.
Nonetheless, the Attorney General asserts, again without evidence or
explanation, that the factual dispute here is immaterial because “under the State’s
proposed briefing schedule, ADCRR could still comply with all disclosure obligations
and conduct Atwood’s execution within 45 days of the drug being compounded.”
Response at 3. This unelaborated claim is facially dubious—the Attorney General has
requested a briefing schedule that contemplates a minimum of 51 days from warrant
motion to execution.” The feasibility of carrying out an execution within a 45-day time
period—which the Attorney General asserts for the first time in his Response and

without proof—is itself a factual dispute requiring remand. Further, even if it is

> An API “is any substance or mixture of substances intended for a physiological
effect in a human or animal patient. APIs are incorporated into finished commercial
pharmaceutical products and are also used in the compounding of a drug preparation,
thereby becoming the active ingredient in the preparation.” Ruble Dec. at 2. Further,
“|cJompounding pharmacies mix or combine APIs with additives to create drugs
tailored to the needs of individual patients. Id.

’ The Scheduling Motion contemplates this Court ruling on the warrant motion 16
days after it is filed. Scheduling Motion at 4. An execution date can be set no earlier
than 35 days after a warrant motion is granted. A.R.S. {13-759(A).
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theoretically possible to carry out Mr. Atwood’s execution within a 45-day window,
that mere possibility would not resolve the factual dispute. Forty-five days, as
underscored above, is the maximum BUD for compounded pentobarbital—the
number could be as low as 24 hours depending on how ADCRR stores the drug after
compounding. Ruble Dec. at 7.* Yet the Attorney General offers no evidence or
allegation of how ADCRR intends to store its drug once compounded. Moreover,
that the Attorney General so readily professes to be unperturbed by a 45-day BUD
despite previously arguing that a 90-day “‘shelf life” required unprecedented haste
reflects a malleable factual position that demands proper legal inquiry and should give
this Court pause. This uncorroborated position regarding execution timing under the
new, untested protocol underscores the need for factual development before a
decision is reached on the Scheduling Motion.

The Attorney General characterizes the Evidentiary Motion as “assail[ing] the
State’s efforts to comply with ADCRR’s lethal-injection protocol, which a civil
settlement requires ADCRR to follow regardless whether Atwood was a party to that

settlement.” Response at 1-2.” This misdesctibes the motion. Mr. Atwood’s quatrel is

* See also Evidentiary Motion, Exhibit 1, United States Pharmacopeia, General Chapter
797, Pharmacentical Compounding — Sterile Preparations (2018), at 5-6.

> The Attorney General suggests that “If Atwood is so troubled by the [lethal
injection] protocol’s provisions..., he is free to elect to be executed by lethal gas.”
Response at 2 n.1. This suggestion poses a false and obscene choice. Revised eatlier

this year, ADCRR’s lethal gas protocol calls for execution by means of cyanide gas.
D.O. 710, Attachment E, at 2-3, available at
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not with the Attorney General’s efforts to comply with ADCRR’s settlement
obligations. Rather, he objects to the Attorney General’s unsupported assertion that
expedited briefing is required because of a purported 90-day shelf life for ADCRR’s
chosen lethal injection drug that is uncorroborated by the record. Evidentiary Motion
at 6-7. If the Attorney General did not want his Scheduling Motion to become the
subject of a factual dispute, he should not have premised that motion on unproven
and contested factual claims. Further, Mr. Atwood in no way suggests the State should
not adhere to its conceded obligations under the foregoing settlement and protocol.
The obliged conduct sets the floor, not the ceiling, for the State’s performance in this
respect. Mr. Atwood’s concerns arise from the Attorney General’s facially untenable

position concerning execution timing under the settlement and protocol.

https://cotrections.az.gov/sites/default/ files /policies/700/0710_031021.pdf (last
accessed 5/11/2021). Twenty-five years ago, based on the record of a lengthy
evidentiary hearing, the Ninth Circuit held that California’s cyanide gas protocol was
unconstitutional because the severity and duration of pain it inflicted violated the
Eighth Amendment. Fierro v. Gomez, 77 F.3d 301, 308 (9th Cir. 1996), vacated on other
grounds by 519 U.S. 918 (1996). 1t is doubtful that Arizona’s own cyanide gas protocol
would withstand constitutional scrutiny.

Even if the gas protocol is lawful, the Attorney General’s flippant suggestion
that Mr. Atwood opt for cyanide gas is unconscionable. Mr. Atwood’s mother was a
Jewish woman who fled her native Austria in 1939 after the Nazi seizure of power, a
fact known to the Attorney General. See CR-20-0381-T /PC, Petition for Review
(10/13/2020), at 31-32. Arizona’s chosen lethal gas, cyanide, was used in the
extermination camp gas chambers of the Holocaust under the trade name Zyklon B.
See Derek Brown, Litigating the Holocanst: A Consistent Theory in Tort for the Private
Enforcement of Human Rights Violations. 27 Pepp. L. Rev. 553, 554 (2000).
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The Attorney General argues that Mr. Atwood “directs a litany of challenges at
the pentobarbital to be used, all of which are far outside the scope of the present
proceeding.” Response at 3.° Again, this misdescribes the motion. The Evidentiary
Motion does not challenge the use of compounded pentobarbital per se.” Rather, it
identifies the numerous unresolved issues presented by the selection of that drug, all
of which bear upon the Scheduling Motion and must be resolved before that motion
may be fairly decided. For example, Mr. Atwood highlights the as yet unanswered
question about what prospective testing has been done on ADCRR’s pentobarbital
supply because the presence or absence of such testing would likely affect the State’s
ability to proceed under the proffered 90-day timeline, as the recent experience of the

federal government attests. See Evidentiary Motion at 4-5.° Likewise, the Attorney

® The selection of compounded pentobarbital was wholly within the discretion of
ADCRR. See Evidentiary Motion at 3 n.3. The Attorney General does not dispute that
discretion, but complains that Mr. Atwood “ignores the nationwide scarcity of lethal-
injection drugs|.]” Response at 3 n.2. The Attorney General provides no evidence to
support this claim of scarcity, but rather cites to a guestion asked at an oral argument.
Id. Yet again, the Attorney General would have this Court accept his factual claims as
a matter of faith, making extra-record factual allegations with no evidentiary support.
Appellate motions cannot be decided without support in the record. See ARCAP
6(a)(3); In re Fallers, 181 Ariz. at 229-30.

"'To be sure, grave Eighth Amendment and other concerns posed by this drug
selection may form the basis of a future challenge.

® The Attorney General states that Mr. Atwood “cit[es] nothing” for the proposition
that prospective testing is a prerequisite to beginning executions. In fact, Mr. Atwood
provided evidence detailing the federal government’s lengthy efforts to test its drug
before resuming executions. Evidentiary Motion at 5 n.5. If the Attorney General is
aware of evidence disputing this history, he has not provided it—or indeed, any other
evidence.



General states that Mr. Atwood’s “challenge to the drug’s quality, efficacy, and
procurement is inappropriate for both this Court and this proceeding.” Response at 4.
While quality, efficacy, and procurement issues may indeed form the basis of a
separate challenge, they also bear directly on the calculation of the drug’s BUD. Ruble
Dec. at 8 (explaining that “pharmaceutical grade” API must surpass the established
quality threshold in order to ensure the CSP is viable, for any length of time, let alone
for the outer limits under the USP). These concerns thus bear directly on the
Scheduling Motion.

The Attorney General contends that Mr. Atwood “specifically asserts (citing
nothing in support) that ADCRR has failed to conduct ‘requisite testing’ on the
uncompounded pentobarbital powder.” Response at 4 (citing Evidentiary Motion at
4). This contention is wrong, because that is not what Mr. Atwood argues. In reality,
Mr. Atwood argues that “zhe Attorney General provides no evidence that the State has
conducted the requisite testing” of its lethal drugs. Evidentiary Motion at 4 (emphasis
supplied). It is uncontroverted that the Attorney General has provided 7o evidence for
this or any of his extra record factual claims—indeed, his resolute refusal to provide
evidentiary support for his proffered facts is what sparked the present motion in the
first place.

The Attorney General suggests that Mr. Atwood “engrafts additional,
unwritten testing requirements onto both the protocol and the settlement.” Response

at 4 n.4 (citing Evidentiary Motion at 6). To the contrary, Mr. Atwood merely
8



highlights the wide range of testing falling under the label “quantitative analysis.” The
ambiguity of that term is implicit in the protocol language, highlighted by the
Attorney General, that the analysis must show ““at a mininum, the identity and
concentration’ of the chemical.” Id. (quoting D.O. 710, Attach. D, 4C.2) (emphasis
supplied). Identifying with specificity what precise tests ADCRR intends to perform
as part of its obligatory “quantitative analysis” and how long those tests take to
conduct bears directly on the timeline underlying the Scheduling Motion. Such
evidence is completely absent from the record before this Court.” Further, the
pharmaceutical science is clear as to the specific kind and degree of testing that should
be carried out to ensure that the State’s drugs are efficacious for the intended lethal
purposes and that the drugs hold that status for the intended timeframe from testing

until an execution date. Ruble Dec. at 8-12.

” The Attorney General cites to a 2019 opinion by the Office of Legal Counsel
(“OLC”) for the proposition that drugs to be used in executions are not subject to
regulation under the federal Food, Drug, and Cosmetic Act (“FDCA”). Response at 5
n.5. However, “OLC opinions are treated as binding only to the extent they are not
displaced by a higher authority,” such as a “subsequent judicial decision directly on
point[.]” Trevor W. Mortison, Stare Decisis in the Office of Legal Counsel. 110 Colum. L.
Rev. 1448, 1466 (2010). Last year, the D.C. Circuit implicitly rejected the 2019 OLC
opinion and reaffirmed its longstanding precedent that lethal injection drugs—
specifically including compounded pentobarbital—are not exempt from FDCA
regulation. In re Fed. Bureau of Prisons’ Execution Protoco! Cases, 980 F.3d 123, 136 (D.C.
Cir. 2020). Governing law therefore holds that lethal injection drugs are subject to
tederal regulation. Nor has the Attorney General provided authority that lethal
injection drugs are exempt from Arizona’s own drug regulations. See Evidentiary
Motion at 4-5 n.4. The viability of the Scheduling Motion in light of these state and
tederal regulatory schemes is yet another matter of factual dispute.

9



The Attorney General argues that “the mere possibility that the pentobarbital
may not test satisfactorily is not a reason to deny the simple briefing schedule the
State has requested.” Response at 5. An unsatisfactory test, however, would likely
prevent completion of an execution within the proffered 90-day timetable
contemplated by the Scheduling Motion.'” At a minimum, the effect of an
unsatisfactory test is unclear and in dispute, and that dispute is unresolvable based
upon the evidence currently in the record. The need for evidentiary development is
obvious.

The Attorney General characterizes the Evidentiary Motion as “thinly veiled
attacks on ADCRR’s anticipated use of compounded pentobarbital” rather than a
challenge “to the State’s proposed procedure,” and that these claims are better raised
“in a separate method-of-execution challenge[.]” Response at 6. Yet it was the
Attorney General who injected method-of-execution issues into this Court’s warrant
motion procedure by requesting an unprecedented briefing schedule explicitly
premised on the purported mechanics of ADCRR’s chosen drug and execution
protocol. Because the Attorney General has asked this Court to adopt a novel

procedure based upon disputed facts that are not in the record, a remand for further

' Such a view is consistent with the experiences of the federal government, which
spent almost two years verifying the efficacy of its lethal injection drugs. See
Evidentiary Motion at 4-5.

10



evidentiary development is necessary. Donaldson, 57 Ariz. at 329; Steinfeld v. Zeckendory,
10 Ariz. 221, 233 (1900).

The Attorney General states, without authority, that the evidentiary hearing Mr.
Atwood requests “should be held in Pima County Superior Court.” Response at 6 n.6.
While that venue would be appropriate, other venues, including the Maricopa or Pinal
County Superior Courts or assignment to a special master, would be arguably even
more appropriate. Evidentiary Motion at 7-9. Selection among the appropriate venues
as justice requires is within the sound discretion of this Court. A.R.S. §12-2103(A);
State v. Smith, 184 Ariz. 456, 459 n.2 (1996).

The need for the extraordinary procedure requested in the Scheduling Motion
is based on a factual premise that is uttetly unproven and wholly absent from the
record before this Court. The Attorney General has made no effort to resolve the
tactual dispute that is at the heart of his motion. The factual dispute here is plain and
material. Accordingly, the Evidentiary Motion should be granted.

RESPECTFULLY SUBMITTED this 14th day of May, 2021.

[s/Natman Schaye

Natman Schaye
Sam Kooistra

Counsel for Petitioner Frank Atwood
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EXHIBIT A



Declaration of James H. Ruble, PharmD, JD

I, James H. Ruble, PharmD, JD, declare as follows:

Background and Qualifications

1.

My name is James H. Ruble. I am over the age of eighteen and competent to testify to the truth of
the matters contained herein.

I reside in Bountiful, Utah, located in the metropolitan area of Salt Lake City. I have been a
registered pharmacist in the State of Utah since 1992, and I have over 25 years of experience as a
practicing pharmacist. I earned a Doctor of Pharmacy, a Juris Doctor, a Bachelor of Science in
Pharmacy, and a Bachelor of Science in Biology from the University of Utah, in Salt Lake City.

I am an associate professor (clinical) in the Department of Pharmacotherapy and an adjunct
assistant professor in the Department of Internal Medicine — Program in Medical Ethics and
Humanities, in the College of Law, and in the Department of Pharmaceutical Chemistry and
Pharmaceutics at the University of Utah. My teaching, scholarship and clinical activities focus on
pharmacy compounding, community pharmacy practice, pharmacy and healthcare law, ethical
dilemmas in healthcare, FDA law and regulation, health care policy communication and conflict.
I served as a member of and chaired a Hospital Ethics Committee and I also served as
Ombudsman for a Health Sciences Center. [ have previously served as a Staff Pharmacist,

Clinical Pharmacist, and Manager of a Pharmacy.

. My curriculum vitae, detailing prior positions, Honors, Research and Scholarly Work,

Publications, and Presentations, is attached as Exhibit A.

I have been asked by the attorneys who represent Mr. Frank Atwood to provide an expert opinion
addressing the medical and scientific legitimacy of Arizona’s purported “90-day shelf life” for
compounded pentobarbital, the importance of ensuring the quality of active pharmaceutical
ingredients (API) used in compounded formulations, and the minimum elements that need to be
known about the preparation and chemical analysis of a compounded formulation to have
confidence it will work as the State of Arizona intends—Iethally and without creating a
substantial risk of severe pain.

The information in this Declaration is based upon my personal knowledge and sources of the
type relied upon by researchers in my field. I am not being compensated for providing this

Declaration.



Pharmaceutical Compounding

8.

10.

11.

12.

Compounding pharmacies serve many functions, including preparing drugs for individuals who
are unable to take commercially manufactured drugs, or where there are no commercial dosage
forms available for a particular drug therapy. An active pharmaceutical ingredient (“API”) is any
substance or mixture of substances intended for a physiological effect in a human or animal
patient. APIs are incorporated into finished commercial pharmaceutical products and are also
used in the compounding of a drug preparation, thereby becoming the active ingredient in the
preparation. For example, an individual requiring a certain API may be allergic to an inactive
ingredient or added substance used in commercially manufactured drugs containing that API. In
that case, a compounding pharmacy could make a drug that contains the API the individual needs
without the allergen. Compounding pharmacies essentially provide patient-customized therapies.
Compounding pharmacies mix or combine APIs with additives to create drugs tailored to the
needs of individual patients. That is, when an individual takes a drug, it is a combination of the
API and additives. The additives provide a number of properties, including a mechanism or
vehicle for carrying the API into the body. Compounded drugs (sometimes referred to as
“pharmaceutical preparations”) can be prepared and delivered in a variety of dose formulations
including, but not limited to, tablets, capsules, topical bases, oral solutions, and injectable
solutions.

Compounding pharmacies and the drugs they prepare are not subject to the same Food and Drug
Administration (FDA) scrutiny as commercial pharmaceutical products. Compounding
pharmacies are subject to less scrutiny, not because the FDA views these pharmacies as reliable,
but because the FDA views these pharmacies as posing relatively low risk given the small
volume of drugs they typically prepare and the customized nature of the intended purposes of
their drug formulations.

The 2013 Drug Quality and Security Act, Public Law 113-54-Nov.27,7 2013, defined two types
of pharmaceutical compounding: 503 A” compounding and “503 B” compounding. !

503 A compounding does not involve the creation of drugs from scratch, absent adherence to a
specific, exacting formulation. Rather, it uses active and inactive ingredients to meet the
individual needs of a specific, identifiable patient that for medical reasons cannot be met with an
FDA-approved product, and are prepared according to a legal prescription for an individual
patient. Further, 503 A compounders are expected to adhere to United States Pharmacopeia

(USP) standards and guidance.

I Available at https://www.congress.gov/113/plaws/publ54/PLAW-113publ54.pdf.



13. 503 B compounding also involves the use of active and inactive pharmaceutical ingredients to
produce pharmaceutical preparations. However, the final preparation is not intended for a
specific, identifiable patient; thus, it is not “patient specific” but is intended for general sales and
distribution. 503 B compounding is commonly referred to as “outsourced” compounding and
resembles drug manufacturing more than it does the professional practice of pharmacy.

14. Unlike manufacturers, 503 A compounders are not subject to the drug approval process and the
rigorous checks and regulatory procedures required under current Good Manufacturing Practice
for Finished Pharmaceuticals (“cGMPs”).2 However, under Arizona regulations, 503 A
compounders are required to comply with official compendium requirements.® Arizona’s official
compendium is the latest revision of the United States Pharmacopeia and The National
Formulary (USP-NF).*

15. 503 B compounders must register with the FDA and acknowledge the jurisdiction and authority
of the FDA to inspect their facilities. Federal law generally limits 503 B compounding to certain
drug substances that appear on drug shortage lists promulgated by the FDA.’

16. Whether a drug is compounded by a 503 A or 503 B compounder, the FDA does not verify the
safety or effectiveness of these drug preparations or the quality of their manufacture. These
compounded preparations remain outside the FDA regulatory framework that otherwise ensures
these qualities in manufactured pharmaceutical drug products.

17. The intended use of a compounded drug customarily dictates the formula to be used,
compounding method(s), appropriate storage conditions, and calculation of an appropriate
“beyond use date” (“BUD”).® The intended uses of drugs are frequently supported by one or
more published descriptions in a life science, clinical science, or pharmaceutical science
database. This publication process is fundamental to the concept of “evidence based medicine”
(“EBM”)” and Good Clinical Practice® philosophies.

18. T understand that Arizona intends to carry out executions using compounded pentobarbital.
Pentobarbital is a short-acting barbiturate approved by the FDA for human use as a sedative,

hypnotic, pre-anaesthetic, and anticonvulsant, in the emergency control of certain acute

221 C.F.R, part 211.

3 Ariz. Admin. Code § 4-23-410.

4+ A.R.S. § 32-1901.

3 Further, pentobarbital sodium does not appear on any such shortage lists.

¢ Infra 99 29-41.

7 See e.g., Evidence-Based Medicine Working Group. Evidence-based medicine. A new approach to
teaching the practice of medicine, JAMA, 1992;268(17):2420-2425.

8 Good Clinical Practice (“GCP”) is developed by the International Conference on Harmonization
(“ICH”) of Technologies. The FDA has guidance about use of GCP in U.S. Health Care, available at
http://www.fda.gov/ScienceResearch/Special Topics/RunningClinical Trials/default.htm.



19.

20.

21.

22.

convulsive episodes. In most of the clinical indications of pentobarbital sodium injection, it is
administered as a direct injection into an Intravenous (IV) catheter, an IV intermittent or
continuous infusion, or as an Intramuscular ("IM") injection into a large muscle.

The USP is one of three “official” compendia recognized in the US Food, Drug, and Cosmetic
Act.” Of these compendia, the USP provides detailed monographs for many pharmaceutical
chemicals, as well as providing guidance chapters about preparation, testing, and storage of
pharmaceutical chemical formulations. United States Pharmacopeia (USP) guidelines govern the
methods by which compounding pharmacies constitute pharmaceutical preparations like
pentobarbital for use via intravenous (IV) route of administration. Compounding ordinarily
serves in the preparation of specialized medical therapies, thus the process of compounding
pentobarbital for use in executions has not received published scientific description. Application
of the USP nonetheless determines whether any given substance is pharmaceutically adequate for
its intended purpose, even when that purpose is lethal.

Compounded preparations are generally presumed to be a simple, singular entity; however,
compounded preparations are complex engineered systems that include one or more APIs, one or
more inactive ingredients (“pharmaceutical excipients”) and a container (e.g., vial, jar, bottle,
syringe, etc.). There are numerous chemical, physical, and biological parameters that must be
considered when preparing these pharmaceutical systems. Compounded pentobarbital entails the
use of bulk API, inactive ingredients, and containers. Pentobarbital sodium salt is the bulk
powder form needed to make finished compounded preparations of pentobarbital.

USP General Chapter 797 (“USP <797>") provides the minimum practices and quality standards
to be followed when preparing compounded sterile drugs. These practices and standards must be
used to prevent damage that could result from non-sterility, contamination, or the use of
ingredients of inappropriate quality. USP <797> is used with USP General Chapter 795 (“USP
<795>"), which provides guidance on practices and quality standards when preparing non-sterile
compounded drugs. These two chapters form the primary guidance for preparing compounded
drugs.

USP General Chapter 1163 (“USP <1163>") provides guidelines for quality assurance in
pharmaceutical compounding. A quality assurance program is a system of steps and actions taken
to ensure the maintenance of proper standards in compounded preparations. Quality assurance

and quality control are inter-related and form the continuum of a quality program.

9 See 21 U.S.C. 321(g)(1).



High-Risk Sterile Compounding

23. Compounding pentobarbital for [V administration must be conducted as "sterile" compounding
because the preparation is administered directly into the systemic circulation of the body and
bypasses mechanisms which protect humans from microbial infection and other potentially
harmful toxins including, but not limited to, endotoxins and pyrogens.

24. USP <797> (attached to this Report as Exhibit B), provides professional standards and guidance
in pharmaceutical compounding of sterile preparations. Articles compounded in conformance
with USP <797> are referred to as “compounded sterile preparations” (“CSP”’s).

25. USP <797> establishes three levels of sterile compounding, based on risk of contamination: low-
risk; medium-risk; and high-risk CSPs. Pentobarbital sodium injection compounding is
designated as a high-risk CSP because a non-sterile bulk powder API is incorporated into a
finished, compounded preparation. It is then subjected to a terminal sterilization process, which is
required under USP <797> for high risk compounded sterile preparations. This may be
accomplished by any number of physical, chemical, or mechanical methods. In many
compounding pharmacies, the preferred method of terminal sterilization is through use of
membrane filtration.

26. In accordance with USP standards and definitions, a solution intended for parenteral
administration is titled an "injection." A compounded pentobarbital sodium injection must
contain the pentobarbital sodium API and one or more inactive ingredients to form the solution.
One of these inactive ingredients must be a liquid vehicle to serve as a diluent to dissolve the
solid powder API form. Water is the primary diluent used to prepare the commercial
(manufactured) form of pentobarbital sodium injection, and it is highly probable that
compounding pharmacies are using water in their pentobarbital sodium injection CSPs. In
addition, compounding pharmacies may be including other inactive ingredients, e.g., propylene
glycol, alcohol, hydrochloric acid, sodium hydroxide. Small amounts of these ingredients may be
added, for example, to adjust pH, tonicity, and solubility of the finished preparation.

27. Pharmaceutical compounding of sterile preparations is a highly technical process that requires
precision and has a very narrow tolerance for error. Pharmacies that choose to provide
compounded sterile preparations must make substantial commitments for facilities, equipment,
skilled personnel, training, quality programs (i.e., quality assurance, quality control, quality
improvement), standard operating practices, and record retention practices. Moreover,
compounded sterile preparations such as pentobarbital sodium injection have additional risks in

view of the utilization of nonsterile bulk API in the compounding process.



28.

The manual combination or mixing of these ingredients, that is, the “compounding” process,
must be carried out under specific environmental conditions, using equipment that is properly
calibrated and maintained, and performed by personnel that are highly trained and whose
competency and aseptic technique is verified at regular intervals. Sterile compounding of
pentobarbital sodium injection must be done in a Direct Compounding Area that has ISO 5
quality airflow within a primary engineering control (e.g., a HEPA-filtered, horizontal laminar
airflow workbench) that is located within a clean room that has ISO 7 quality airflow, as well as
numerous additional design features. ISO 5 quality airflow is generally equivalent with the
airflow in a surgical operating room. The airflow quality in the clean room and in the primary
engineering controls must be certified at regular intervals by certified heating, ventilation, air
conditioning (HVAC) engineers. In addition, USP <797> has robust expectations for cleaning
and maintenance of the clean room and compounding equipment, as well as quality assurance
processes and quality control testing of the equipment for microbial and other non-viable

particulate contaminants. Compliance with these USP <797> requirements is mandatory.

Beyond-Use Dating

29.

30.

31.

32.

Pharmaceutical manufacturers possess sophisticated equipment (e.g., spectroscopes,
chromatographs, calorimeters, etc.) for qualitative and quantitative analysis. Compounding
pharmacies typically do not have access to such equipment, which is essential for measuring
chemical, physical, and biological parameters to determine shelf-life of CSPs. Accordingly,
compounders must limit their batch “production” sizes and settle for relatively short “beyond use
dates” or BUDs.

A BUD is defined in USP <797> as “the date or time after which a CSP shall not be stored or
transported. The BUD is determined from the date and time the preparation is compounded.”
Although BUD is sometimes casually used interchangeably with “expiration date,” these terms
have different meanings. Expiration dates are assigned to manufactured products based on
rigorous analytical and performance testing. The “expiration” date of FDA-regulated
pharmaceuticals is a qualified assurance that they retain their integrity over specified periods of
time. This assurance is more difficult to ascertain with compounded drugs.

Since compounded drug preparations degrade in a non-linear manner, frequently much more
rapidly than FDA-approved drugs, compounded drug preparations lose their fitness for intended
use more rapidly and have comparatively short BUDs.

As set forward in USP <797>, these are the empiric BUDs for CSPs:



Risk Level Room Temp Refrig Freeze
Low 48 hr 14 days 45 days
Low (12 hr BUD) 12 hr 12 hr n/a

Medium 30 hr 9 days 45 days
High 24 hr 3 days 45 days

33. Because compounded pentobarbital is a high-risk CSP, the maximum BUD (timed from the day

and hour of preparation) that can be assigned to it is:
e 24 hours, if CSPs are stored at controlled room temperature
e 3 days, if CSPs are stored at a cold temperature (i.e., refrigerated)
e 45 days, if CSPs are stored in a solid, frozen temperature.

As stated in USP <659>, controlled room temperature means the temperature is maintained

thermostatically in a usual and customary working environment between 20° to 25°C (68° to 77°F);

cold temperature means any temperature not exceeding 8° (46° F); and frozen means temperature is

controlled between —25° and —10° (—13° and 14° F).

34. A drug that has surpassed its BUD is at risk of stability and sterility failings and may not retain
sufficient potency.

35. Even after assigned to a CSP, a BUD can be affected dramatically by subsequent storage
conditions. Until the time of their intended use, CSPs (such as pentobarbital sodium injection) are
required to be kept or stored in very particular conditions (e.g., controlled temperatures,
humidity, lighting, etc), relating to the stability and properties of the medicines in question. If not
stored properly, CSPs will deteriorate, and thus be rendered unusable or unfit for intended use.

36. I have read Arizona’s representation to the Arizona Supreme Court that the pentobarbital it
intends to use in Mr. Atwood’s execution has been assigned a BUD or, as the State has put it,
“expiration date,” of 90 days from the date of compounding. Based on available public
information, it is highly unlikely that this correct. Asserting the safety in using such compounded
pentobarbital nearly 90 days after its compounding would far exceed what is permissible under
binding compounding regulations.

37. As discussed above, the BUD for compounded pentobarbital, a high-risk CSP, varies between 24
hours to a maximum of 45 days based on storage conditions. Thus, even assuming that Arizona’s
compounded pentobarbital will be frozen and otherwise properly handled (although there is not
yet any indication that that will be the case), the state’s purported 90-day “shelf life” (BUD) is 45
days beyond the permitted maximum. Pursuant to Ariz. Admin. Code R4-23-410(B)(3), Arizona



38.

39.

40.

41.

pharmacists are generally prohibited from assigning a BUD beyond the maximum permitted by
the USP Convention.

I understand that Arizona has not disclosed whether the compounded pentobarbital will be
prepared by a 503 A or 503 B compounder or whether the compounding entity maintains a data-
driven stability program. It is highly unlikely that a 503 A Compounder would maintain such a
program, meaning that there would be no evidence to extend a BUD beyond what is permitted
under USP.

It is also unlikely that a 503 B compounder would prepare pentobarbital because 503 B
compounders may not legally compound using bulk drug substances like pentobarbital API
because it is not on the 503 B bulks list'® and because pentobarbital is not on the drug shortage
list.!!

Even assuming that a 503 B compounder is preparing the pentobarbital, it is highly unlikely that
the compounder would have implemented a data-driven stability program to extend a BUD
because those programs are generally utilized for large batches of compounded preparations, not
the small batches that would be at issue here.

If Arizona uses compounded pentobarbital beyond the maximum-permitted BUD, there is a
substantial risk of stability and sterility failings and that the drug may not retain sufficient
potency or otherwise become unstable. Subpotent or unstable drugs raise substantial risks. The

attempted execution could fail to take the condemned’s life or could cause severe pain.

Ensuring Quality of Drug Ingredients

42.

43.

44,

Quality API is pivotal to an effective final product. It is important that the pentobarbital sodium
salt, or API, used in compounding is of pharmaceutical grade, and has an expiration date past the
beyond use date of the compounded product.

Under the Federal Food, Drug, and Cosmetic Act, 503 A and 503 B Compounding must rely on
bulk drug substances that meet three requirements. First, those substances must comply with the
standards of an applicable USP or National Formulary monograph, if a monograph exists, and the
USP Chapter on pharmacy compounding. Second, those substances must be manufactured at an
establishment registered with the Food and Drug Administration. Third, those substances must
be accompanied by valid certificates of analysis.'?

Further, pursuant to Arizona Admin. Code R4-23-410, ingredients used in sterile compounding

must meet official compendium requirements; be of high quality, such as Chemically Pure (CP),

19 https://www.fda.gov/media/120692/download.
! https://www.accessdata.fda.gov/scripts/drugshortages/default.cfim.
1221 U.S.C. §§ 353a(b)(1)(A); 353b(a)(2).
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46.

47.

Analytical Reagent (AR), certified American Chemical Society (ACS), or Food Chemical Codex
(FCC) grade; or are obtained from a source that, in the professional judgment of the pharmacist,
is acceptable and reliable.

Finally, USP <797> requires pharmacies to store API in tightly closed containers under
temperature, humidity, and lighting conditions that are either indicated in official monographs or
approved by suppliers. If a package of ingredient does not contain a supplier’s expiration date, it
cannot be used after one year of receipt without appropriate inspection or testing that indicates
the ingredient has retained its purity and quality.

Recent events underscore the importance of testing API supplies. In January 2021, the FDA
issued a warning letter to the Professional Compounding Centers of America (PCCA), a leading
API supplier to compounding pharmacies across the country.!? The letter charged that certain
API sold by PCCA was adulterated and misbranded because PCCA failed to conduct adequate
testing to ensure that the API met the compendial identity standards of the USP monograph and
there was substantial doubt as to whether the API had been contaminated with other substances.
Given this context, a compounding pharmacy should not solely rely on a certificate of analysis
from an API manufacturer or repackager, as that could generate significant health risks.

It is my understanding that the attorneys for Mr. Atwood have not been provided information
concerning the source of the pentobarbital API, including whether the source is properly
registered with the FDA and complies with current good manufacturing practices, any certificates
of analysis accompanying the bulk substance, or any information indicating the expiration date of
the substance. Access to this information is essential to forming an opinion on the likely quality

of the ingredient and thus the quality of any final product prepared with that ingredient.

Quantitative analyses: potency, pH, osmolarity, stability, and sterility

48.

There is no universal pharmacy understanding of the meaning or content of a “qualitative
analysis.” How practicing pharmacists define qualitative analysis may be vastly different from a
purely chemical analysis. More frequently, pharmacy professionals, government regulators, and

professional organizations use the terms “quality assurance” and “quality control.”

13 https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-letters/professional-
compounding-centers-america-dba-pcca-597638-01272021.
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Various tests are instrumental to establishing the quality of lethal injection drugs. Table 1 of the

USP 1163 outlines some of the most commonly suggested analytical methods.

Table 1. U.s. Pharmacopela Chapters for Sclected Quality Testing Methods and Proceduraes

| Chapter Title Chapter

General Testing
Boiling point Distilling Range {721
Density Dansity of solids {699}
lon selective potentiomelry — —
Loss on drying Loss on Drying Fan

Pharmaceutical Calculations in Prescription Compounding 1160}
Melting point Melting Range or Temperatura (741}
Csmelality and osmolarity Pharmaceutical Calculations in Prescription Compounding {11603

Osmolality and Osmolarity {785)
Particle size Powder Finenass (811}
Particulate matter in injections Particulale Mattar in Injections (788)
pH pH 791
Refractive index Refractive Index {831}
Viscosity change Viscosity—Caplilary Methods 011}
Valumetric Prescription Balances and Volumelric Apparatus {1176}
Weight Prescription Balances and Volumetric Apparatus {1176}
Spectroscopy
® atomic absorption spectroscopy Atomic Absorption Spectroscopy (B52)
Fluorescence spectroscopy Fluorescence Spectroscopy (B53)
Mid-Infrared spectroscopy Miid-Infrared Spectroscopy {B54)
Ultraviolet/visible spectroscopy Ultraviolet-Visible Speciroscopy (857) g o 1 vmvrE
Chromatography
Column chromatography (CC) Chromatography {6213
Gas chromatography (GC) Chromatography {621}
ety o Chromstogapty
Paper chromatagraphy (PC) Chromatography {6213
Thin-layer chromatography (TLC) Chromatography {621}
Microblology
Endotoxin testing Bacterial Endotoxins Test {B5)
Microbial limit testing Microbiological Examination of Monsterile Products: {61}

Microbial Enumeration Tests
microbiological Examination of Nonsterile Products: {62}
Tests for Specified Microorganisms

Preservative effectiveness testing Antimicrobial Effectiveness Testing 51y
Sterility sterility Tests i

To provide the information necessary to assess both the ability of a drug or chemical formulation
to meet intended use and its potential to cause pain, an analysis of the drug would need to
provide, at a minimum, the following information for the drug or formulation: potency, stability,
osmolarity, pH, and sterility. In my professional judgment, these are all factors that a prudent
pharmacist would take into account. [ will explain each of these concepts in turn.

Potency
From a chemical perspective, potency refers to the percentage of active ingredients within a
solution at a specific point in time. Potency is one factor in determining the effectiveness of a
drug or chemical formulation and whether it will meet intended use, and potency can be
quantified through high-performance liquid chromatography (HPLC).
From a pharmacological perspective, potency refers to intensity of physiological responses that

may be observed following a particular dosage of a drug or chemical.
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54.

55.

56.

57.

58.

59.

60.

61.

Stability
Stability refers to the expected time during which a drug or chemical formulation will stay within
certain concentration ranges (€.9., potencies) under a specific set of storage conditions (e.g.,
temperature or temperature range, light exposure, humidity, pH, etc.).
Stability can be measured by conducting two or more analyses of potency of the drug or chemical
formulation at different points in time. By taking multiple measures of potency and applying
mathematical modelling, the likely rate of degradation of a solution and its resulting stability can
be accurately predicted.
It is preferable to have a sufficient time between these potency determinations, often many days
or several weeks, to increase the accuracy of the prediction of stability.
In order to assess stability, the testing of specific batches of compounded drug preparations is
required. To calculate stability of a compounded drug preparation, serial measures of potency
provide a more accurate assessment than the empirical beyond-use date attached to the drug by
the compounding pharmacist consistent with USP <797> guidelines.
If a drug or chemical formulation has been degraded by the passage of time, its ability to meet its
intended use will be considerably weakened.

Osmolarity
Osmolarity refers to the concentration of a solution expressed as the total number of solute
particles per liter, and this may include the active drug or chemical and any inactive ingredients
added in the production or preparation process. Knowing the potency of a drug does not
necessarily indicate its osmolarity, because potency measures only the concentration of the active
drugs in the solution.
Osmolality may also be used to describe a solution. Osmolality refers to the concentration of a
solution expressed as the total number of solute particles per mass weight of the solution.
Pharmaceutical drug products and preparations contain both active drug molecules and
excipients, or inactive ingredients. Any ingredient added into the solution contributes to the
osmolarity of the solution.
In human physiology and homeostasis, the body tries to maintain a consistent osmolarity in
blood. If an injectable drug or chemical formulation has an osmolarity that is much higher than a
normal level of blood osmolarity, the drug or formulation will exert a substantial pressure change
across the cell membranes in the blood, throughout the body when injected. Depending on the
severity of the pressure change, this condition can create extraordinary pain for the individual

receiving the injection.
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63.

64.

65.

66.

67.

68.

69.

The osmolarity of a compounded injectable drug or chemical formulation can be calculated from
the manufacturing formula or “recipe” used to produce the drug, that is the chemical formula of
the solution and a list of ingredients and their amounts in the solution. The osmolarity of a drug
can also be measured with certain types of sophisticated instruments, but such measurements are
not routinely performed in a compounding pharmacy.

pH
The pH of a solution can also affect how a drug or chemical formulation acts upon injection into
the body. If the pH is too extreme (i.e., either excessively basic or excessively acidic), the drug or
chemical formulation will be incompatible with the pH of human blood and its injection would
be expected to cause severe pain.
The pH of a drug or chemical formulation is also relevant to the stability and potency of the drug.
If the pH is not stabilized in some way, this can cause chemicals in the solution to fall out of
solution and revert to a solid form, known as a precipitate, which renders it unfit for intended use
and can cause many problematic effects. Crystallization is one form of a precipitate, and can lead
to substantial harm and severe pain if injected into a human.
The pH of a compounded preparation can be measured with common instruments, including
probes, meters, and papers with chemical reagent indicators.

Sterility
The sterility of a drug or chemical formulation refers to the extent that foreign microbial (e.g.,
bacteria, virus, viral spores, fungus, etc.) contaminants are present in the solution. Sterility can be
effected by a number of issues surrounding the method of manufacture or preparation, including
for example whether the compounding pharmacy starts with bulk active material and terminal
sterilization procedures.
The sterility of a drug—the presence or absence of impurities of various types—can also affect
the drug’s efficacy and the potential that it will cause severe pain when injected into the body.
Effective methods for sterility testing are outlined in General Chapter 71 of the USP and the
methods generally involve incubating samples of the solution on an appropriate media for a
period of time to determine if microorganisms will grow.

Summary
To meaningfully assess whether compounded pentobarbital sodium will function as intended in
taking the life of the condemned without causing severe pain, each of the foregoing five factors

needs to be disclosed.



70. While chromatographic methods could describe potency at the time of analysis, it would not

71.

72

reveal the pharmaceutical’s pH, osmolarity, or sterility. Chromatographic methods could describe
stability, but at least two analyses would need to be conducted to do so.

Revealing the concentration of an active pharmaceutical ingredient or chemical substance in a
sample, would indicate potency at a particular point in time, but it would not indicate stability,
pH, osmolarity, or sterility. Nor does revealing the concentration of the active pharmaceutical
ingredient reveal whether a preparation contains unintended additives.

The USP establishes a clear baseline for pharmaceutical preparations, including the beyond use
date of any substance. The BUD, or timeframe for the viable usage of compounded pentobarbital
sodium, is no exception. As a high-risk compounded sterile preparations, pentobarbital’s BUD is
(a) 24 hours, if the product is stored at a controlled room temperature, (b) three days, if the
product is refrigerated, and (c) 45 days, if the product is stored in a solid, frozen temperature. In
order to safely use pentobarbital to end the life of the condemned without causing severe pain,
the state must adhere to these long-established requirements for compounding sterile

preparations.

I declare under penalty of perjury that the foregoing is true and correct to the best of my knowledge
and belief.
Executed this !i:{ E-'--Ltday of May 2021.

%(’L@wﬂj\

James HMble, PharmD, JD



Exhibit A



Case 4:13-cv-02901 Document 63-1 Filed in TXSD on 04/24/15 Page 4 of 10

James H. Ruble, R.Ph., Pharm.D., J.D.
SALUS CONSULTING, L.L.C.
3362 South 400 East
Bountiful, Utah 84010

April 24, 2015

Bobbie L. Stratton

Baker Donelson Bearman Caldwell & Berkowitz, P.C.
1301 McKinney St., Suite 3700

Southern District of Texas, Houston Division
Houston, Texas 77010

Re: Case No. 4:13-¢v-02901; Whitaker, et al. v. Brad Livingston, ef al.; In the
United States District Court for the Southern District of Texas, Houston
Division

Dear Ms. Stratton:

My name is James H. Ruble. On behalf of Plaintiffs Thomas Whitaker and Perry Williams
in the above-referenced case, you have asked me to provide information responsive to the April
1, 2015 Order of the District Court of the Southern District of Texas that plaintiffs “file a precise
scientific description of the process of compounding pentobarbital.” The opinions I express in
this report are made to areasonable degree of scientific certainty.

I reside in Bountiful, Utah, located in the metropolitan area of Salt Lake City. I have been
a registered pharmacist in the State of Utah since 1992. T earned a Doctor of Pharmacy, a Juris
Doctor, a Bachelor of Science in Pharmacy, and a Bachelor of Science in Biology from the
University of Utah, in Salt Lake City. I am a pharmacist at the University of Utah Health Care
System, and T am an associate professor (clinical) in the Department of Pharmacotherapy and an
adjunct assistant professor in the Department of Pharmaceutics and Pharmaceutical Chemistry at
the University of Utah College of Pharmacy. I teach pharmacy law, health care ethics, and
pharmaceutical compounding to professional pharmacy students and graduate students. My
curriculum vitae, detailing prior positions, Honors, Research and Scholarly Work,
Publications, and Presentations, is attached as Exhibit A.

In preparation of this report, I was provided and reviewed a copy of the April 1, 2015
Order. I also reviewed the U.S. Food and Drug Administration (“FDA”) Guidance on Pharmacy
Compounding of Human Drug Products Under Section 503A of the Federal Food, Drug, and
Cosmetic Act (“FDCA”™),! FDA Guidance on Registration for Human Drug Compounding
Outsourcing Facilities Under Section 503B of the Federal FDCA,? and the guidelines provided in:

1 Available at http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377052

2 Available at http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377051
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- United States Pharmacopeia (“USP”) General Chapter <797> Pharmaceutical
Compounding — Sterile Preparations (“USP <797>");

2 USP General Chapter <795> Pharmaceutical Compounding — Nonsterile
Preparations (“USP <795>"),

. 3 USP General Chapter <85> Bacterial Endotoxins Test (“USP <85>");

4. USP General Chapter <71> Sterility Tests (“USP <71>); and

3. USP Monograph for Pentobarbital Sodium Injection.

These USP sections are from version USP 37/NF 32 and are designated as “official” through 30
April 2015.

A. PHARMACEUTICAL COMPOUNDING

The 2013 Drug Quality and Security Act (Public Law 113-54 —Nov. 27, 2013)? established
two types of pharmaceutical compounding: traditional and non-traditional. These two activities
are frequently referred to as “503 A” compounding and “503 B” compounding, respectively.
Traditional (503 A) compounding does not involve the creation of drugs from scratch. Rather,
it uses active and inactive ingredients to meet the individual needs of a specific, identifiable
patient that for medical reasons cannot be met with an FDA-approved product, according to a
legal prescription for an individual patient.

Non-Traditional (503 B) compounding also involves the use of active and inactive
pharmaceutical ingredients to compound pharmaceutical preparations. However, the final
preparation is not intended for a specific, identifiable patient; thus is not “patient
specific” but is intended for general sales and distribution. Non-traditional compounding is
commonly referred to as “outsourced” compounding and resembles drug manufacturing more
than it does the professional practice of pharmacy. Unlike manufacturers, compounding
pharmacies are generally not subject to the drug approval process and the rigorous checks
and regulatory procedures required under current Good Manufacturing Practice For Finished
Pharmaceuticals (“cGMPs”).* Non-traditional compounders must nonetheless register with
the FDA and acknowledge the jurisdiction and authority of the FDA to inspect their facilities.
Whether a drug is compounded by a Traditional or Non-traditional compounder, the FDA
does not verify the safety or effectiveness of these drug preparations or the quality of their
manufacture. These compounded products thus remain outside the FDA regulatory framework
that otherwise ensures these qualities in manufactured pharmaceutical drugs.

The intended use of a compounded drug customarily dictates the formula to be used,
compounding method(s), appropriate storage conditions, and calculation of an appropriate
“beyond use date” (“BUD™). The intended uses of drugs are frequently supported by one or more

3 Available at http://www.gpo.gov/fdsys/pke/PLAW-113publ54/pdf/PLAW-113publ54.pdf

421 CFR Part 211. Available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfi/CFRSearch.cfm?CFRPart=211
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published descriptions in a life science, clinical science, or pharmaceutical science database. This
publication process is fundamental to the concept of “evidence based medicine” (“EBM”)* and
Good Clinical Practice® philosophies. For purposes of the writing of this report, I conducted
searches in the National Library of Medicine (PubMED) database and the International
Pharmaceutical Abstracts (“IPA”) database, using the terms “pentobarbital” and “execution.”
According to these databases, there is no published scientific description of, or formula for, the
process of compounding pentobarbital for use in executions. As such, it is highly probable there
is no scientific, evidence-based formula existing in the public domain for this use.

There are, however, USP guidelines that govern the methods by which compounding
pharmacies should prepare pharmaceutical preparations for medicinal use via intravenous (“IV*)
route of administration. I describe below these general guidelines and how they might be used to
guide a pharmacy in compounding pentobarbital sodium injection.

B. THE PROCESS FOR COMPOUNDING PENTOBARBITAL FOR
MEDICINAL USE VIA INTRAVENOUS INJECTIONS

Pentobarbital is a short-acting barbiturate licensed by the FDA for human use as a sedative,
hypnotic, pre-anesthetic, and anticonvulsant, in the emergency control of certain acute convulsive
episodes.” In most of the clinical indications of pentobarbital sodium injection, it is administered
either as an Intramuscular (“IM™) injection into a large muscle or as a direct injection into an IV
catheter.

In circumstances in which commercial pentobarbital sodium injection is unavailable for
use, either due to shortage or other supply chain disruption, some pharmacies may have the
equipment and expertise to prepare a compounded “copy” of the commercial product. This would
entail use of the bulk active pharmaceutical ingredient (“API”) and inactive ingredients. An API
is any substance or mixture of substances intended to be used in the compounding of a drug
preparation, thereby becoming the active ingredient in that preparation. Pentobarbital sodium salt
is the bulk powder form needed to make finished compounded preparations of pentobarbital.
Without pentobarbital sodium salt API, it is not possible to compound pentobarbital sodium
injection. Quality API is pivotal to a quality final product.®

3 See e.g., Evidence-Based Medicine Working Group. Evidence-based medicine. A new approach to teaching the
practice of medicine. JAMA. 1992;268(17):2420-2425.

5 Good Clinical Practice (“GCP”) is developed by the International Conference on Harmonization (“ICH”) of
Technologies. The FDA has guidance about use of GCP in U.S. Health Care, available at
http://www.fda.gov/ScienceResearch/Special Topics/RunningClinical Trials/default.htm

H Pentobarbital sodium injection, product labeling. Available at
http://dailymed.nlm.nih.gov/dailymed/druginfo.cfim?setid=5¢380ab0-4386-48b6-80ab-ca594b23bc74

8 T recently reviewed the current availability of pentobarbital sodium salt API in the United States by consulting
primary commercial sources upon which U.S. compounding pharmacies rely for purchase of bulk chemical APlIs.
From my review, I concluded that pentobarbital API in bulk powder form is not cwrently available for sale for
purchase by compounding pharmacies in the U.S. for use in compounded pentobarbital preparations.
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The compounding of pentobarbital for IV administration must be conducted as “sterile”
compounding because the preparation is administered directly into the systemic circulation of the
body and bypasses mechanisms which protect humans from microbial infection and other
potentially harmful toxins including, but not limited to, endotoxins and pyrogens. USP <797>
(attached to this Report as Exhibit B), established in 2004, provides professional standards and
guidance in pharmaceutical compounding of sterile preparations. Preparations compounded in
conformance with USP <797> are referred to as “compounded sterile products™ (“CSP”s). USP
<797> establishes three levels of sterile compounding, based on risk of contamination, to wit: low-
risk; medium-risk; and high-risk CSPs. Pentobarbital sodium injection compounding would be
designated as a high-risk CSP because a non-sterile bulk powder API is incorporated into a
finished, compounded preparation. It is then subjected to a terminal sterilization process, which
is required under USP <797> for high risk compounded sterile products. This may be
accomplished by any number of physical, chemical, or mechanical methods. In many
compounding pharmacies, the preferred method of terminal sterilization is through use of
membrane filtration.

In accordance with USP standards and definitions, a solution intended for parenteral
administration is titled an “injection.” A compounded pentobarbital sodium injection must contain
the pentobarbital sodium API and one or more inactive ingredients to form the solution. One of
these inactive ingredients must be a liquid vehicle to serve as a diluent to dissolve the solid powder
API form. Water is the primary diluent used to prepare the commercial (manufactured) form of
pentobarbital sodium injection, and it is highly probable that compounding pharmacies are using
water in their pentobarbital sodium injection CSPs. In addition, compounding pharmacies may
be including other inactive ingredients, e.g., propylene glycol, alcohol, hydrochloric acid, sodium
hydroxide. Small amounts of these ingredients may be added, for example, to adjust pH, tonicity,
and solubility of the finished preparation.

The manual combination or mixing of these ingredients, that is, the “compounding”
process, must be carried out under specific environmental conditions, using equipment that is
properly calibrated and maintained, and performed by personnel that are highly trained and whose
competency and aseptic technique is verified at regular intervals. Sterile compounding of
pentobarbital sodium injection must be done in a Direct Compounding Area that has ISO 5 quality
airflow within a primary engineering control (e.g., a HEPA-filtered, horizontal laminar airflow
workbench) that is located within a clean room that has ISO 7 quality airflow, as well as numerous
additional design features. The airflow in the clean room and in the primary engineering controls
must be certified at regular intervals by certified HVAC engineers. In addition, USP <797> has
robust expectations for cleaning and maintenance of the clean room and compounding equipment,
as well as quality assurance processes and quality control testing of the equipment for microbial
and other non-viable particulate contaminants. Compliance with these USP <797> requirements
is mandatory.

As can be inferred from the previous paragraph, pharmaceutical compounding of sterile
products is a highly technical process that requires precision and has a very narrow tolerance for
error. Pharmacies that choose to provide compounded sterile products must make substantial
commitments for facilities, equipment, skilled personnel, training, quality programs (i.e., quality
assurance, quality control, quality improvement), standard operating practices, and record
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retention practices. Moreover, compounded sterile products such as pentobarbital sodium
injection have additional risks in view of the utilization of nonsterile bulk API in the compounding
process. While I do not have access to the exact process used by the compounding pharmacy in
this case, my compounding knowledge and experience suggests the following steps, not
necessarily in this order, nor limited to only these steps:

»  Obtain pre-work materials, inventory and controlled substance record documentation,
labeling, review master compounding and batch form records

= Collect container of bulk API (i.e., pentobarbital sodium powder) and other
pharmaceutical ingredients to be used in compounding the preparation, as well as the
accessories used to compound (e.g., syringes, needles, containers, disinfecting
chemicals, etc.)

» Conduct hand hygiene and proper donning of sterile compounding garb (e.g., gloves,
hair cover, mask, shoe covers, gown)

» Enter compounding clean room, preparing laminar airflow workbench, arrange
materials in organized fashion

= Conduct compounding activities, weighing proper amount of bulk API, measuring
proper volume of diluent and other inactive ingredients

= Using aseptic technique, add API and inactive ingredients into a container and observe
powder to completely dissolve into solution

» Upon dissolution, use membrane filtration to terminally sterilize the finished
preparation

®  Check the integrity of the membrane filter to ensure it has remained intact

= Ifrequired, obtain samples for additional quality testing (e.g., sterility testing, bacterial
endotoxin testing, potency testing, purity testing, pH testing, etc.

As previously stated, this is a general description of the process, and there could be several
other steps depending on the operations of the pharmacy facility and number of preparations being
compounded.

. BEYOND-USE DATING AND PRODUCT LIFE CYCLE

Traditional and Non-Traditional compounding pharmacies do not have access to the
sophisticated equipment (e.g., spectroscopes, chromatographs, calorimeters, etc.) for qualitative
and quantitative analysis that are typically found in pharmaceutical manufacturer establishments.
This sophisticated equipment is important for measuring chemical, physical, and biological
parameters to extend shelf-life of CSPs. Accordingly, Traditional and Non-Traditional
compounders must limit their batch “production” sizes and settle for relatively short “beyond use
dates” and thus limited commercial opportunities.

A “beyond use date” (“BUD?) is defined in USP <797> as “the date or time after which
a CSP shall not be stored or transported. The BUD is determined from the date and time the
preparation is compounded.” BUDs are typically assigned on the basis of professional
experience and judgment and rarely based on batch-specific chemical analysis. Thus, a BUD is
an empiric determination. Although BUD is sometimes used interchangeably with “expiration
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date,” these terms have different meaning. Expiration dates are assigned to manufactured
products based on rigorous analytical and performance testing. The “expiration” date of FDA
regulated pharmaceuticals is a qualified assurance that they retain their integrity over specified
periods of time. This assurance is more difficult to do with compounded drugs. In the traditional
compounding setting, it is also often unnecessary, as a particular drug is mixed pursuant to a
licensed prescriber’s order for an individual patient for immediate use.

Longer BUDs (“extended BUDs”) can be established for CSPs using empirical data based
on extended stability and sterility testing. This testing is conducted by a laboratory or, in the
absence of such data, can be calculated according to the recommended ranges established under
USP <797>. The calculation of an extended BUD is dependent on numerous variables,
including, pivotally, the stability and sterility of the subject compounded drug:

Pharmaceutical stability depends on the purity and concentration of specific
ingredients, packaging and environmental exposure and storage . . . Small changes
in any of those variables can cause rapid loss of drug strength or much shorter than
expected shelf-life. . . . even the most expert and caring pharmacist’s visual,
olfactory or other professional judgment, in the absence of scientific testing results
about sterility and stability of compounded pharmaceuticals can be dangerously
wrong.

Newton, David and Dunn, Bernard, 4 Primer on USP Chapter <797> “Pharmaceutical
Compounding—Sterile Preparations,” and USP Process for Drug and Practice Standards, p.11.°

Even after it is assigned to a CSP, a BUD can be affected dramatically by subsequent
storage conditions.!” CSPs (such as pentobarbital sodium injection) need to be kept in very
particular conditions, relating to the stability and properties of the medicines in question. If not
stored properly, CSPs can be damaged and rendered unusable. The multiplicity of variables
underscores the impossibility of reliable date certain BUDs and the importance of subsequent
testing — and stability and sterility testing in particular — multiple times over a drug’s shelf life,
not just shortly after it is compounded. Id.; see also USP Chapter <795> “Stability Criteria and
Beyond-Use Dating.”

As set forward in USP <797>, these are the empiric BUDs for CSPs:

Risk Level Room Temp Refrig Freeze
Low 48 hr 14 days 45 days
Low (12 hr BUD) 12 hr 12 hr n/a

Medium 30 hr 9 days 45 days
High 24 hr 3 days 45 days

? Available here: www.nhia.org/members/documents/usp_797 primer.pdf

10 See id. at 40.

Page 6 of 7



Case 4:13-cv-02901 Document 63-1 Filed in TXSD on 04/24/15 Page 10 of 10

Thus, the maximum BUD (timed from the day and hour of preparation) that can be assigned to
these products is:

= 24 hours, if CSPs are stored at controlled room temperature
= 3 days, if CSPs are stored at a cold temperature (i.e., refrigerated)
= 45 days, if CSPs are stored in a solid, frozen temperature.

While it is impossible to assess the accuracy of a BUD without knowing detailed information
about the compound, the raw ingredients, the compounders, and the testers, it is possible to review
the relevant science and codes to recognize the unreliability of a stated “expiration date” beyond
an intended immediate use of the compounded drug.

I hope you find this information helpful and responsive to the Court’s April 1, 2015 Order. If 1
can provide further clarification or explanation, please let me know. As you are aware, I was not
asked to apply these standards or practices to the State of Texas's use of compounded pentobarbital
for purposes of execution by lethal injection. As always, the application of scientific protocols to
a specific set of facts or circumstances could affect my views and opinions because the protocols
and/or tests that must be taken into account could compel a different discussion. Please let me
know if I can be of further assistance as your litigation proceeds.

Sincerely,
g l4- QJA’

James H. Ruble
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(797) PHARMACEUTICAL COMPOUNDING—STERILE PREPARATIONS

Add the following:

ATo view the Notice that posted in conjunction with this accelerated revision, please click https://www.uspnf.com/rb/gc-797-
20200424. 4 ®B 1-May-2020)

INTRODUCTION

The objective of this chapter is to describe conditions and practices to prevent harm, including death, to patients that could
result from (1) microbial contamination (nonsterility), (2) excessive bacterial endotoxins, (3) variability in the intended strength
of correct ingredients that exceeds either monograph limits for official articles (see General Notices, 2.20 Official Articles) or 10%
for nonofficial articles, (4) unintended chemical and physical contaminants, and (5) ingredients of inappropriate quality in
compounded sterile preparations (CSPs). Contaminated CSPs are potentially most hazardous to patients when administered
into body cavities, central nervous and vascular systems, eyes, and joints, and when used as baths for live organs and tissues.
When CSPs contain excessive bacterial endotoxins (see Bacterial Endotoxins Test (85)), they are potentially most hazardous to
patients when administered into the central nervous system.

Despite the extensive attention in this chapter to the provision, maintenance, and  aluation of air quality, the avoidance of
direct or physical contact contamination is paramount. It is generally acknowledged th  direct or physical contact of critical
sites of CSPs with contaminants, especially microbial sources, poses the greate obabi  of risk to patients. Therefore,
compounding personnel must be meticulously conscientious in precluding ¢ nta ntamination of CSPs both within and
outside ISO Class 5 (see Table 1) areas.

To achieve the above five conditions and practices, this chapter prov des mi mum practice and quality standards for CSPs
of drugs and nutrients based on current scientific information and best ste = comp unding practices. The use of technologies,
techniques, materials, and procedures other than those described  his ch  ter is not prohibited so long as they have been
proven to be equivalent or superior with statistical significance to those descri ed herein. The standards in this chapter do not
pertain to the clinical administration of CSPs to patients = appl tion, i plantation, infusion, inhalation, injection, insertion,
instillation, and irrigation, which are the routes of administr tion.  ur sp cific categories of CSPs are described in this chapter:
low-risk level, medium-risk level, and high-risk leve  ndim  diate e. Sterile compounding differs from nonsterile
compounding (see Pharmaceutical Compounding—N erile P arations (795)) primarily by requiring the maintenance of
sterility when compounding exclusively with s rilei g dientsa d components (i.e., with immediate-use CSPs, low-risk level
CSPs, and medium-risk level CSPs) and the ach ~ ment terility when compounding with nonsterile ingredients and
components (i.e., with high-risk level CSPs). So ifferenc  between standards for sterile compounding in this chapter and
those for nonsterile compounding in Ph eutica  mpounding—Nonsterile Preparations (795) include, but are not limited
to, ISO-classified air environments (s Table  perso el garbing and gloving; personnel training and testing in principles
and practices of aseptic manipulatio s and steri ation; environmental quality specifications and monitoring; and disinfection
of gloves and surfaces of ISO Class 5 see Table  sources.

Table 1. ISO Classification of Particula r in Room Air (limits are in particles of 0.5 pm and larger per cubic meter [current ISO]
and cubic feet [former Federal Standard No. 209E, FS 209E])"
Class Name Particle Count
I1SO Class U.S. FS 209E 1SO, m? FS 209E, ft3
3 Class 1 35.2 1
4 Class 10 352 10
5 Class 100 3,520 100
6 Class 1,000 35,200 1,000
7 Class 10,000 352,000 10,000
8 Class 100,000 3,520,000 100,000

*Adapted from former Federal Standard No. 209E, General Services Administration, Washington, DC, 20407 (September 11, 1992) and ISO 14644-1:1999,
Cleanrooms and associated controlled environments—Part 1: Classification of air cleanliness. For example, 3,520 particles of 0.5 pm per m?* or larger (ISO Class 5)
is equivalent to 100 particles per ft* (Class 100) (1 m? = 35.2 ft3).

The standards in this chapter are intended to apply to all persons who prepare CSPs and all places where CSPs are prepared
(e.g., hospitals and other healthcare institutions, patient treatment clinics, pharmacies, physicians’ practice facilities, and other
locations and facilities in which CSPs are prepared, stored, and transported). Persons who perform sterile compounding include
pharmacists, nurses, pharmacy technicians, and physicians. These terms recognize that most sterile compounding is performed
by or under the supervision of pharmacists in pharmacies and also that this chapter applies to all healthcare personnel who
prepare, store, and transport CSPs. For the purposes of this chapter, CSPs include any of the following:

1. Compounded biologics, diagnostics, drugs, nutrients, and radiopharmaceuticals, including but not limited to the
following dosage forms that must be sterile when they are administered to patients: aqueous bronchial and nasal
inhalations, baths and soaks for live organs and tissues, injections (e.g., colloidal dispersions, emulsions, solutions,
suspensions), irrigations for wounds and body cavities, ophthalmic drops and ointments, and tissue implants.
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2. Manufactured sterile products that are either prepared strictly according to the instructions appearing in manufacturers’
approved labeling (product package inserts) or prepared differently than published in such labeling. [NOTE—The FDA
states that “Compounding does not include mixing, reconstituting, or similar acts that are performed in accordance with
the directions contained in approved labeling provided by the product’s manufacturer and other manufacturer directions
consistent with that labeling” [21 USC 321 (k) and (m)]. However, the FDA-approved labeling (product package insert)
rarely describes environmental quality (e.g., ISO Class air designation, exposure durations to non-ISO classified air,
personnel garbing and gloving, and other aseptic precautions by which sterile products are to be prepared for
administration). Beyond-use exposure and storage dates or times (see Labeling (7) and Pharmaceutical Compounding—
Nonsterile Preparations (795)) for sterile products that have been either opened or prepared for administration are not
specified in all package inserts for all sterile products. Furthermore, when such durations are specified, they may refer to
chemical stability and not necessarily to microbiological purity or safety.]

ORGANIZATION OF THIS CHAPTER

The sections in this chapter are organized to facilitate the practitioner’s understanding of the fundamental accuracy and
quality practices for preparing CSPs. They provide a foundation for the development and implementation of essential procedures
for the safe preparation of low-risk, medium-risk, and high-risk level CSPs and immediate-use CSPs, which are classified
according to the potential for microbial, chemical, and physical contamination. Th chapter is divided into the following main
sections:

e Responsibility of Compounding Personnel
CSP Microbial Contamination Risk Levels
Personnel Training and Evaluation in Aseptic Manipulation Skills
Immediate-Use CSPs
Single-Dose and Multiple-Dose Containers
Hazardous Drugs as CSPs
Radiopharmaceuticals as CSPs
Allergen Extracts as CSPs
Verification of Compounding Accuracy and Sterility
Environmental Quality and Control
Suggested Standard Operating Procedures (SO
Elements of Quality Control
Verification of Automated Compounding D  ces (AC ) for Parenteral Nutrition Compounding
Finished Preparation Release Checks  d Tests
Storage and Beyond-Use Dating
Maintaining Sterility, Purity, a  Stability o Dispensed and Distributed CSPs
Patient or Caregiver Training
Patient Monitoring and Adverse  ents Re  rting
Quality Assurance (QA) Program
Abbreviations and Acronyms
Glossary
Appendices -V

The requirements and recommendations in this chapter are summarized in Appendix I. A list of abbreviations and acronyms
is included at the end of the main text, before the Appendices.

All personnel who prepare CSPs shall be responsible for understanding these fundamental practices and precautions, for
developing and implementing appropriate procedures, and for continually evaluating these procedures and the quality of final
CSPs to prevent harm.

RESPONSIBILITY OF COMPOUNDING PERSONNEL

Compounding personnel are responsible for ensuring that CSPs are accurately identified, measured, diluted, and mixed and
are correctly purified, sterilized, packaged, sealed, labeled, stored, dispensed, and distributed. These performance
responsibilities include maintaining appropriate cleanliness conditions and providing labeling and supplementary instructions
for the proper clinical administration of CSPs.

Compounding supervisors shall ensure, through either direct measurement or appropriate information sources, that specific
CSPs maintain their labeled strength within monograph limits for USP articles, or within 10% if not specified, until their BUDs.
All CSPs are prepared in a manner that maintains sterility and minimizes the introduction of particulate matter.

A written quality assurance procedure includes the following in-process checks that are applied, as appropriate, to specific
CSPs: accuracy and precision of measuring and weighing; the requirement for sterility; methods of sterilization and purification;
safe limits and ranges for strength of ingredients, bacterial endotoxins, and particulate matter; pH; labeling accuracy and
completeness; BUD assignment; and packaging and storage requirements. The dispenser shall, when appropriate and
practicable, obtain and evaluate results of testing for identity, strength, purity, and sterility before a CSP is dispensed. Qualified
licensed healthcare professionals who supervise compounding and dispensing of CSPs shall ensure that the following objectives
are achieved:
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1. Compounding personnel are adequately skilled, educated, instructed, and trained to correctly perform and document
the following activities in their sterile compounding duties:

A. perform antiseptic hand cleansing and disinfection of nonsterile compounding surfaces;

B. select and appropriately don protective garb;

C. maintain or achieve sterility of CSPs in ISO Class 5 (see Table T) PEC devices and protect personnel and
compounding environments from contamination by radioactive, cytotoxic, and chemotoxic drugs (see Hazardous
Drugs as CSPs and Radiopharmaceuticals as CSPs);

D. identify, weigh, and measure ingredients; and

E. manipulate sterile products aseptically, sterilize high-risk level CSPs, and label and quality inspect CSPs.

2. Ingredients have their correct identity, quality, and purity.

3. Opened or partially used packages of ingredients for subsequent use in CSPs are properly stored under restricted access
conditions in the compounding facility. Such packages cannot be used when visual inspection detects unauthorized
breaks in the container, closure, and seal; when the contents do not possess the expected appearance, aroma, and
texture; when the contents do not pass identification tests specified by the compounding facility; and when either the
BUD or expiration date has been exceeded.

4. Water-containing CSPs that are nonsterile during any phase of the compounding procedure are sterilized within 6 hours
after completing the preparation in order to minimize the generation of bacterial endotoxins.

5. Sterilization methods achieve sterility of CSPs while maintaining the labeled  ngth of active ingredients and the physical
integrity of packaging.

6. Measuring, mixing, sterilizing, and purifying devices are clean, appropriately ac  ate, and effective for their
intended use.

7. Potential harm from added substances and differences in rate and ext tofb vailability of active ingredients for other
than oral route of administration are carefully evaluated befor such CSPs are d pensed and administered.

8. Packaging selected for CSPs is appropriate to preserve the sterility nd st g h until the BUD.

9. While being used, the compounding environment maintains the ste ty or the presterilization purity, whichever is
appropriate, of the CSP.

10. Labels on CSPs list the names and amounts or concentrati s of act e ingredients, and the labels or labeling of injections
list the names and amounts or concentrations of all ingredie s (see abeling(7)). Before being dispensed or administered,
the clarity of solutions is visually confirmed; a o, the dentity amounts of ingredients, procedures to prepare and
sterilize CSPs, and specific release criteria are i wed  ensure their accuracy and completeness.

11. BUDs are assigned on the basis of directt ting  xtrapo  on from reliable literature sources and other documentation
(see Stability Criteria and Beyond-Use Dat g nder  armaceutical Compounding—Nonsterile Preparations (795)).

12. Procedures for measuring, mixing, dilutio , urificati , sterilization, packaging, and labeling conform to the correct

sequence and quality established spec d CSP.
13. Deficiencies in compounding = beling,  ckagin , and quality testing and inspection can be rapidly identified and
corrected.

14. When time and personnel av  bility so p. mit, compounding manipulations and procedures are separated from

postcompounding quality insp  ion an -~ eview before CSPs are dispensed.

This chapter emphasizes the need to m  ain high standards for the quality and control of processes, components, and
environments and for the skill and knowledge of personnel who prepare CSPs. The rigor of in-process quality-control checks
and of postcompounding quality inspection and testing increases with the potential hazard of the route of administration. For
example, nonsterility, excessive bacterial endotoxin contamination, large errors in strength of correct ingredients, and incorrect
ingredients in CSPs are potentially more dangerous to patients when the CSPs are administered into the vascular and central
nervous systems than when administered by most other routes.

CSP MICROBIAL CONTAMINATION RISK LEVELS

The three contamination categories for CSPs described in this section are assigned primarily according to the potential for
microbial contamination during the compounding of low-risk level CSPs and medium-risk level CSPs or the potential for not
sterilizing high-risk level CSPs, any of which would subject patients to risk of harm, including death. High-risk level CSPs must
be sterilized before being administered to patients. The appropriate risk level—low, medium, or high—is assigned according
to the corresponding probability of contaminating a CSP with (1) microbial contamination (e.g., microbial organisms, spores,
endotoxins) and (2) chemical and physical contamination (e.g., foreign chemicals, physical matter). Potential sources of
contamination include, but are not limited to, solid and liquid matter from compounding personnel and objects; nonsterile
components employed and incorporated before terminal sterilization; inappropriate conditions within the restricted
compounding environment; prolonged presterilization procedures with aqueous preparations; and nonsterile dosage forms
used to compound CSPs.

The characteristics described below for low-, medium-, and high-risk level CSPs are intended as a guide to the breadth and
depth of care necessary in compounding, but they are neither exhaustive nor prescriptive. The licensed healthcare professionals
who supervise compounding are responsible for determining the procedural and environmental quality practices and attributes
that are necessary for the risk level they assign to specific CSPs.

These risk levels apply to the quality of CSPs immediately after the final aseptic mixing or filling or immediately after the final
sterilization, unless precluded by the specific characteristics of the preparation. Upon subsequent storage and shipping of freshly
finished CSPs, an increase in the risks of chemical degradation of ingredients, contamination from physical damage to
packaging, and permeability of plastic and elastomeric packaging is expected. In such cases, compounding personnel are
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responsible for considering the potential additional risks to the integrity of CSPs when assigning BUDs. The pre-administration
storage duration and temperature limits specified in the following subsections apply in the absence of direct sterility testing
results that justify different limits for specific CSPs.

Low-Risk Level CSPs
CSPs compounded under all the following conditions are at a low risk of contamination.

Low-Risk CONDITIONS

1. The CSPs are compounded with aseptic manipulations entirely within ISO Class 5 (see Table T) or better air quality using
only sterile ingredients, products, components, and devices.

2. The compounding involves only transfer, measuring, and mixing manipulations using not more than three commercially
manufactured packages of sterile products and not more than two entries into any one sterile container or package (e.g.,
bag, vial) of sterile product or administration container/device to prepare the CSP.

3. Manipulations are limited to aseptically opening ampuls, penetrating disinfected stoppers on vials with sterile needles
and syringes, and transferring sterile liquids in sterile syringes to sterile administration devices, package containers of
other sterile products, and containers for storage and dispensing.

4. For alow-risk level preparation, in the absence of passing a sterility test (see S ility Tests (71)), the storage periods cannot
exceed the following time periods: before administration, the CSPs are prope  stored and are exposed for not more
than 48 hours at controlled room temperature (see Packaging and Storage Require  nts (659)), for not more than 14 days
at a cold temperature (see Packaging and Storage Requirements (659)), a 45 da in solid frozen state between -25°
and -10°.

EXAMPLES OF LOW-RISK CO POUN IN

1. Single-volume transfers of sterile dosage forms from ampul  ottles, gs, and vials using sterile syringes with sterile
needles, other administration devices, and other sterile co tainers The solution content of ampuls should be passed
through a sterile filter to remove any particles.

2. Simple aseptic measuring and transferring with notm etha hr packages of manufactured sterile products, including
an infusion or diluent solution to compound  ug adm tures and nutritional solutions.

Low-Risk L VEL CS  WITH 12-HOUR OR LESS BUD

If the PEC is a CAl or CACI that does not mee th requirements described in Placement of Primary Engineering Controls or is a
laminar airflow workbench (LAFW) or -~ io  cal saf  cabinet (BSC) that cannot be located within an ISO Class 7 (see Table
1) buffer area, then only low-risk leve nonhaza  usan radiopharmaceutical CSPs pursuant to a physician’s order for a specific
patient may be prepared, and admi  tration of ~ h CSPs shall commence within 12 hours of preparation or as recommended
in the manufacturers’ package inser whichever less. Low-risk level CSPs with a 12-hour or less BUD shall meet all of the
following four criteria:

1. PECs (LAFWs, BSCs, CAls, CACls,) be certified and maintain ISO Class 5 (see Table 1) as described in Facility Design
and Environmental Controls for exposure of critical sites and shall be in a segregated compounding area restricted to sterile
compounding activities that minimize the risk of CSP contamination.

2. The segregated compounding area shall not be in a location that has unsealed windows or doors that connect to the
outdoors or high traffic flow, or that is adjacent to construction sites, warehouses, or food preparation. Note that this list
is not intended to be all inclusive.

3. Personnel shall follow the procedures described in Personnel Cleansing and Garbing and Additional Personnel
Requirements prior to compounding. Sinks should not be located adjacent to the ISO Class 5 (see Table 1) PEC. Sinks
should be separated from the immediate area of the ISO Class 5 (see Table 1) PEC device.

4. The specifications in Cleaning and Disinfecting the Sterile Compounding Areas, Personnel Training and Competency Evaluation
of Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures, and Viable and Nonviable Environmental Sampling
(ES) Testing shall be followed as described in the chapter.

Compounding personnel must recognize that the absence of an ISO Class 7 (see Table T) buffer area environment in a general
uncontrolled environment increases the potential of microbial contamination, and administration durations of microbially
contaminated CSPs exceeding a few hours increase the potential for clinically significant microbial colonization, and thus for
patient harm, especially in critically ill or immunocompromised patients.

QUALITY ASSURANCE

Quality assurance practices include, but are not limited to the following:

1. Routine disinfection and air quality testing of the direct compounding environment to minimize microbial surface
contamination and maintain I1SO Class 5 (see Table T) air quality.

2. Visual confirmation that compounding personnel are properly donning and wearing appropriate items and types of
protective garments, including eye protection and face masks.

3. Review of all orders and packages of ingredients to ensure that the correct identity and amounts of ingredients were
compounded.
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4. Visual inspection of CSPs to ensure the absence of particulate matter in solutions, the absence of leakage from vials and
bags, and the accuracy and thoroughness of labeling.

MEDIA-FILL TEST PROCEDURE

This test or an equivalent test is performed at least annually by each person authorized to compound in a low-risk level
environment under conditions that closely simulate the most challenging or stressful conditions encountered during
compounding of low-risk level CSPs. Once begun, this test is completed without interruption. Example of test procedure: within
an ISO Class 5 (see Table 1) air quality environment, three sets of four 5-mL aliquots of sterile Soybean—Casein Digest Medium
(also known as trypticase soy broth or trypticase soy agar [TSA]) are transferred with the same sterile 10-mL syringe and vented
needle combination into separate sealed, empty, sterile 30-mL clear vials (i.e., four 5-mL aliquots into each of three 30-mL vials).
Sterile adhesive seals are aseptically affixed to the rubber closures on the three filled vials, then the vials are incubated at 20°
to 25° or at 30° to 35° for a minimum of 14 days. If two temperatures are used for incubation of media-filled samples, then
these filled containers should be incubated for at least 7 days at each temperature (see Microbiological Control and Monitoring
of Aseptic Processing Environments (1116)). Inspect for microbial growth over 14 days as described in Personnel Training and
Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures.

Medium-Risk Level CSPs

When CSPs are compounded aseptically under Low-Risk Conditions and one or m  of the following conditions exists, such
CSPs are at a medium risk of contamination.

MEDIUM-RISK CONDITION

1. Multiple individual or small doses of sterile products are combined or poo ed t prepare a CSP that will be administered
either to multiple patients or to one patient on multiple occasions

2. The compounding process includes complex aseptic manipul ions  er than the single-volume transfer.

3. The compounding process requires unusually long duratio , such as th t required to complete dissolution or
homogeneous mixing.

4. For amedium-risk preparation, in the absence  pass gas lity st(see Sterility Tests(71)), the storage periods cannot
exceed the following time periods: before ad inistra the CSPs are properly stored and are exposed for not more
than 30 hours at controlled room temper ure e Pack ng and Storage Requirements (659)), for not more than 9 days
at a cold temperature (see Packaging an  torage quirem ts(659)), and for 45 days in solid frozen state between —25°
and -10°.

E ES OF MEDIUM-RISK COMPOUNDING

1. Compounding of total paren  al nutritio fluids using manual or automated devices during which there are multiple
injections, detachments, and  tachments f nutrient source products to the device or machine to deliver all nutritional
components to a final sterile ¢ ainer.

2. Filling of reservoirs of injection an ion devices with more than three sterile drug products and evacuation of air
from those reservoirs before the filled device is dispensed.

3. Transfer of volumes from multiple ampuls or vials into one or more final sterile containers.

QUALITY ASSURANCE

Quality assurance procedures for medium-risk level CSPs include all those for low-risk level CSPs, as well as a more challenging
media-fill test passed annually or more frequently.

MEDIA-FILL TEST PROCEDURE

This test or an equivalent test is performed at least annually under conditions that closely simulate the most challenging or
stressful conditions encountered during compounding. Once begun, this test is completed without interruption. Example of
test procedure: within an ISO Class 5 (see Table 1) air quality environment, six 100-mL aliquots of sterile Soybean—Casein Digest
Medium are aseptically transferred by gravity through separate tubing sets into separate evacuated sterile containers. The six
containers are then arranged as three pairs, and a sterile 10-mL syringe and 18-gauge needle combination is used to exchange
two 5-mL aliquots of medium from one container to the other container in the pair. For example, after a 5-mL aliquot from the
first container is added to the second container in the pair, the second container is agitated for 10 seconds, then a 5-mL aliquot
is removed and returned to the first container in the pair. The first container is then agitated for 10 seconds, and the next 5-mL
aliquot is transferred from it back to the second container in the pair. Following the two 5-mL aliquot exchanges in each pair
of containers, a 5-mL aliquot of medium from each container is aseptically injected into a sealed, empty, sterile 10-mL clear
vial, using a sterile 10-mL syringe and vented needle. Sterile adhesive seals are aseptically affixed to the rubber closures on the
three filled vials, then the vials are incubated at 20° to 25° or at 30° to 35° for a minimum of 14 days. If two temperatures are
used for incubation of media-filled samples, then these filled containers should be incubated for at least 7 days at each
temperature (see Microbiological Control and Monitoring of Aseptic Processing Environments (1116)). Inspect for microbial growth
over 14 days as described in Personnel Training and Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/
Disinfection Procedures.
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High-Risk Level CSPs
CSPs compounded under any of the following conditions are either contaminated or at a high risk to become contaminated.

HIGH-RISK CONDITIONS

1. Nonsterile ingredients, including manufactured products not intended for sterile routes of administration (e.g., oral), are
incorporated or a nonsterile device is employed before terminal sterilization.
2. Any of the following are exposed to air quality worse than ISO Class 5 (see Table T) for more than 1 hour (see
Immediate-Use CSPs):
e sterile contents of commercially manufactured products,
e CSPs that lack effective antimicrobial preservatives, and
* sterile surfaces of devices and containers for the preparation, transfer, sterilization, and packaging of CSPs.
3. Compounding personnel are improperly garbed and gloved (see Personnel Cleansing and Use of Barrier Protective
Equipment).
Nonsterile water-containing preparations are stored for more than 6 hours before being sterilized.
It is assumed, and not verified by examination of labeling and documentation from suppliers or by direct determination,
that the chemical purity and content strength of ingredients meet their orig | or compendial specifications in unopened
or in opened packages of bulk ingredients (see Ingredient Selection under Pha  aceutical Compounding—Nonsterile
Preparations (795)).

For a sterilized high-risk level preparation, in the absence of passing a sterili t, the orage periods cannot exceed the
following time periods: before administration, the CSPs are properly storeda da  xposed for not more than 24 hours at
controlled room temperature (see Packaging and Storage Requiremen (659)), fo no  ore than 3 days at a cold temperature
(see Packaging and Storage Requirements (659)), and for 45 days in solid frozen ate between —25° and -10°.

[NoTe—Sterility tests for autoclaved CSPs are not required unless they prep ed in batches of more than 25 units.]

All nonsterile measuring, mixing, and purifying devices are rinse horou ly with sterile, pyrogen-free water, and then
thoroughly drained or dried immediately before use for high-risk compounding. All high-risk level CSP solutions subjected to
terminal sterilization are prefiltered by passing through a filter w h a no  nal pore size not larger than 1.2 pm preceding or
during filling into their final containers to remove par iculat ma Ste lization of high-risk level CSPs by filtration shall be
performed with a sterile 0.2-um or 0.22-ym nomin pores filter  irely within an ISO Class 5 (see Table 1) or superior air
quality environment.

v

EXAM S OF GH-RISK CONDITIONS

—_

Dissolving nonsterile bulk drug a trient p wders to make solutions that will be terminally sterilized.

2. Exposing the sterile ingredien  and com onen used to prepare and package CSPs to room air quality worse than ISO
Class 5 (see Table 1) for mor han 1 hou see Immediate-Use CSPs).

3. Measuring and mixing sterile  gredients =~ nonsterile devices before sterilization is performed.

4. Assuming, without appropriate idence  direct determination, that packages of bulk ingredients contain at least 95%

by weight of their active chemica ty and have not been contaminated or adulterated between uses.

QUALITY ASSURANCE

Quality assurance procedures for high-risk level CSPs include all those for low-risk level CSPs. In addition, a media-fill test
that represents high-risk level compounding is performed semiannually by each person authorized to compound high-risk
level CSPs.

MEDIA-FILL TEST PROCEDURE FOR CSPS STERILIZED BY FILTRATION

This test or an equivalent test is performed under conditions that closely simulate the most challenging or stressful conditions
encountered when compounding high-risk level CSPs. Once begun, this test is completed without interruption. Example of test
procedure (in the following sequence):

1. Dissolve 3 g of nonsterile commercially available Soybean—Casein Digest Medium in 100 mL of nonbacteriostatic water

to make a 3% nonsterile solution.

2. Draw 25 mL of the medium into each of three 30-mL sterile syringes. Transfer 5 mL from each syringe into separate
sterile 10-mL vials. These vials are the positive controls to generate exponential microbial growth, which is indicated by
visible turbidity upon incubation.

3. Under aseptic conditions and using aseptic techniques, affix a sterile 0.2-um or 0.22-um nominal pore size filter unit
and a 20-gauge needle to each syringe. Inject the next 10 mL from each syringe into three separate 10-mL sterile vials.
Repeat the process for three more vials. Label all vials, affix sterile adhesive seals to the closure of the nine vials, and
incubate them at 20° to 25° or at 30° to 35° for a minimum of 14 days. If two temperatures are used for incubation of
media-filled samples, then these filled containers should be incubated for at least 7 days at each temperature (see
Microbiological Control and Monitoring of Aseptic Processing Environments (1116)). Inspect for microbial growth over
14 days as described in Personnel Training and Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/
Disinfection Procedures.
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PERSONNEL TRAINING AND EVALUATION IN ASEPTIC MANIPULATION SKILLS

Personnel who prepare CSPs shall be trained conscientiously and skillfully by expert personnel and through audio-video
instructional sources and professional publications in the theoretical principles and practical skills of aseptic manipulations and
in achieving and maintaining ISO Class 5 (see Table 1) environmental conditions before they begin to prepare CSPs.
Compounding personnel shall perform didactic review and pass written and media-fill testing of aseptic manipulative skills
initially, at least annually thereafter for low- and medium-risk level compounding, and semiannually for high-risk level
compounding. Compounding personnel who fail written tests or whose media-fill test vials result in gross microbial colonization
shall be immediately re-instructed and re-evaluated by expert compounding personnel to ensure correction of all aseptic
practice deficiencies.

Media-Fill Challenge Testing

The skill of personnel to aseptically prepare CSPs may be evaluated using sterile fluid bacterial culture media-fill verification'
(i.e., sterile bacterial culture medium transfer via a sterile syringe and needle). Media-fill testing is used to assess the quality of
the aseptic skill of compounding personnel. Media-fill tests represent the most challenging or stressful conditions actually
encountered by the personnel being evaluated when they prepare particular risk level CSPs and when sterilizing high-risk level
CSPs. Media-fill challenge tests that simulate high-risk level compounding are als used to verify the capability of the
compounding environment and process to produce a sterile preparation.

Commercially available sterile fluid culture media, such as Soybean—Casein Digest  dium (see Sterility Tests (71)), shall be
able to promote exponential colonization of bacteria that are most likely to be t nsmi  d to CSPs from the compounding
personnel and environment. Media-filled vials are generally incubated at 20°° 25 rat3 to 35°for a minimum of 14 days.
If two temperatures are used for incubation of media-filled samples, then the fill d tainers should be incubated for at least
7 days at each temperature (see Microbiological Control and Monitoring of Asepti Proc ssing Environments (1116)). Failure is
indicated by visible turbidity in the medium on or before 14 days.

IMMEDIATE USE CSPS

The immediate-use provision is intended only for oses ation h e thereis a need for emergency or immediate patient
administration of a CSP. Such situations may includ  a diop monary resuscitation, emergency room treatment, preparation
of diagnostic agents, or critical therapy where t e pre ration  he CSP under conditions described for Low-Risk Level CSPs
subjects the patient to additional risk due to de ys nthe py. Immediate-use CSPs are not intended for storage for anticipated
needs or batch compounding. Preparations tha e medi  risk level and high-risk level CSPs shall not be prepared as
immediate-use CSPs.

Immediate-use CSPs are exempt fr  th  quirem nts described for Low-Risk Level CSPs only when all of the following
criteria are met:

1. The compounding processin Ivessimple ansfer of not more than three commercially manufactured packages of sterile

nonhazardous products or dia  ostic radi = harmaceutical products from the manufacturers’ original containers and not

more than two entries into any con ner or package (e.g., bag, vial) of sterile infusion solution or administration
container/device. For example, anti  oplastics shall not be prepared as immediate-use CSPs because they are hazardous
drugs.

2. Unless required for the preparation, the compounding procedure is a continuous process not to exceed 1 hour.

3. During preparation, aseptic technique is followed and, if not immediately administered, the finished CSP is under
continuous supervision to minimize the potential for contact with nonsterile surfaces, introduction of particulate matter
or biological fluids, mix-ups with other CSPs, and direct contact of outside surfaces.

4. Administration begins not later than 1 hour following the start of the preparation of the CSP.

5. Unless immediately and completely administered by the person who prepared it or immediate and complete
administration is witnessed by the preparer, the CSP shall bear a label listing patient identification information, the names
and amounts of all ingredients, the name or initials of the person who prepared the CSP, and the exact 1-hour BUD
and time.

6. If administration has not begun within 1 hour following the start of preparing the CSP, the CSP shall be promptly,
properly, and safely discarded.

Compounding in worse than ISO Class 5 (see Table T) conditions increases the likelihood of microbial contamination, and

administration durations of microbially contaminated CSPs exceeding a few hours increase the potential for clinically significant
microbial colonization and thus for patient harm, especially in critically ill or immunocompromised patients.

SINGLE-DOSE AND MULTIPLE-DOSE CONTAINERS

Opened or needle-punctured single-dose containers, such as bags, bottles, syringes, and vials of sterile products and CSPs
shall be used within 1 hour if opened in worse than ISO Class 5 (see Table 1) air quality (see Immediate-Use CSPs), and any
remaining contents must be discarded. Single-dose vials exposed to ISO Class 5 (see Table 1) or cleaner air may be used up to
6 hours after initial needle puncture. Opened single-dose ampuls shall not be stored for any time period. Multiple-dose
containers (e.g., vials) are formulated for removal of portions on multiple occasions because they usually contain antimicrobial

1U.S. Food and Drug Administration, Guidance for Industry, Sterile Drug Products Produced by Aseptic Processing—Current Good Manufacturing Practice,
September 2004.
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preservatives. The BUD after initially entering or opening (e.g., needle-punctured) multiple-dose containers is 28 days (see
Antimicrobial Effectiveness Testing (51)) unless otherwise specified by the manufacturer.

HAZARDOUS DRUGS AS CSPS

Although the potential therapeutic benefits of compounded sterile hazardous drug preparations generally outweigh the risks
of their adverse effects in ill patients, exposed healthcare workers risk similar adverse effects with no therapeutic benefit.
Occupational exposure to hazardous drugs can result in (1) acute effects, such as skin rashes; (2) chronic effects, including
adverse reproductive events; and (3) possibly cancer (see Appendix A of NIOSH Publication no. 2004-165).

Hazardous drugs shall be prepared for administration only under conditions that protect the healthcare workers and other
personnel in the preparation and storage areas. Hazardous drugs shall be stored separately from other inventory in a manner
to prevent contamination and personnel exposure. Many hazardous drugs have sufficient vapor pressures that allow
volatilization at room temperature; thus storage is preferably within a containment area such as a negative pressure room. The
storage area should have sufficient general exhaust ventilation, at least 12 air changes per hour (ACPH)? to dilute and remove
any airborne contaminants.

Hazardous drugs shall be handled with caution at all times using appropriate chemotherapy gloves during receiving,
distribution, stocking, inventorying, preparation for administration, and disposal. Hazardous drugs shall be prepared in an ISO
Class 5 (see Table T) environment with protective engineering controls in place an following aseptic practices specified for the
appropriate contamination risk levels defined in this chapter. Access shall be limite o areas where drugs are stored and
prepared to protect persons not involved in drug preparation.

All hazardous drugs shall be prepared in a BSC? or a CACI that meets or exceeds the  ndards for CACl in this chapter. The
ISO Class 5 (see Table 1) BSC or CACI shall be placed in an ISO Class 7 (see T le area atis physically separated (i.e., a
different area from other preparation areas) and optimally has not less than 01 nc water column negative pressure to
adjacent positive pressure 1ISO Class 7 (see Table T) or better ante-areas, thus pr viding inward airflow to contain any airborne
drug. A pressure indicator shall be installed that can be readily monitor  for co room pressurization. The BSC and CACI
optimally should be 100% vented to the outside air through HEPA filtratio

If a CACI that meets the requirements of this chapteris used ou ideofab  rarea, the compounding area shall maintain a
minimum negative pressure of 0.01-inch water column and hav a minimum of 12 ACPHs.

When closed-system vial-transfer devices (CSTDs) (i.e vial-tra fer sys ms that allow no venting or exposure of hazardous
substance to the environment) are used, they shall b used ithin | Class 5 (see Table 1) environment of a BSC or CACI.
The use of a CSTD is preferred because of their inhe ntclos  system process. In facilities that prepare a low volume of
hazardous drugs, the use of two tiers of containment ( CSTD ithin a BSC or CACl that is located in a non-negative pressure
room) is acceptable.

Appropriate personnel protective equipment  E) shal worn when compounding in a BSC or CACI and when using
CSTD devices. PPE should include gowns face mas  eye protection, hair covers, shoe covers or dedicated shoes, double
gloving with sterile chemo-type glove and  mplia  with manufacturers’ recommendations when using a CACI.

All personnel who compound ha ' dous dr  shall be fully trained in the storage, handling, and disposal of these drugs.
This training shall occur prior to pre  ring or ha  ling hazardous CSPs, and its effectiveness shall be verified by testing specific
hazardous drugs preparation techni es. Such v  fication shall be documented for each person at least annually. This training
shall include didactic overview of haza ous dr s, including mutagenic, teratogenic, and carcinogenic properties, and it shall
include ongoing training for each new h ous drug that enters the marketplace. Compounding personnel of reproductive
capability shall confirm in writing that they understand the risks of handling hazardous drugs. The training shall include at least
the following: (1) safe aseptic manipulation practices; (2) negative pressure techniques when utilizing a BSC or CACI; (3) correct
use of CSTD devices; (4) containment, cleanup, and disposal procedures for breakages and spills; and (5) treatment of personnel
contact and inhalation exposure.

[NoTe—Because standards of assay and unacceptable quantities of contamination of each drug have not been established in the
literature, the following paragraph is a recommendation only. Future standards will be adopted as these assay methods are developed
and proven.]

In order to ensure containment, especially in operations preparing large volumes of hazardous drugs, environmental
sampling to detect uncontained hazardous drugs should be performed routinely (e.g., initially as a benchmark and at least
every 6 months or more often as needed to verify containment). This sampling should include surface wipe sampling of the
working area of BSCs and CACls; counter tops where finished preparations are placed; areas adjacent to BSCs and CACls,
including the floor directly under the working area; and patient administration areas. Common marker hazardous drugs that
can be assayed include cyclophosphamide, ifosfamide, methotrexate, and fluorouracil. If any measurable contamination
(cyclophosphamide levels greater than 1.00 ng per cm? have been found to cause human uptake) is found by any of these
quality assurance procedures, practitioners shall make the decision to identify, document, and contain the cause of
contamination. Such action may include retraining, thorough cleaning (utilizing high-pH soap and water), and improving
engineering controls. Examples of improving engineering controls are (1) venting BSCs or CACls 100% to the outside, (2)
implementing a CSTD, or (3) re-assessing types of BSCs or CACls.

Disposal of all hazardous drug wastes shall comply with all applicable federal and state regulations. All personnel who perform
routine custodial waste removal and cleaning activities in storage and preparation areas for hazardous drugs shall be trained in
appropriate procedures to protect themselves and prevent contamination.

2 Guidelines for Environmental Infection Control in Health-Care Facilities, Recommendations of CDC and the Healthcare Infection Control Practices
Advisory Committee (HICPAC), MMWR, vol. 52, no. RR-10, June 6, 2003, figure 3, pg. 12.
3 NSF/ANSI 49.
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RADIOPHARMACEUTICALS AS CSPs

In the case of production of radiopharmaceuticals for positron emission tomography (PET), general test chapter Positron
Emission Tomography Drugs for Compounding, Investigational, and Research Uses (823) supersedes this chapter. Upon release of a
PET radiopharmaceutical as a finished drug product from a production facility, the further handling, manipulation, or use of
the product will be considered compounding, and the content of this section and chapter is applicable.

For the purposes of this chapter, radiopharmaceuticals compounded from sterile components in closed sterile containers
and with a volume of 100 mL or less for a single-dose injection or not more than 30 mL taken from a multiple-dose container
(see Packaging and Storage Requirements (659)) shall be designated as, and conform to, the standards for Low-Risk Level CSPs.

These radiopharmaceuticals shall be compounded using appropriately shielded vials and syringes in a properly functioning
and certified ISO Class 5 (see Table 1) PEC located in an ISO Class 8 (see Table T) or cleaner air environment to permit compliance
with special handling, shielding, and negative air flow requirements.

Radiopharmaceutical vials designed for multi-use, compounded with technetium-99m, exposed to ISO Class 5 (see Table
1) environment, and punctured by needles with no direct contact contamination may be used up to the time indicated by
manufacturers’ recommendations. Storage and transport of properly shielded vials of radiopharmaceutical CSPs may occur in a
limited access ambient environment without a specific ISO class designation.

Technetium-99m/molybdenum-99 generator systems shall be stored and eluted (operated) under conditions recommended
by manufacturers and applicable state and federal regulations. Such generator systems shall be eluted in an I1SO Class 8 (see
Table 1) or cleaner air environment to permit special handling, shielding, and air fl  requirements. To limit acute and chronic
radiation exposure of inspecting personnel to a level that is as low as reasonably ach  ble (ALARA), direct visual inspection of
radiopharmaceutical CSPs containing high concentrations of doses of radioactivity sha e conducted in accordance with
ALARA.

Radiopharmaceuticals prepared as Low-Risk Level CSPs with 12-Hour or Les BUD's |l be prepared in a segregated
compounding area. A line of demarcation defining the segregated ¢ mpoundin are hall be established. Materials and garb
exposed in a patient care and treatment area shall not cross a line of d  arcat n in o the segregated compounding area.

ALLERGEN EXTR CTS AS SPs

Allergen extracts as CSPs are single-dose and mult le-dose in  derm or subcutaneous injections that are prepared by
specially trained physicians and personnel under th  direc  pervis n. Allergen extracts as CSPs are not subject to the
personnel, environmental, and storage requirem nts  all CS Microbial Contamination Risk Levels in this chapter only when
all of the following criteria are met:

1. The compounding process involves simpl nsferv  terile needles and syringes of commercial sterile allergen products
and appropriate sterile added substances (e glycer n, phenol in sodium chloride injection).

2. All allergen extracts as CSPs sha o appr riate substances in effective concentrations to prevent the growth of
microorganisms. Nonpreserve allergen  tracts hall comply with the appropriate CSP risk level requirements in the
chapter.

3. Before beginning compound  activities = ersonnel perform a thorough hand-cleansing procedure by removing debris
from under fingernails using an  clean under running warm water followed by vigorous hand and arm washing to
the elbows for at least 30 seconds either nonantimicrobial or antimicrobial soap and water.

4. Compounding personnel don hair covers, facial hair covers, gowns, and face masks.

5. Compounding personnel perform antiseptic hand cleansing with an alcohol-based surgical hand scrub with persistent
activity.

6. Compounding personnel don powder-free sterile gloves that are compatible with sterile 70% isopropyl alcohol (IPA)
before beginning compounding manipulations.

7. Compounding personnel disinfect their gloves intermittently with sterile 70% IPA when preparing multiple allergen
extracts as CSPs.

8. Ampul necks and vial stoppers on packages of manufactured sterile ingredients are disinfected by careful wiping with
sterile 70% IPA swabs to ensure that the critical sites are wet for at least 10 seconds and allowed to dry before they are
used to compound allergen extracts as CSPs.

9. The aseptic compounding manipulations minimize direct contact contamination (e.g., from glove fingertips, blood, nasal
and oral secretions, shed skin and cosmetics, other nonsterile materials) of critical sites (e.g., needles, opened ampuls,
vial stoppers).

10. The label of each multiple-dose vial (MDV) of allergen extracts as CSPs lists the name of one specific patient and a BUD
and storage temperature range that is assigned based on manufacturers’ recommendations or peer-reviewed
publications.

11. Single-dose allergen extracts as CSPs shall not be stored for subsequent additional use.

Personnel who compound allergen extracts as CSPs must be aware of greater potential risk of microbial and foreign material
contamination when allergen extracts as CSPs are compounded in compliance with the foregoing criteria instead of the more
rigorous standards in this chapter for CSP Microbial Contamination Risk Levels. Although contaminated allergen extracts as CSPs
can pose health risks to patients when they are injected intradermally or subcutaneously, these risks are substantially greater if
the extract is inadvertently injected intravenously.
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VERIFICATION OF COMPOUNDING ACCURACY AND STERILITY

The compounding procedures and sterilization methods for CSPs correspond to correctly designed and verified written
documentation in the compounding facility. Verification requires planned testing, monitoring, and documentation to
demonstrate adherence to environmental quality requirements, personnel practices, and procedures critical to achieving and
maintaining sterility, accuracy, and purity of finished CSPs. For example, sterility testing (see Test for Sterility of the Product To
Be Examined under Sterility Tests (71)) may be applied to specimens of low- and medium-risk level CSPs, and standard
self-contained biological indicators (BI) shall be added to nondispensable specimens of high-risk level CSPs before terminal
sterilization for subsequent evaluation to determine whether the sterilization cycle was adequate (see Biological Indicators for
Sterilization (1229.5)). Packaged and labeled CSPs shall be visually inspected for physical integrity and expected appearance,
including final fill amount. The accuracy of identities, concentrations, amounts, and purities of ingredients in CSPs shall be
confirmed by reviewing labels on packages, observing and documenting correct measurements with approved and correctly
standardized devices, and reviewing information in labeling and certificates of analysis provided by suppliers. When the correct
identity, purity, strength, and sterility of ingredients and components of CSPs cannot be confirmed (in cases of, for example,
unlabeled syringes, opened ampuls, punctured stoppers of vials and bags, containers of ingredients with incomplete labeling),
such ingredients and components shall be discarded immediately.

Some individual ingredients, such as bulk drug substances, are not labeled with expiration dates when they are stable
indefinitely in their commercial packages under their labeled storage conditions. However, despite retaining full chemical
stability, such ingredients may gain or lose moisture during storage and use. Chan s in moisture content may require testing
(see Loss on Drying (731)) to determine the correct amount to weigh for accurate co ent of active chemical moieties in CSPs
(see Pharmaceutical Calculations in Pharmacy Practice (1160y).

Although not required, a quantitative stability-indicating chemical assay is r mend d to ensure compounding accuracy
of CSPs, especially those that contain drug ingredients with a narrow therap utic ma concentration range.

Sterilization Meth ds

The licensed healthcare professionals who supervise compoun ng shall b  esponsible for determining that the selected
sterilization method (see Methods of Sterilization under Sterility A urance 1211)) both sterilizes and maintains the strength,
purity, quality, and packaging integrity of CSPs. The sele ted ste zation rocess is obtained from experience and appropriate
information sources (e.g., see Sterility Assurance (121 ))—a  pref b , verified wherever possible—to achieve sterility in the
particular CSPs. General guidelines for matching CS a d co ponents to appropriate sterilization methods include the
following:

1. CSPs have been ascertained to remain p  si ally a d chemically stable when subjected to the selected sterilization

method.

2. Glass and metal devices may be d tigh  with aluminum foil, then exposed to dry heat in an oven at a mean
temperature of 250° for 30 m utes to  hieve  rility and depyrogenation (see Dry-Heat Sterilization under Sterility
Assurance (1211) and Bacteria Endotoxins est (85)). Such items are either used immediately or stored until use in an
environment suitable for com ounding Lo -Risk Level CSPs and Medium-Risk Level CSPs.

3. Personnel ascertain from appr riate info mation sources that the sterile microporous membrane filter used to sterilize
CSP solutions, during either com g or administration, is chemically and physically compatible with the CSP.

STERILIZATION OF HIGH-RISK LEVEL CSPS BY FILTRATION

Commercially available sterile filters shall be approved for human-use applications in sterilizing pharmaceutical fluids. Sterile
filters used to sterilize CSPs shall be pyrogen free and have a nominal pore size of 0.2 or 0.22 ym. They shall be certified by the
manufacturer to retain at least 107 microorganisms of a strain of Brevundimonas (Pseudomonas) diminuta on each square
centimeter of upstream filter surface area under conditions similar to those in which the CSPs will be sterilized (see High-Risk
Conditions in High-Risk Level CSPs).

The compounding supervisor shall ensure, directly or from appropriate documentation, that the filters are chemically and
physically stable at the pressure and temperature conditions to be used, that they have enough capacity to filter the required
volumes, and that they will achieve sterility and maintain prefiltration pharmaceutical quality, including strength of ingredients
of the specific CSP. The filter dimensions and liquid material to be sterile-filtered shall permit the sterilization process to be
completed rapidly, without the replacement of the filter during the process. When CSPs are known to contain excessive
particulate matter, a prefilter of larger nominal pore size membrane is placed upstream from the sterilizing filter to remove gross
particulate contaminants in order to maximize the efficiency of the sterilizing filter.

Filter units used to sterilize CSPs shall also be subjected to manufacturers’ recommended integrity test, such as the bubble
point test.

Compounding personnel shall ascertain that selected filters will achieve sterilization of the particular CSPs being sterilized.
Large deviations from usual or expected chemical and physical properties of CSPs (e.g., water-miscible alcohols) may cause
undetectable damage to filter integrity and shrinkage of microorganisms to sizes smaller than filter nominal pore size.

STERILIZATION OF HIGH-RISK LEVEL CSPS BY STEAM
The process of thermal sterilization employing saturated steam under pressure, or autoclaving, is the preferred method to
terminally sterilize aqueous preparations that have been verified to maintain their full chemical and physical stability under the

conditions employed (see Steam Sterilization under Sterility Assurance (1211)). To achieve sterility, all materials are to be exposed
to steam at 121° under a pressure of about 1 atmosphere or 15 psi for the duration verified by testing to achieve sterility of the
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items, which is usually 20 to 60 minutes for CSPs. An allowance shall be made for the time required for the material to reach
121° before the sterilization exposure duration is timed.

Not directly exposing items to pressurized steam may result in survival of microbial organisms and spores. Before their
sterilization, plastic, glass, and metal devices are tightly wrapped in low-particle-shedding paper or fabrics or sealed in envelopes
that prevent poststerilization microbial penetration. Immediately before filling ampuls and vials that will be steam sterilized,
solutions are passed through a filter having a nominal pore size not larger than 1.2 pm for removal of particulate matter. Sealed
containers shall be able to generate steam internally; thus, stoppered and crimped empty vials shall contain a small amount of
moisture to generate steam.

The description of steam sterilization conditions and duration for specific CSPs shall be included in written documentation
in the compounding facility. The effectiveness of steam sterilization shall be verified using appropriate Bls of Bacillus
stearothermophilus (see Biological Indicators for Sterilization (1229.5)) and other confirmation methods such as
temperature-sensing devices (see Sterility Assurance (1211) and Sterility Tests (71)).

STERILIZATION OF HIGH-RISK LEVEL CSPS BY DRY HEAT

Dry heat sterilization is usually done as a batch process in an oven designed for sterilization. Heated filtered air shall be evenly
distributed throughout the chamber by a blower device. The oven should be equipped with a system for controlling temperature
and exposure period. Sterilization by dry heat requires higher temperatures and longer exposure times than does sterilization
by steam. Dry heat shall be used only for those materials that cannot be sterilized by steam, when either the moisture would
damage the material or the material is impermeable. During sterilization, sufficients  ce shall be left between materials to allow
for good circulation of the hot air. The description of dry heat sterilization conditions  d duration for specific CSPs shall be
included in written documentation in the compounding facility. The effectiveness of dry  at sterilization shall be verified using
appropriate Bls of Bacillus subtilis (see Biological Indicators for Sterilization (122 ' 5)) nd ot r confirmation methods such as
temperature-sensing devices (see Sterility Assurance (1211) and Sterility Tests 71)) [ Te—Dry heat sterilization may be
performed at a lower temperature than may be effective for depyrogenation] .

Depyrogenation by Dry Heat

Dry heat depyrogenation shall be used to render glas ware o ontain s such as vials free from pyrogens as well as viable
microbes. A typical cycle would be 30 minutes at 250° The desc  tion o the dry heat depyrogenation cycle and duration for
specific load items shall be included in written docu enta in th mpounding facility. The effectiveness of the dry heat
depyrogenation cycle shall be verified using endotox alleng vials (ECVs). The bacterial endotoxin test should be performed
on the ECVs to verify that the cycle is capable  ach g a 3-l reduction in endotoxin (see Sterility Assurance (1211) and
Bacterial Endotoxins Test (85)).

ENVR MEN AL QUALITY AND CONTROL

Achieving and maintaining steril  and overa reedom from contamination of a CSP is dependent on the quality status of
the components incorporated, the p  ess utiliz ~, personnel performance, and the environmental conditions under which the
process is performed. The standardsre  red  the environmental conditions depend on the amount of exposure of the CSP
to the immediate environment anticipated uring processing. The quality and control of environmental conditions for each risk
level of operation are explained in this section. In addition, operations using nonsterile components require the use of a method
of preparation designed to produce a sterile preparation.

Exposure of Critical Sites

Maintaining the sterility and cleanliness (i.e., freedom from sterile foreign materials) of critical sites is a primary safeguard for
CSPs. Critical sites are locations that include any component or fluid pathway surfaces (e.g., vial septa, injection ports, beakers)
or openings (e.g., opened ampuls, needle hubs) exposed and at risk of direct contact with air (e.g., ambient room or HEPA
filtered), moisture (e.g., oral and mucosal secretions), or touch contamination. The risk of, or potential for, critical sites to be
contaminated with microorganisms and foreign matter increases with increasing exposed area of the critical sites, the density
or concentration of contaminants, and exposure duration to worse than ISO Class 5 (see Table 1) air. Examples include an
opened ampul or vial stopper on a 10-mL or larger vial or an injection port on a package of intravenous solution having an area
larger than the point of a needle or the tip of a syringe.

The nature of a critical site also affects the risk of contamination. The relatively rough, permeable surface of an elastomeric
closure retains microorganisms and other contaminants after swabbing with a sterile 70% IPA pad more readily than does the
smoother glass surface of the neck of an ampul. Therefore, the surface disinfection can be expected to be more effective for an
ampul.

Protection of critical sites by precluding physical contact and airborne contamination shall be given the highest priority in
sterile compounding practice. Airborne contaminants, especially those generated by sterile compounding personnel, are much
more likely to reach critical sites than are contaminants that are adhering to the floor or other surfaces below the work level.
Furthermore, large and high-density particles that are generated and introduced by compounding manipulations and personnel
have the potential to settle on critical sites even when those critical sites are exposed within ISO Class 5 (see Table 1) air.
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ISO Class 5 Air Sources, Buffer Areas, and Ante-Areas

The most common sources of ISO Class 5 (see Table 1) air quality for exposure of critical sites are horizontal and vertical
LAFWs, CAls, and CACls. A clean room (see Microbiological Control and Monitoring of Aseptic Processing Environments (1116)) is a
compounding environment that is supplied with HEPA or HEPA-filtered air that meets ISO Class 7 (see Table 1), the access to
which is limited to personnel trained and authorized to perform sterile compounding and facility cleaning. A buffer area is an
area that provides at least ISO Class 7 (see Table 1) air quality.

Figure 1 is a conceptual representation of the placement of an ISO Class 5 (see Table 1) PEC in a segregated compounding
area used for low-risk level CSPs with 12-hour or less BUD. This plan depicts the most critical operation area located within the
PEC in a designated area (see definition of Segregated Compounding Area) separated from activities not essential to the
preparation of CSPs. Placement of devices (e.g., computers, printers) and objects (e.g., carts, cabinets) that are not essential to
compounding in the segregated area should be restricted or limited, depending on their effect on air quality in the I1SO Class
5 (see Table T) PEC.

Conceptual representation of USP
Chapter <797> facility requirements

Segregated
Compounding Area

o g b R

SO Class 5 PEC

d

4
o

Figure 1. Conceptual representation of the placement of an ISO Class 5 PEC in a segregated compounding area used for
low-risk level CSPs with 12-hour or less BUD.

Figure 2 is a conceptual representation of the arrangement of a facility for preparation of CSPs categorized as low-, medium-,
and high-risk level. The quality of the environmental air increases with movement from the outer boundary to the direct
compounding area (DCA). Placement of devices in ante-areas and buffer areas is dictated by their effect on the designated
environmental quality of atmospheres and surfaces, which shall be verified by monitoring (see Viable and Nonviable
Environmental Sampling (ES) Testing). It is the responsibility of each compounding facility to ensure that each source of ISO Class

https://online.uspnf.com/uspnf/document/1_GUID-A4CAAA8B-6F02-4AB8-8628-09E102CBD703_6_en-US 12/43


Jim
Rectangle


13

5 (see Table T) environment for exposure of critical sites and sterilization by filtration is properly located, operated, maintained,
monitored, and verified.

Conceptual representation of USP
Chapter <797> facility requirements

Ante area
ISO Class 8 or 7

Buffer area
ISO Class 7

ISO Class
5 PEC

Figure 2. Conceptual representation of the arrangement of a facility for preparation of CSPs categorized as low-, medium-,
and high-risk level.

Placement of devices (e.g., computers, printers) and objects (e.g., carts, cabinets) that are not essential to compounding in
buffer areas is dictated by their effect on the required environmental quality of air atmospheres and surfaces, which shall be
verified by monitoring (see Viable and Nonviable Environmental Sampling (ES) Testing). It is the responsibility of each
compounding facility to ensure that each source of ISO Class 5 (see Table T) environment for exposure of critical sites and
sterilization by filtration is properly located, operated, maintained, monitored, and verified.

Facility Design and Environmental Controls

Compounding facilities are physically designed and environmentally controlled to minimize airborne contamination from
contacting critical sites. These facilities shall also provide a comfortable and well-lighted working environment, which typically
includes a temperature of 20° or cooler, to maintain comfortable conditions for compounding personnel to perform flawlessly
when attired in the required aseptic compounding garb. PECs typically include, but are not limited to, LAFWSs, BSCs, CAls, and
CACls, which provide an ISO Class 5 (see Table 1) environment for the exposure of critical sites. PECs shall maintain ISO Class
5 (see Table T) or better conditions for 0.5-um particles (dynamic operating conditions) while compounding CSPs. Secondary
engineering controls such as buffer areas and ante-areas generally serve as a core for the location of the PEC. Buffer areas are
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designed to maintain at least ISO Class 7 (see Table 1) conditions for 0.5-um particles under dynamic conditions and ISO Class
8 (see Table T) conditions for 0.5-um and larger particles under dynamic conditions for the ante-areas. Airborne contamination
control is achieved in the PEC through the use of HEPA filters. The airflow in the PEC shall be unidirectional (laminar flow), and
because of the particle collection efficiency of the filter, the “first air” at the face of the filter is, for the purposes of aseptic
compounding, free from airborne particulate contamination. HEPA-filtered air shall be supplied in critical areas (ISO Class 5,
see Table T) at a velocity sufficient to sweep particles away from the compounding area and maintain unidirectional airflow
during operations. Proper design and control prevents turbulence and stagnant air in the critical area. In situ air pattern analysis
via smoke studies shall be conducted at the critical area to demonstrate unidirectional airflow and sweeping action over and
away from the product under dynamic conditions.

The principles of HEPA-filtered unidirectional airflow in the work environment shall be understood and practiced in the
compounding process in order to achieve the desired environmental conditions. Policies and procedures for maintaining and
working within the PEC area shall be written and followed. The policies and procedures will be determined by the scope and
risk levels of the aseptic compounding activities utilized during the preparation of the CSPs. The CSP work environment is
designed to have the cleanest work surfaces (PEC) located in a buffer area. The buffer area shall maintain at least ISO Class 7
(see Table 1) conditions for 0.5-um and larger particles under dynamic operating conditions. The room shall be segregated
from surrounding, unclassified spaces to reduce the risk of contaminants being blown, dragged, or otherwise introduced into
the filtered unidirectional airflow environment, and this segregation shall be continuously monitored. For rooms providing a
physical separation through the use of walls, doors, and pass-throughs, a minimum differential positive pressure of 0.02- to
0.05-inch water column is required. For buffer areas not physically separated from he ante-areas, the principle of displacement
airflow shall be employed. This concept utilizes a low pressure differential, high air  w principle. Using displacement airflow
typically requires an air velocity of 40 ft per minute or more from the buffer area across  line of demarcation into the ante-area.

The displacement concept shall not be used for high-risk compounding.* The PEC s | be placed within a buffer area in
such a manner as to avoid conditions that could adversely affect their operati n. F xamp e, strong air currents from opened
doors, personnel traffic, or air streams from the HVAC systems can disr ptthe nid ec nal airflow in open-faced workbenches.
The operators may also create disruptions in airflow by their own movements a d by the placement of objects onto the work
surface. The PEC shall be placed out of the traffic flow and in a manner  avoid di uption from the HVAC system and room
cross-drafts. Room air exchanges are typically expressed as ACPHs. Adequ  HEPA-filtered airflow supplied to the buffer area
and ante-area is required to maintain cleanliness classification duri g operatio | activity through the number of ACPHs. Factors
that should be considered when determining air-change require ents in lude number of personnel working in the room and
compounding processes that generate particulates, asw Il aste  eratu effects. An ISO Class 7 (see Table T) buffer area and
ante-area supplied with HEPA-filtered air shall receive nAC  of no han 30. The PEC is a good augmentation to generating
air changes in the air supply of an area but cannot  th so  ource of HEPA-filtered air. If the area has an I1SO Class 5 (see
Table 1) recirculating device, aminimum of 15A PHs  ought areasupply HEPA filters is adequate, providing the combined
ACPH is not less than 30. More air changesm  bereq  d, depending on the number of personnel and processes.
HEPA-filtered supply air shall be introduced at th  eiling,  d returns should be mounted low on the wall, creating a general
top-down dilution of area air with HEPA-filtered m  up air Ceiling-mounted returns are not recommended. All HEPA filters
should be efficiency tested using them stpe  rating rticle size and should be leak tested at the factory and then leak tested
again in situ after installation.>

Activities and tasks carried outwi  nthe buffe rea shall be limited to only those necessary when working within a controlled
environment. Only the furniture, eq  ment, su lies, and other material required for the compounding activities to be
performed shall be brought into thea  and ey shall be nonpermeable, nonshedding, cleanable, and resistant to
disinfectants. Whenever such items are br  ght into the area, they shall first be cleaned and disinfected. Whenever possible,
equipment and other items used in the buffer area shall not be taken out of the area except for calibration, servicing, or other
activities associated with the proper maintenance of the item.

The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in the buffer area shall be smooth, impervious,
free from cracks and crevices, and nonshedding, thereby promoting cleanability and minimizing spaces in which
microorganisms and other contaminants may accumulate. The surfaces shall be resistant to damage by disinfectant agents.
Junctures of ceilings to walls shall be coved or caulked to avoid cracks and crevices where dirt can accumulate. If ceilings consist
of inlaid panels, the panels shall be impregnated with a polymer to render them impervious and hydrophobic, and they shall
be caulked around each perimeter to seal them to the support frame. Walls may be constructed of flexible material (e.g., heavy
gauge polymer), panels locked together and sealed, or of epoxy-coated gypsum board. Preferably, floors are overlaid with wide
sheet vinyl flooring with heat-welded seams and coving to the sidewall. Dust-collecting overhangs, such as ceiling utility pipes,
and ledges, such as windowsills, should be avoided. The exterior lens surface of ceiling lighting fixtures should be smooth,
mounted flush, and sealed. Any other penetrations through the ceiling or walls shall be sealed. The buffer area shall not contain
sources of water (sinks) or floor drains. Work surfaces shall be constructed of smooth, impervious materials, such as stainless
steel or molded plastic, so that they are easily cleaned and disinfected. Carts should be of stainless steel wire, nonporous plastic,
or sheet metal construction with good quality, cleanable casters to promote mobility. Storage shelving, counters, and cabinets
shall be smooth, impervious, free from cracks and crevices, nonshedding, cleanable, and disinfectable; their number, design,
and manner of installation shall promote effective cleaning and disinfection.

Placement of Primary Engineering Controls

PECs (LAFWs, BSCs, CAls, and CACls) shall be located within a restricted access ISO Class 7 (see Table 1) buffer area (see
Figure 1), with the following CAI/CACI exceptions below:

41SO 14644-4:2001 Cleanrooms and associated controlled environments—Design, construction, and start-up, Case Postale 56, CH-1211 Geneve 20,
Switzerland, tel. +41 22 749 01 11.

5 By definition (IEST RP CC 001.4), HEPA filters are a minimum of 99.97% efficient when tested using 0.3-um thermally generated particles and a
photometer or rated at their most penetrating particle size using a particle counter.
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¢ Only authorized personnel and materials required for compounding and cleaning shall be permitted in the buffer area.
e Presterilization procedures for high-risk level CSPs, such as weighing and mixing, shall be completed in no worse than an
ISO Class 8 (see Table 1) environment.

e PECs shall be located out of traffic patterns and away from room air currents that could disrupt the intended airflow

patterns.

CAls and CACIs shall be placed in an ISO Class 7 (see Table T) buffer area unless they meet all of the following conditions:

¢ The isolator shall provide isolation from the room and maintain ISO Class 5 (see Table 1) during dynamic operating

conditions, including transferring ingredients, components, and devices into and out of the isolator and during preparation
of CSPs.

e Particle counts sampled approximately 6 to 12 inches upstream of the critical exposure site shall maintain ISO Class 5 (see

Table 1) levels during compounding operations.

¢ Not more than 3520 particles (0.5 um and larger) per m3 shall be counted during material transfer, with the particle

counter probe located as near to the transfer door as possible without obstructing the transfer.¢

Itis incumbent on the compounding personnel to obtain documentation from the manufacturer that the CAI/CACI will meet
this standard when located in environments where the background particle counts exceed ISO Class 8 (see Table 1) for 0.5-um
and larger particles. When isolators are used for sterile compounding, the recovery time to achieve I1SO Class 5 (see Table 1) air
quality shall be documented and internal procedures developed to ensure that adequate recovery time is allowed after material
transfer before and during compounding operations.

If the PEC is a CAl or CACI that does not meet the requirements above or is a LAF  or BSC that cannot be located within an
ISO Class 7 (see Table 1) buffer area, then only low-risk level nonhazardous and radio  armaceutical CSPs pursuant to a
physician order for a specific patient may be prepared, and administration of th  CSP s | commence within 12 hours of
preparation or as recommended in the manufacturer’s package insert, which er ess.

Viable and Nonviable Environmental Samp ng (ES) Testing

The ES program should provide information to staff and leadersh  to de onstrate that the PEC is maintaining an
environment within the compounding area that consistently ens res acceptably low viable and nonviable particle levels. The
compounding area includes the ISO Class 5 (see Table 1 PEC ( FWs, B s, CAls, and CACls), buffer areas, ante-areas, and
segregated compounding areas.

Environmental sampling shall occur as part a com rehens = qual y management program and shall occur minimally under
any of the following conditions:

e as part of the commissioning and certific on o n w facilit s and equipment;

¢ following any servicing of facilities and equ ment;

e as part of the re-certification of facilities and e ipmen (i.e., every 6 months);

¢ in response to identified problem with  d pro cts or staff technique; or

* inresponse to issues with CSPs  bserved ¢ mpounding personnel work practices, or patient-related infections (where the

CSP is being considered as a p ential sour  of the infection).

ENVIRO MEN AL NONVIABLE PARTICLE TESTING PROGRAM

A program to sample nonviable airborne particles differs from that for viable particles in that it is intended to directly measure
the performance of the engineering controls used to create the various levels of air cleanliness, for example, ISO Class 5, 7, or
8 (see Table 1).

Engineering Control Performance Verification: PECs (LAFWs, BSCs, CAls, and CACls) and secondary engineering controls
(buffer and ante-areas) are essential components of the overall contamination control strategy for aseptic compounding. As
such, it is imperative that they perform as designed and that the resulting levels of contamination be within acceptable limits.
Certification procedures such as those outlined in Certification Guide for Sterile Compounding Facilities (CAG-003-2006)” shall be
performed by a qualified individual no less than every 6 months and whenever the device or room is relocated or altered or
major service to the facility is performed.

Total Particle Counts: Certification that each ISO classified area, for example, ISO Class 5, 7, and 8 (see Table 1), is within
established guidelines shall be performed no less than every 6 months and whenever the LAFW, BSC, CAl, or CACl is relocated
or the physical structure of the buffer area or ante-area has been altered. Testing shall be performed by qualified operators using
current, state-of-the-art electronic equipment with results of the following:

e |SO Class 5: not more than 3520 particles 0.5 ym and larger size per cubic meter of air for any LAFW, BSC, CAl, and CACI;

e SO Class 7: not more than 352,000 particles of 0.5 pm size and larger per cubic meter of air for any buffer area;

¢ |SO Class 8: not more than 3,520,000 particles or 0.5 pm size and larger per cubic meter of air for any ante-area.

All certification records shall be maintained and reviewed by supervising personnel or other designated employees to ensure
that the controlled environments comply with the proper air cleanliness, room pressures, and ACPHs.

PRESSURE DIFFERENTIAL MONITORING
A pressure gauge or velocity meter shall be installed to monitor the pressure differential or airflow between the buffer area

and the ante-area and between the ante-area and the general environment outside the compounding area. The results shall
be reviewed and documented on a log at least every work shift (minimum frequency shall be at least daily) or by a continuous

6 Sample procedures are detailed in CETA Applications Guide CAG-002-2006-section 2.09.
7 Controlled Environment Testing Association, 1500 Sunday Drive, Ste. 102, Raleigh, NC 27607; www.CETAinternational.org.
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recording device. The pressure between the ISO Class 7 (see Table 1) and the general pharmacy area shall not be less than 5 Pa
(0.02 inch water column). In facilities where low- and medium-risk level CSPs are prepared, differential airflow shall maintain a
minimum velocity of 0.2 meters per second (40 feet per minute) between buffer area and ante-area.

ENVIRONMENTAL VIABLE AIRBORNE PARTICLE TESTING PROGRAM

The risk of contaminating a CSP prepared under low-risk level and mediume-risk level conditions is highly dependent on
proper hand hygiene and garbing practices, compounding personnel aseptic technique, and the presence of surface
contamination, assuming that all work is performed in a certified and properly functioning ISO Class 5 (see Table 1) PEC and
secondary engineering controls, 1SO Class 7 (see Table 1) buffer area, and I1SO Class 8 (see Table 1) ante-area. High-risk level
CSPs pose the greatest threat to patients because compounding personnel are tasked with the requirement of processing
nonsterile components and devices in order to achieve sterility.

A sampling program in conjunction with an observational audit is designed to evaluate the competency of compounding
personnel work practices, allowing for the implementation of corrective actions on an ongoing basis (see Personnel Training and
Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures).

Sampling Plan: An appropriate environmental sampling plan shall be developed for airborne viable particles based on a risk
assessment of compounding activities performed.

Selected sampling sites shall include locations within each I1SO Class 5 (see Table 1) environment and in the ISO Class 7 and
8 (see Table 1) areas and in the segregated compounding areas at greatest risk of ontamination (e.g., work areas near the ISO
Class 5 [see Table 1] environment, counters near doors, pass-through boxes). The  n shall include sample location, method
of collection, frequency of sampling, volume of air sampled, and time of day as relat  to activity in the compounding area
and action levels.

Review of the data generated during a sampling event may detect elevated am ntso  rborne microbial bioburden; such
changes may be indicative of adverse changes within the environment. Itis comm ded that compounding personnel refer
to Microbiological Control and Monitoring of Aseptic Processing Environments (1116 and he CDC’s “Guidelines for Environmental
Infection Control in Healthcare Facilities, 2003” for more information.

Growth Medium: A general microbiological growth medium such as Soyb  n—Casein Digest Medium shall be used to support
the growth of bacteria. Malt extractagar or some other media tha  pports growth of fungi shall be used inhigh-risk level
compounding environments. Media used for surface sampling must be s pplemented with additives to neutralize the effects
of disinfecting agents (e.g., TSA with lecithin and polys bate 8

Viable Air Sampling: Evaluation of airborne microo ganis  using | metric collection methods in the controlled air
environments (LAFWs, CAls, clean room or buffera s nd  e-areas) shall be performed by properly trained individuals for
all compounding risk levels.

Impaction shall be the preferred method of  lumetr ir sampling. Use of settling plates for qualitative air sampling may
not be able to determine adequately the quality ~ airint  controlled environment. The settling of particles by gravity onto
culture plates depends on the particle size and may e influenced by air movement. Consequently, the number of
colony-forming units (cfu) on a settlin pla ay no Iways relate to the concentrations of viable particles in the sampled
environment.

For low-, medium-, and high-risk = vel compo nding, air sampling shall be performed at locations that are prone to
contamination during compounding ctivities a = during other activities such as staging, labeling, gowning, and cleaning.
Locations shall include zones of air bac  ash tu  ulence within LAFW and other areas where air backwash turbulence may enter
the compounding area (doorways, in an und ISO Class 5 [see Table 1] PEC and environments). Consideration should be
given to the overall effect the chosen sampling method will have on the unidirectional airflow within a compounding
environment.

For low-risk level CSPs with 12-hour or less BUD prepared in a PEC (LAFWs, BSCs, CAls) that maintains an I1SO Class 5 (see
Table 1), air sampling shall be performed at locations inside the ISO Class 5 (see Table T) environment and other areas that are
in close proximity to the ISO Class 5 (see Table 1) environment during the certification of the PEC.

Air Sampling Devices: There are a number of manufacturers of electronic air sampling equipment. It is important that
personnel refer to the manufacturer’s recommended procedures when using the equipment to perform volumetric air sampling
procedures. The instructions in the manufacturer’s user’s manual for verification and use of electric air samplers that actively
collect volumes of air for evaluation must be followed. A sufficient volume of air (400 to 1000 liters) shall be tested at each
location in order to maximize sensitivity. The volumetric air sampling devices need to be serviced and calibrated as
recommended by the manufacturer.

It is recommended that compounding personnel also refer to Methodology and Instrumentation for Quantitation of Viable
Airborne Microorganisms under Microbiological Control and Monitoring of Aseptic Processing Environments (1116), which provides
more information on the use of volumetric air samplers and volume of air that should be sampled to detect environmental
bioburden excursions.

Air Sampling Frequency and Process: Air sampling shall be performed at least semiannually (i.e., every 6 months) as part of
the re-certification of facilities and equipment. If compounding occurs in multiple locations within an institution (e.g., main
pharmacy, satellites), environmental sampling is required for each individual compounding area. A sufficient volume of air shall
be sampled and the manufacturer’s guidelines for use of the electronic air sampling equipment followed. Any facility
construction or equipment servicing may require that air sampling be performed during these events.

Incubation Period: At the end of the designated sampling or exposure period for air sampling activities, the microbial growth
media plates are recovered and their covers secured (e.g., taped), and they are inverted and incubated at a temperature and
for a time period conducive to multiplication of microorganisms. TSA should be incubated at 30° to 35° for 48 to 72 hours.
Malt extract agar or other suitable fungal media should be incubated at 26° to 30° for 5 to 7 days. The number of discrete
colonies of microorganisms are counted and reported as cfu and documented on an environmental sampling form. Counts
from air sampling need to be transformed into cfu per cubic meter of air and evaluated for adverse trends.
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Action Levels, Documentation, and Data Evaluation: The value of viable microbial sampling of the air in the compounding
environment is realized when the data are used to identify and correct an unacceptable situation. Sampling data shall be
collected and reviewed on a periodic basis as a means of evaluating the overall control of the compounding environment. If an
activity consistently shows elevated levels of microbial growth, competent microbiology personnel shall be consulted.

Any cfu count that exceeds its respective action level (see Table 2) should prompt a re-evaluation of the adequacy of personnel
work practices, cleaning procedures, operational procedures, and air filtration efficiency within the aseptic compounding
location. An investigation into the source of the contamination shall be conducted. Sources could include HVAC systems,
damaged HEPA filters, and changes in personnel garbing or work practices. The source of the problem shall be eliminated, the
affected area cleaned, and resampling performed.

Counts of cfu are to be used as an approximate measure of the environmental microbial bioburden. Action levels are
determined on the basis of cfu data gathered at each sampling location and trended over time. The numbers in Table 2 should
be used only as guidelines. Regardless of the number of cfu identified in the pharmacy, further corrective actions will be dictated
by the identification of microorganisms recovered (at least the genus level) by an appropriate credentialed laboratory of any
microbial bioburden captured as a cfu using an impaction air sampler. Highly pathogenic microorganisms (e.g., Gram-negative
rods, coagulase positive staphylococcus, molds and yeasts) can be potentially fatal to patients receiving CSPs and must be
immediately remedied, regardless of cfu count, with the assistance of a competent microbiologist, infection control professional,
or industrial hygienist.

Table 2. Recommended Action Levels for Microbial Contamination” f(cfu p cubic meter [1000 liters] of air per plate)

Classification Air Samplef
I1SO Class 5 >1
I1SO Class 7 >10
ISO Class 8 or worse > 100

* Guidance for Industry-Sterile Drug Products Produced by Aseptic Processing-Current Good ufact g Practice-US HHS, FDA September 2004.
Additional Personn | Requirements

Food, drinks, and materials exposed in patientcare ndt tme  re shall not enter ante-areas, buffer areas, or segregated
compounding areas where components and ingred nts of  Ps are present. When compounding activities require the
manipulation of a patient’s blood-derived or oth rbi  gical m erial (e.g., radiolabeling a patient’s or donor’s white blood
cells), the manipulations shall be clearly separ  d from  utine material-handling procedures and equipment used in CSP
preparation activities, and they shall be controll by spec  SOPs in order to avoid any cross-contamination. Packaged
compounding supplies and components suchasn dles, syr nges, tubing sets, and small- and large-volume parenterals, should
be uncartoned and wiped down with -~ is tant  t does not leave a residue (e.g., sterile 70% IPA), when possible in an
ante-area of ISO Class 8 (see Table 1) rquality, efore eing passed into the buffer areas. Personnel hand hygiene and garbing
procedures are also performed in th ante-area, hich may contain a sink that enables hands-free use with a closed system of
soap dispensing to minimize the ris  f extrinsic ontamination. There shall be some demarcation designation that separates
the ante-area from the buffer area. Ad uate pr  ision for performing antiseptic hand cleansing using an alcohol-based surgical
hand scrub with persistent activity follow the donning of sterile gloves should be provided after entry into the buffer area.

Cleaning and Disinfecting the Compounding Area

Environmental contact is a major source of microbial contamination of CSPs. Consequently, scrupulous attention to cleaning
and disinfecting the sterile compounding areas is required to minimize this as a source of CSP contamination.

The cleaning and disinfecting practices and frequencies in this section apply to ISO Class 5 (see Table 1) compounding areas
for exposure of critical sites as well as buffer areas, ante-areas, and segregated compounding areas. Compounding personnel
are responsible for ensuring that the frequency of cleaning is in accordance with the requirements stated in Table 3 and
determining the cleaning and disinfecting products to be used (see Appendix Il). Any organizational or institutional policies
regarding disinfectant selection should be considered by compounding personnel. All cleaning and disinfecting practices and
policies for the compounding of CSPs shall be included in written SOPs and shall be followed by all compounding personnel.

Table 3. Minimum Frequency of Cleaning and Disinfecting Compounding Areas

Site Minimum Frequency
At the beginning of each shift, before each batch, not longer than 30 minutes following the
ISO Class 5 (see Table 1) Primary Engineering Control (e.g., previous surface disinfection when ongoing compounding activities are occurring, after spills,
LAFW, BSC, CAl, CACI) and when surface contamination is known or suspected

Counters and easily cleanable work surfaces Daily

Floors Daily

Walls Monthly

Ceilings Monthly

Storage shelving Monthly
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The selection and use of disinfectants in healthcare facilities is guided by several properties, such as microbicidal activity,
inactivation by organic matter, residue, and shelf life (see Appendix Il). In general, highly toxic disinfectants, such as
glutaraldehyde, are not used on housekeeping surfaces (e.g., floors, countertops). Many disinfectants registered by the EPA are
one-step disinfectants. This means that the disinfectant has been formulated to be effective in the presence of light to moderate
soiling without a pre-cleaning step.

Surfaces in LAFWSs, BSCs, CAls, and CACls, which are intimate to the exposure of critical sites, require disinfecting more
frequently than do housekeeping surfaces such as walls and ceilings. Disinfecting sterile compounding areas shall occur on a
regular basis at the intervals noted in Table 3 when spills occur, when the surfaces are visibly soiled, and when microbial
contamination is known to have been or is suspected of having been introduced into the compounding areas.

When the surface to be disinfected has heavy soiling, a cleaning step is recommended prior to the application of the
disinfectant. Trained compounding personnel are responsible for developing, implementing, and practicing the procedures for
cleaning and disinfecting the DCAs written in the SOPs. Cleaning and disinfecting shall occur before compounding is performed.
Items shall be removed from all areas to be cleaned, and surfaces shall be cleaned by removing loose material and residue from
spills; for example, water-soluble solid residues are removed with sterile water (for injection or irrigation) and low-shedding
wipes. This shall be followed by wiping with a residue-free disinfecting agent such as sterile 70% IPA, which is allowed to dry
before compounding begins.

Cleaning and disinfecting surfaces in the LAFWs, BSCs, CAls, and CACls are the most critical practices before the preparation
of CSPs. Consequently, such surfaces shall be cleaned and disinfected frequently, including at the beginning of each work shift,
before each batch preparation is started, every 30 minutes during continuous compounding periods of individual CSPs, when
there are spills, and when surface contamination is known or suspected from proc ural breaches.

Work surfaces in the ISO Class 7 (see Table 1) buffer areas and I1SO Class 8 (see Ta 1) ante-areas as well as segregated
compounding areas shall be cleaned and disinfected at least daily, and dust and debris Il be removed when necessary from
storage sites for compounding ingredients and supplies using a method that oes ot deg de the ISO Class 7 or 8 (see Table
1) air quality (see Disinfectants and Antiseptics (1072)).

Floors in the buffer or clean area, ante-area, and segregated compoundinga aa cleaned by mopping with a cleaning
and disinfecting agent once daily at a time when no aseptic operationsa in pr . Mopping shall be performed by trained
personnel using approved agents and procedures described in the written OPs. It is incumbent on compounding personnel
to ensure that such cleaning is performed properly. In the buffer  cean are ante-area, and segregated compounding area,
walls, ceilings, and shelving shall be cleaned and disinfected mo hly. Cl aning and disinfecting agents are to be used with
careful consideration of compatibilities, effectiveness, and inapp priate  toxic residues (see Appendix II). Their schedules of
use and methods of application shall be in accordanc with ritten P nd followed by custodial or compounding personnel.

All cleaning materials, such as wipers, sponges, a d mops,  all be nonshedding, preferably composed of synthetic micro
fibers, and dedicated to use in the bufferor clea area  te-area nd segregated compounding areas and shall not be removed
from these areas except for disposal. Floor mo  m y be sed in both the buffer or clean area and ante-area, but only in that
order. Ideally, all cleaning tools are discarded af  one use y collection in suitable plastic bags and removed with minimal
agitation. If cleaning materials (e.g., mops) are reu d procedures shall be developed (based on manufacturers’
recommendations) that ensure that th effe  eness  the cleaning device is maintained and that repeated use does not add
to the bioburden of the area being = aned.

Supplies and equipment remove  rom shipp g cartons shall be wiped with a suitable disinfecting agent (e.g., sterile 70%
IPA) delivered from a spray bottle o her suitab delivery method. After the disinfectant is sprayed or wiped on a surface to
be disinfected, the disinfectant shall be lowed ~ dry, during which time the item shall not be used for compounding purposes.

Wiping with small sterile 70% IPA swa at are commercially available in individual foil-sealed packages (or a comparable
method) is preferred for disinfecting entry points on bags and vials, allowing the IPA to dry before piercing stoppers with sterile
needles and breaking necks of ampuls. The surface of the sterile 70% IPA swabs used for disinfecting entry points of sterile
packages and devices shall not contact any other object before contacting the surface of the entry point. Sterile 70% IPA wetted
gauze pads or other particle-generating material shall not be used to disinfect the sterile entry points of packages and devices.

When sterile supplies are received in sealed pouches designed to keep them sterile until opening, the sterile supplies may be
removed from the covering pouches as the supplies are introduced into the ISO Class 5 (see Table T) PEC (LAFW, BSC, CAl,
CACI) without the need to disinfect the individual sterile supply items. No shipping or other external cartons may be taken into
the buffer or clean area or segregated compounding area.

Personnel Cleansing and Garbing

The careful cleansing of hands and arms and the correct donning of PPE by compounding personnel constitute the first major
step in preventing microbial contamination in CSPs. Personnel shall also be thoroughly competent and highly motivated to
perform flawless aseptic manipulations with ingredients, devices, and components of CSPs. Squamous cells are normally shed
from the human body at a rate of 10% or more per hour, and those skin particles are laden with microorganisms.®° When
individuals are experiencing rashes, sunburn, weeping sores, conjunctivitis, active respiratory infection, as well as when they
wear cosmetics, they shed these particles at even higher rates. Particles shed from compounding personnel pose an increased
risk of microbial contamination of critical sites of CSPs. Therefore, compounding personnel with such conditions as mentioned
above shall be excluded from working in ISO Class 5 (see Table 1) and ISO Class 7 (see Table 1) compounding areas until their
conditions are remedied.

Before entering the buffer area or segregated compounding area (see Low-Risk Level CSPs with 12-Hour or Less BUD),
compounding personnel shall remove personal outer garments (e.g., bandannas, coats, hats, jackets, scarves, sweaters, vests);
all cosmetics, because they shed flakes and particles; and all hand, wrist, and other visible jewelry or piercings (e.g., earrings,
lip or eyebrow piercings) that can interfere with the effectiveness of PPE (e.g., fit of gloves and cuffs of sleeves). The wearing

8 Agalloco |, Akers JE. Aseptic Processing: A Vision of the Future. Pharmaceutical Technology, 2005. Aseptic Processing supplement, s16.
9 Eaton T. Microbial Risk Assessment for Aseptically Prepared Products. Am Pharm Rev. 2005; 8 (5, Sep/Oct): 46-51.
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of artificial nails or extenders is prohibited while working in the sterile compounding environment. Natural nails shall be kept
neat and trimmed.

Personnel shall don the following PPE in an order that proceeds from those activities considered the dirtiest to those
considered the cleanest. Garbing activities considered the dirtiest include donning of dedicated shoes or shoe covers, head and
facial hair covers (e.g., beard covers in addition to face masks), and face masks/eye shields. Eye shields are optional unless
working with irritants such as germicidal disinfecting agents or when preparing hazardous drugs.

After donning dedicated shoes or shoe covers, head and facial hair covers, and face masks, a hand cleansing procedure shall
be performed by removing debris from underneath fingernails using a nail cleaner under running warm water followed by
vigorous hand washing. Hands and forearms shall be washed to the elbows for at least 30 seconds with soap (either
nonantimicrobial or antimicrobial) and water while in the ante-area. The use of antimicrobial scrub brushes is not recommended
because they can cause skin irritation and skin damage. Hands and forearms to the elbows will be completely dried using either
lint-free disposable towels or an electronic hand dryer. After completion of hand washing, a nonshedding gown with sleeves
that fit snugly around the wrists and enclosed at the neck is donned. Gowns designated for buffer area use shall be worn, and
preferably they should be disposable. If reusable gowns are worn, they should be laundered appropriately for buffer area use.

Once inside the buffer area or segregated compounding area (see Low-Risk Level CSPs with 12-Hour or Less BUD), and prior
to donning sterile powder-free gloves, antiseptic hand cleansing shall be performed using a waterless alcohol-based surgical
hand scrub with persistent activity'® following manufacturers’ recommendations. Hands are allowed to dry thoroughly before
donning sterile gloves.

Sterile gloves shall be the last item donned before compounding begins. Glov = become contaminated when they contact
nonsterile surfaces during compounding activities. Disinfection of contaminated glo  d hands may be accomplished by wiping
or rubbing sterile 70% IPA to all contact surface areas of the gloves and letting the g  ed hands dry thoroughly. Only use
gloves that have been tested for compatibility with alcohol disinfection by the ma ufact  r. Routine application of sterile 70%
IPA shall occur throughout the compounding process and whenever nonster  su  ces (e g. vials, counter tops, chairs, carts)
are touched. Gloves on hands shall also be routinely inspected for holes, pu tur s,  tears and replaced immediately if such
are detected. Antiseptic hand cleansing shall be performed as indicated above. om ounding personnel shall be trained and
evaluated in the avoidance of touching critical sites.

When compounding personnel exit the compounding area during a wo  shift, the exterior gown may be removed and
retained in the compounding area if not visibly soiled, to be re-do ned during  at same work shift only. However, shoe covers,
hair and facial hair covers, face masks/eye shields, and gloves sh  be rep aced with new ones before re-entering the
compounding area, and proper hand hygiene shall be p rforme

During high-risk compounding activities that pre de te inal | ation, such as weighing and mixing of nonsterile
ingredients, compounding personnel shall be garbe and glo d the same as when performing compounding in an ISO Class
5 (see Table T) environment. Properly garbed a d glo  d comp nding personnel who are exposed to air quality that is either
known or suspected to be worse than ISO Cla 7 (ee T e T) shall re-garb PPE along with washing their hands properly,
performing antiseptic hand cleansing with awa  ess alco  |-based surgical hand scrub, and donning sterile gloves upon
re-entering the I1SO Class 7 (see Table 1) buffer are  When CAls and CACls are the source of the ISO Class 5 (see Table T)
environment, the garbing and glovin  equi  ents  compounding personnel should be as described above, unless the
isolator manufacturer can provide w ten docu entation based on validated environmental testing that any component(s) of
PPE or personnel cleansing are not quired.

Personnel Training and Comp ency Evaluation of Garbing, Aseptic Work Practices, and Cleaning/
Disinfection Procedures

Personnel who prepare CSPs shall be trained conscientiously and skillfully by expert personnel and through multimedia
instructional sources and professional publications in the theoretical principles and practical skills of garbing procedures, aseptic
work practices, achieving and maintaining ISO Class 5 (see Table 1) environmental conditions, and cleaning and disinfection
procedures. This training shall be completed and documented before any compounding personnel begin to prepare CSPs.
Compounding personnel shall complete didactic training, pass written competence assessments, undergo skill assessment using
observational audit tools, and media-fill testing (see Appendices IlI-V).

Media-fill testing of aseptic work skills shall be performed initially before beginning to prepare CSPs and at least annually
thereafter for low- and medium-risk level compounding and semiannually for high-risk level compounding.

Compounding personnel who fail written tests or observational audits or whose media-fill test vials have one or more units
showing visible microbial contamination shall be re-instructed and re-evaluated by expert compounding personnel to ensure
correction of all aseptic work practice deficiencies. Compounding personnel shall pass all evaluations prior to resuming
compounding of sterile preparations. In addition to didactic evaluation and aseptic media fill, compounding personnel must
demonstrate proficiency of proper hand hygiene, garbing, and consistent cleaning procedures.

In the event that cleaning and disinfecting procedures are also performed by other support personnel (e.g., institutional
environmental services, housekeeping), thorough training of proper hand hygiene, garbing, and cleaning and disinfection
procedures shall be done by a qualified aseptic compounding expert. After completion of training, support personnel shall
routinely undergo performance evaluation of proper hand hygiene, garbing, and all applicable cleaning and disinfecting
procedures conducted by a qualified aseptic compounding expert.

COMPETENCY EVALUATION OF GARBING AND ASEPTIC WORK PRACTICE

The risk of contaminating a CSP prepared under low-risk level and medium-risk level conditions is highly dependent on
proper hand hygiene and garbing practices, compounding personnel aseptic technique, and the presence of surface

10 Guideline for Hand Hygiene in Health care Settings, MMWR, October 25, 2002, vol. 51, No. RR-16 available on the Internet at http://www.cdc.gov/
handhygiene/.
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contamination, assuming that all work is performed in a certified and properly functioning ISO Class 5 (see Table 1) PEC and
secondary engineering controls, 1ISO Class 7 (see Table 1) buffer area, and I1SO Class 8 (see Table 1) ante-area. High-risk level
CSPs pose the greatest threat to patients because compounding personnel are tasked with the requirement of processing
nonsterile components and devices in order to achieve sterility. Compounding personnel shall be evaluated initially prior to
beginning compounding CSPs and whenever an aseptic media fill is performed using a form such as the Sample Form for Assessing
Hand Hygiene and Garbing Related Practices of Compounding Personnel (see Appendix Ill) and the personnel glove fingertip
sampling procedures indicated below.

Aseptic Work Practice Assessment and Evaluation via Personnel Glove Fingertip Sampling: Sampling of compounding
personnel glove fingertips shall be performed for all CSP risk level compounding because direct touch contamination is the
most likely source of introducing microorganisms into CSPs prepared by humans. Glove fingertip sampling shall be used to
evaluate the competency of personnel in performing hand hygiene and garbing procedures in addition to educating
compounding personnel on proper work practices, which include frequent and repeated glove disinfection using sterile 70%
IPA during actual compounding of CSPs. All personnel shall demonstrate competency in proper hand hygiene and garbing
procedures and in aseptic work practices (e.g., disinfection of component surfaces, routine disinfection of gloved hands).

Sterile contact agar plates shall be used to sample the gloved fingertips of compounding personnel after garbing in order to
assess garbing competency and after completing the media-fill preparation (without applying sterile 70% IPA) in order to assess
the adequacy of aseptic work practices prior to being initially allowed to prepare CSPs for human use and for more experienced
personnel to maintain their qualifications to prepare CSPs for human use.

Garbing And Gloving Competency Evaluation: Compounding personnel shall e visually observed during the process of
performing hand hygiene and garbing procedures (see Personnel Cleansing and Gar g under Personnel Training and Evaluation
in Aseptic Manipulation Skills above). The visual observation shall be documented ona ~ m such as the Sample Form for Assessing
Hand Hygiene and Garbing Related Practices of Compounding Personnel (see Appendix II[) a  maintained to provide a permanent
record and long-term assessment of personnel competency.

Gloved Fingertip Sampling: All compounding personnel shall successfully m e  ninitial competency evaluation and
gloved fingertip/thumb sampling procedure (zero cfu) no less than three times efo initially being allowed to compound
CSPs for human use. Immediately after the compounding employee com  etes h nd hygiene and garbing procedure (e.g.,
donning of sterile gloves prior to any disinfection with sterile 70% IPA) th  valuator will collect a gloved fingertip and thumb
sample from both hands of the compounding employee onto ap opriate ag plates by lightly pressing each fingertip into
the agar. The plates will be incubated for the appropriate incuba n period and at the appropriate temperature (see Incubation
Period). After completing the initial gowning and gloving compe ncy ev uation, re-evaluation of all compounding personnel
for this competency shall occur at least annually for erson | who pound low- and medium-risk level CSPs and
semi-annually for personnel who compound high-r  le el C s using one or more sample collections during any media-fill
test procedure before they are allowed to cont uec  poundi  CSPs for human use.

Immediately prior to sampling, gloves shall  t be dis fected with sterile 70% IPA. Disinfecting gloves immediately before
sampling will provide false negative results. Plat  lled wi  nutrient agar with neutralizing agents such as lecithin and
polysorbate 80 added shall be used when samp ing ersonnel fingertips. Personnel shall “touch” the agar with the fingertips
of both hands in separate platesinam nner  create slight impression in the agar. The sampled gloves shall be immediately
discarded and proper hand hygiene erformed ter sampling. The nutrient agar plates shall be incubated as stated below (see
Incubation Period). Results should b eported se rately as number of cfu per employee per hand (left hand, right hand). The
cfu action level for gloved hands wi e based o the total number of cfu on both gloves, not per hand.

Incubation Period: At the end of the  signa d sampling period for compounding personnel competency assessment
activities (surface or personnel), the agar p  es are recovered and covers secured and they are inverted and incubated at a
temperature and for a time period conducive to multiplication of microorganisms. TSA with lecithin and polysorbate 80 shall
be incubated at 30° to 35° for 48 to 72 hours.

Aseptic Manipulation Competency Evaluation: After successful completion of an initial Hand Hygiene and Garbing
Competency Evaluation, all compounding personnel shall have their aseptic technique and related practice competency
evaluated initially during the Media-Fill Test Procedure and subsequent annual or semi-annual Media-Fill Test Procedures. Records
of these evaluations will be maintained using a form such as the Sample Form for Assessing Aseptic Technique and Related Practices
of Compounding Personnel (see Appendix V) and maintained to provide a permanent record of and long-term assessment of
personnel competency.

Media-Fill Test Procedure: The skill of personnel to aseptically prepare CSPs shall be evaluated using sterile fluid bacterial
culture media-fill verification, (i.e., sterile bacterial culture medium transfer via a sterile syringe and needle). Media-fill testing
is used to assess the quality of the aseptic skill of compounding personnel. Media-fill tests shall represent the most challenging
or stressful conditions actually encountered by the personnel being evaluated when they prepare low- and medium-risk level
CSPs and when sterilizing high-risk level CSPs. Media-fill challenge tests are also used to verify the capability of the compounding
environment and processes to produce sterile preparations.

A commercially available sterile fluid culture media, such as Soybean-Casein Digest Medium (see Sterility Tests (71)), that is
able to promote exponential colonization of bacteria that are most likely to be transmitted to CSPs from the compounding
personnel and environment is commonly used. For high-risk level CSPs nonsterile commercially available Soybean—Casein Digest
Medium may be used to make a 3% solution. Normal processing steps, including filter sterilization, shall be mimicked.
Media-filled vials shall be incubated at 20° to 25° or at 30° to 35° for a minimum of 14 days. If two temperatures are used for
incubation of media-filled samples, then these filled containers should be incubated for at least 7 days at each temperature (see
Microbiological Control and Monitoring of Aseptic Processing Environments (1116)). Failure is indicated by visible turbidity in any
one of the media-fill units on or before 14 days. Other methodologies recommended by a competent microbiologist to enhance
recovery time and sensitivity to detect microbial contamination may be considered (see CSP Microbial Contamination Risk
Levels for examples of media-fill procedures).
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SURFACE CLEANING AND DISINFECTION SAMPLING AND ASSESSMENT

Surface sampling is an important component of the maintenance of a suitable microbially controlled environment for
compounding CSPs, especially since transfer of microbial contamination from improperly disinfected work surfaces via
inadvertent touch contact by compounding personnel can be a potential source of contamination into CSPs. It is useful for
evaluating facility and work surface cleaning and disinfecting procedures and employee competency in work practices such as
disinfection of component/vial surface cleaning. Surface sampling shall be performed in all ISO classified areas on a periodic
basis. Sampling can be accomplished using contact plates or swabs, and it shall be done at the conclusion of compounding.
Locations to be sampled shall be defined in a sample plan or on a form. The size of the plate to be used for each sampled
location usually ranges from 24 to 30 cm?. Contact plates are filled with general solid agar growth medium and neutralizing
agents above the rim of the plate, and they are used for sampling regular or flat surfaces. Swabs may be used for sampling
irregular surfaces, especially for equipment (see Microbiological Control and Monitoring of Aseptic Processing Environments (1116)).
Cleaning and Disinfecting Competency Evaluation: Compounding personnel and other personnel responsible for cleaning
shall be visually observed during the process of performing cleaning and disinfecting procedures, during initial personnel
training on cleaning procedures, during changes in cleaning staff, and at the completion of any media-fill test procedure (see
Cleaning and Disinfecting of Compounding Areas).

The visual observation shall be documented using a form such as the Sample Form for Assessing Cleaning and Disinfection
Procedures (see Appendix V) and maintained to provide a permanent record and long-term assessment of personnel competency.
Surface Collection Methods—To sample surfaces using a contact plate, gently t uch the sample area with the agar surface
and roll the plate across the surface to be sampled. The contact plate will leave a g wth media residue behind; therefore,
immediately after sampling with the contact plate, the sampled area shall be thorough wiped with a nonshedding wipe soaked
in sterile 70% IPA.

If an area is sampled via the swab method, collection of the sample is proc sse y usi g appropriate procedures that will
result in the surface location equivalent to that of a contact plate. Aft r swab ng h urface to be sampled, swabs are placed
in an appropriate diluent; an aliquot is planted on or in the specified nutrient a r. R sults should be reported as cfu per unit
of surface area.

Action Levels, Documentati n, and D ta Evaluation

The value of viable microbial monitoring of gloved fingertipsan  urfac  of components and the compounding environment
are realized when the data are used to identify and orrect  unacc ptable work practice. Sampling data shall be collected
and reviewed on a routine basis as a means of evalu g the  rall control of the compounding environment. If an activity
consistently shows elevated levels of microbial row , mpete microbiology personnel shall be consulted.

Any cfu count that exceeds its respective actio | el (se Table 4) should prompt a re-evaluation of the adequacy of personnel
work practices, cleaning procedures, operationa p cedure and air filtration efficiency within the aseptic compounding
location. An investigation into the sour he con mination shall be conducted. Sources could include HVAC systems,
damaged HEPA filters, and changes i person  garb  or working practices. The source of the problem shall be eliminated,
the affected area cleaned, and resa pling perfo med.

When gloved fingertip sample re Its exceed tion levels after proper incubation, a review of hand hygiene and garbing
procedures as well as glove and surfa  disinfec = n procedures and work practices shall be performed and documented.
Employee training may be required to he source of the problem.

Counts of cfu are to be used as an approximate measure of the environmental microbial bioburden. Action levels are
determined on the basis of cfu data gathered at each sampling location and trended over time. The numbers in Table 4 should
be used only as guidelines. Regardless of the number of cfu identified in the compounding facility, further corrective actions
will be dictated by the identification of microorganisms recovered (at least the genus level) by an appropriate credentialed
laboratory of any microbial bioburden captured as a cfu using an impaction air sampler. Highly pathogenic microorganisms
(e.g., Gram-negative rods, coagulase positive staphylococcus, molds and yeasts) can be potentially fatal to patients receiving
CSPs and shall be immediately remedied, regardless of cfu count, with the assistance of a competent microbiologist, infection
control professional, or industrial hygienist.

Table 4. Recommended Action Levels for Microbial Contamination”

Surface Sample (Contact Plate)
Classification Fingertip Sample (cfu per plate)
I1SO Class 5 >3 >3
ISO Class 7 N/A >5
ISO Class 8 or worse N/A > 100

* Pharmaceutical Inspection Co-operation Scheme (PIC/S) Guide to Good Manufacturing Practice for Medicinal Products Annexes PE 009-6, 5 April 2007.

SUGGESTED STANDARD OPERATING PROCEDURES (SOPS)

The compounding facility shall have written, properly approved SOPs designed to ensure the quality of the environment in
which a CSP is prepared. The following procedures are recommended:
1. Access to the buffer area is restricted to qualified personnel with specific responsibilities or assigned tasks in the
compounding area.
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2. All cartoned supplies are decontaminated in the area by removing them from shipping cartons and wiping or spraying
them with a nonresidue-generating disinfecting agent while they are being transferred to a clean and properly disinfected
cart or other conveyance for introduction into the buffer area. Manufacturers’ directions or published data for minimum
contact time will be followed. Individual pouched sterile supplies need not be wiped because the pouches can be removed
as these sterile supplies are introduced into the buffer area.

3. Supplies that are required frequently or otherwise needed close at hand but not necessarily needed for the scheduled
operations of the shift are decontaminated and stored on shelving in the ante-area.

4. Carts used to bring supplies from the storeroom cannot be rolled beyond the demarcation line in the ante-area, and carts
used in the buffer area cannot be rolled outward beyond the demarcation line unless cleaned and disinfected before
returning.

5. Generally, supplies required for the scheduled operations of the shift are wiped down with an appropriate disinfecting
agent and brought into the buffer area, preferably on one or more movable carts. Supplies that are required for back-up
or general support of operations may be stored on the designated shelving in the buffer area, but excessive amounts of
supplies are to be avoided.

6. Nonessential objects that shed particles shall not be brought into the buffer area, including pencils, cardboard cartons,
paper towels, and cotton items (e.g., gauze pads).

7. Essential paper-related products (e.g., paper syringe overwraps, work records contained in a protective sleeve) shall be
wiped down with an appropriate disinfecting agent prior to being brought into the buffer area.

8. Traffic flow in and out of the buffer area shall be minimized.

9. Personnel preparing to enter the buffer area shall remove all personal outer ga  ents, cosmetics (because they shed
flakes and particles), and all hand, wrist, and other visible jewelry or pierc gs tha an interfere with the effectiveness
of PPE.

10. Personnel entering the ante-area shall don attire as described  Perso nel lea ing and Garbing and Personnel Training
and Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning Disi  fection Procedures.

11. Personnel shall then thoroughly wash hands and forearms to thee  ww  oap and water for at least 30 seconds. An
air dryer or disposable nonshedding towels are used to dry h  ds an forearms after washing.

12. Personnel entering the buffer area shall perform antiseptich nd cleansing prior to donning sterile gloves using a waterless
alcohol-based surgical hand scrub with persistent = ctivity

13. Chewing gum, drinks, candy, or food items sh I not e br  ht to the buffer area or ante-area. Materials exposed in
patient care and treatment areas shall never  introd ed into areas where components and ingredients for CSPs are
present.

14. At the beginning of each compounding ctivity s  ion, and whenever liquids are spilled, the surfaces of the direct
compounding environment are first clean  with U Purified Water to remove water-soluble residues. Immediately
thereafter, the same surfaces are disinfected  th a nonresidue-generating agent using a nonlinting wipe.

15. Primary engineering controls sh | be rated  ntinuously during compounding activity. When the blower is turned
off and before other personn ~ enter to p form ompounding activities, only one person shall enter the buffer area for
the purposes of turningont  blower (fo t least 30 minutes) and disinfecting the work surfaces.

16. Traffic in the area of the DCA  minimize = and controlled.

17. Supplies used in the DCA for the  nn  procedures are accumulated and then decontaminated by wiping or spraying
the outer surface with sterile 70% IPA or removing the outer wrap at the edge of the DCA as the item is introduced into
the aseptic work area.

18. All supply items are arranged in the DCA so as to reduce clutter and provide maximum efficiency and order for the flow
of work.

19. After proper introduction into the DCA of supply items required for and limited to the assigned operations, they are so
arranged that a clear, uninterrupted path of HEPA-filtered air will bathe all critical sites at all times during the planned
procedures. That is, no objects may be placed between the first air from HEPA filters and an exposed critical site.

20. All procedures are performed in a manner designed to minimize the risk of touch contamination. Gloves are disinfected
with adequate frequency with an approved disinfectant such as sterile 70% IPA.

21. All rubber stoppers of vials and bottles and the necks of ampuls are disinfected by wiping with sterile 70% IPA and waiting
for at least 10 seconds before they are used to prepare CSPs.

22. After the preparation of every CSP, the contents of the container are thoroughly mixed and then inspected for the
presence of particulate matter, evidence of incompatibility, or other defects.

23. After procedures are completed, used syringes, bottles, vials, and other supplies are removed, but with a minimum of
exit and re-entry into the DCA so as to minimize the risk of introducing contamination into the aseptic workspace.

ELEMENTS OF QUALITY CONTROL

A written description of specific training and performance evaluation program for individuals involved in the use of aseptic
techniques for the preparation of sterile products shall be developed for each site. This program equips personnel with the
appropriate knowledge and trains them in the required skills necessary to perform the assigned tasks. Each person assigned to
the aseptic area in the preparation of sterile products shall successfully complete specialized training in aseptic techniques and
aseptic area practices prior to preparing CSPs (see Personnel Training and Evaluation in Aseptic Manipulation Skills and Personnel
Training and Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures).
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Ingredients and Devices

Compounding personnel ascertain that ingredients for CSPs are of the correct identity and appropriate quality using the
following information: vendor labels, labeling, certificates of analysis, direct chemical analysis, and knowledge of compounding
facility storage conditions.

STERILE INGREDIENTS AND DEVICES

Commercially available sterile drug products, sterile ready-to-use containers, and devices are examples of sterile
components. A written procedure for unit-by-unit physical inspection preparatory to use is followed to ensure that these
components are sterile, free from defects, and otherwise suitable for their intended use.

NONSTERILE INGREDIENTS AND DEVICES

If any nonsterile components, including containers and ingredients, are used to make a CSP, such CSPs must be high risk.
Nonsterile active ingredients and added substances or excipients for CSPs should preferably be official USP or NF articles. When
nonofficial ingredients are used, they shall be accompanied by certificates of analysis from their suppliers to aid compounding
personnel in judging the identity, quality, and purity in relation to the intended use in a particular CSP. Physical inspection of a
package of ingredients is necessary in order to detect breaks in the container, loo ness in the cap or closure, and deviation
from the expected appearance, aroma, and texture of the contents.

Bulk or unformulated drug substances and added substances or excipients shall be  red in tightly closed containers under
temperature, humidity, and lighting conditions that are either indicated in offic mono aphs or approved by suppliers. The
date of receipt by the compounding facility shall be clearly and indelibly ma ed o each package of ingredient. After receipt
by the compounding facility, packages of ingredients that lack a sup lier’s e pira ion ate cannot be used after 1 year unless
either appropriate inspection or testing indicates that the ingredient has retaine its urity and quality for use in CSPs.

Careful consideration and evaluation of nonsterile ingredient sources  spec warranted when the CSP will be
administered into the vascular system, central nervous system, or eyes

Upon receipt of each lot of the bulk drug substance or excipien used for C s, the individual compounding the preparation
performs a visual inspection of the lot for evidence of deteriorat n, othe types of unacceptable quality, and wrong
identification. For bulk drug substances or excipients, visual inspec onisp formed on aroutine basis as described in the written
protocol.

quipm nt

Itis necessary that equipment, apparatus, andd cesuse o compound a CSP be consistently capable of operating properly
and within acceptable tolerance limits proc ures outlining required equipment calibration, annual maintenance,
monitoring for proper function, and = ntrolled ocedu s for use of the equipment and specified time frames for these activities
are established and followed. Routin maintenan  and frequencies shall be outlined in these SOPs. Results from the equipment
calibration, annual maintenance rep ts, and rou ne maintenance are kept on file for the lifetime of the equipment. Personnel
are prepared through an appropriate  mbinat n of specific training and experience to operate or manipulate any piece of
equipment, apparatus, or device they m hen preparing CSPs. Training includes gaining the ability to determine whether
any item of equipment is operating properly or is malfunctioning.

VERIFICATION OF AUTOMATED COMPOUNDING DEVICES (ACDS) FOR PARENTERAL
NUTRITION COMPOUNDING

ACDs for the preparation of parenteral nutrition admixtures are widely used by pharmacists in hospitals and other healthcare
settings. They are designed to streamline the labor-intensive processes involved in the compounding of these
multiple-component formulations by automatically delivering the individual nutritional components in a predetermined
sequence under computerized control. Parenteral nutrition admixtures often contain 20 or more individual additives
representing as many as 50 or more individual components (e.g., 15 to 20 crystalline amino acids, dextrose monohydrate, and
lipids; 10 to 12 electrolyte salts; 5 to 7 trace minerals; and 12 vitamins). Thus, ACDs can provide improved accuracy and precision
of the compounding process over the traditional manual compounding methods.

Accuracy

The accuracy of an ACD can be determined in various ways to ensure that the correct quantities of nutrients, electrolytes, or
other nutritional components are delivered to the final infusion container. Initially, the ACD is tested for its volume and weight
accuracy. For volume accuracy, a suitable volume of Sterile Water for Injection, USP, which represents a typical additive volume
(e.g., 40 mL for small-volume range of 1 to 100 mL, 300 mL for large-volume range of 100 to 1000 mL), is programmed into
the ACD and delivered to the appropriate volumetric container. The compounding personnel should then consult Volumetric
Apparatus (31) for appropriate parameters to assess the volumetric performance of the ACD. For gravimetric accuracy, the
balance used in conjunction with the ACD is tested using various weight sizes that represent the amounts typically used to
deliver the various additives. Compounding personnel should consult Balances (41) for acceptable tolerances of the weights
used. In addition, the same volume of Sterile Water for Injection used to assess volumetric accuracy is then weighed on the
balance used in conjunction with the ACD. For example, if 40 mL of water was used in the volumetric assessment, its
corresponding weight should be about 40 g (assuming the relative density of water is 1.0). In addition, during the use of the
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ACD, certain additives, such as potassium chloride (corrected for density differences), can also be tested in the same manner
as with an in-process test.

Finally, additional tests of accuracy may be employed that determine the content of certain ingredients in the final volume
of the parenteral nutrition admixture. Generally, pharmacy departments do not have the capability to routinely perform
chemical analyses such as analyses of dextrose or electrolyte concentrations. Consequently, hospital or institutional laboratories
may be called upon to perform these quality assurance tests. However, the methods in such laboratories are often designed for
biological, not pharmaceutical, systems. Thus, their testing procedures shall be verified to meet the USP requirements stated
in the individual monograph for the component being tested. For example, under Dextrose Injection, the following is stated: It
contains not less than 95.0% and not more than 105.0% of the labeled amount of C¢H,,0, - H,O. The hospital or institutional
chemistry laboratories must validate their methods to apply to this range and correct for their typical measurement of anhydrous
dextrose versus dextrose monohydrate. Similar ranges and issues exist, for example, for injections of calcium gluconate,
magnesium sulfate, and potassium chloride. The critical point is the use of USP references and possible laboratory procedural
differences.

Precision

The intermediate precision of the ACD can be determined on the basis of the day-to-day variations in performance of the
accuracy measures. Thus, compounding personnel shall keep a daily record of the above-described accuracy assessments and
review the results over time. This review shall occur at least at weekly intervals to avo  potentially clinically significant cumulative
errors over time. This is especially true for additives with a narrow therapeutic index uch as potassium chloride.

FINISHED PREPARATION RELEASE CHECK AND TESTS
The following quality metrics shall be performed for all CSPs before they are  spensed or administered.

Inspection of Solution Dosage Forms and R iew f Compounding Procedures

All CSPs that are intended to be solutions shall be vis  Illy exa ined fo the presence of particulate matter and not
administered or dispensed when such matteris observ d. Th presc tio orders, written compounding procedure, preparation
records, and expended materials used to make CSPs  all con mination risk levels are inspected for accuracy of correct identities
and amounts of ingredients, aseptic mixing and teri  ion, p kaging, labeling, and expected physical appearance before
they are administered or dispensed.

HYSICA INSPECTION

Finished CSPs are individually ins = cted in ~ ordan e with written procedures after compounding. If not distributed
promptly, these CSPs are individua inspected st prior to leaving the storage area. Those CSPs that are not immediately
distributed are stored in an appropr e location  described in the written procedures. Immediately after compounding, and
as a condition of release, each CSP un where p  sible, should be inspected against lighted white or black background or both
for evidence of visible particulates or ot ign matter. Prerelease inspection also includes container—closure integrity and
any other apparent visual defect. CSPs with observed defects should be immediately discarded or marked and segregated from
acceptable products in a manner that prevents their administration. When CSPs are not distributed promptly after preparation, a
predistribution inspection is conducted to ensure that a CSP with defects, such as precipitation, cloudiness, and leakage, which
may develop between the time of release and the time of distribution, is not released.

Compounding Accuracy Checks

Written procedures for double-checking compounding accuracy shall be followed for every CSP during preparation and
immediately prior to release. The double-check system should meet state regulations and include label accuracy and accuracy
of the addition of all drug products or ingredients used to prepare the finished product and their volumes or quantities. The
used additive containers and, for those additives for which the entire container was not expended, the syringes used to measure
the additive should be quarantined with the final products until the final product check is completed. Compounding personnel
shall visually confirm that ingredients measured in syringes match the written order being compounded. Preferably, a person
other than the compounder can verify that correct volumes of correct ingredients were measured to make each CSP. For
example, compounding personnel would pull the syringe plunger back to the volume measured.

When practical, the accuracy of measurements is confirmed by weighing a volume of the measured fluid, then calculating
that volume by dividing the weight by the accurate value of the density, or specific gravity, of the measured fluid. Correct
density or specific gravity values programmed in ACDs, which measure by weight using the quotient of the programmed volume
divided by the density or specific gravity, shall be confirmed to be accurate before and after delivering volumes of the liquids
assigned to each channel or port. These volume accuracy checks and the following additional safety and accuracy checks in
this section shall be included in the SOP manual of the CSP facility.

Sterility Testing

All high-risk level CSPs that are prepared in groups of more than 25 identical individual single-dose packages (e.g., ampuls,
bags, syringes, vials) or in multiple-dose vials (MDVs) for administration to multiple patients or that are exposed longer than
12 hours at 2° to 8° and longer than 6 hours at warmer than 8° before they are sterilized shall meet the sterility test (see Sterility
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Tests (71)) before they are dispensed or administered. The Membrane Filtration method is the method of choice where feasible
(e.g., components are compatible with the membrane). A method not described in the USP may be used if verification results
demonstrate that the alternative is at least as effective and reliable as the USP Membrane Filtration method or the USP Direct
Inoculation of the Culture Medium method where the Membrane Filtration method is not feasible.

When high-risk level CSPs are dispensed before receiving the results of their sterility tests, there shall be a written procedure
requiring daily observation of the incubating test specimens and immediate recall of the dispensed CSPs when there is any
evidence of microbial growth in the test specimens. In addition, the patient and the physician of the patient to whom a
potentially contaminated CSP was administered are notified of the potential risk. Positive sterility test results should prompt a
rapid and systematic investigation of aseptic technique, environmental control, and other sterility assurance controls to identify
sources of contamination and correct problems in the methods or processes.

Bacterial Endotoxin (Pyrogen) Testing

All high-risk level CSPs, except those for inhalation and ophthalmic administration, that are prepared in groups of more than
25 identical individual single-dose packages (e.g., ampuls, bags, syringes, vials) or in MDVs for administration to multiple
patients or that are exposed longer than 12 hours at 2° to 8° and longer than 6 hours at warmer than 8° before they are sterilized
shall be tested to ensure that they do not contain excessive bacterial endotoxins (see Bacterial Endotoxins Test (85) and Pyrogen
Test (151)). In the absence of a bacterial endotoxins limit in the official monograph or other CSP formula source, the CSP shall
not exceed the amount of USP Endotoxin Units (per hour per kilogram of body w ght or square meters of body surface area)
specified in Bacterial Endotoxins Test (85) referenced above for the appropriate rout  f administration.

Identity and Strength Verification of  redi ts

Compounding facilities shall have at least the following written pr cedures fo ver y ng the correct identity and quality of
CSPs before they are dispensed and administered:

1. That labels of CSPs bear correct names and amounts or concentrat s of ingredients, the total volume, the BUD, the
appropriate route(s) of administration, the storage conditio , and ot r information for safe use.

2. That there are correct identities, purities, and amounts of gredie ts by comparing the original written order with the
written compounding record for the CSP.

3. That correct fill volumes in CSPs and correct uantit  of fil its of the CSPs were obtained. When the strength of
finished CSPs cannot be confirmed to be acc t bas  on the above three inspections, the CSPs shall be assayed by
methods that are specific for the active i gred s

STORA E AND BEYOND-USE DATING

BUDs for compounded preparatio areusua assigned on the basis of professional experience, which should include careful
interpretation of appropriate inform ion source or the same or similar formulations (see Stability Criteria and Beyond-Use
Dating under Pharmaceutical Compo  ding—No  terile Preparations (795)). BUDs for CSPs are rarely based on
preparation-specific chemical assay res s wh h are used with the Arrhenius equation to determine expiration dates (see
Labeling (7), Expiration Date and Beyond-U  ate) for manufactured products. The majority of CSPs are aqueous solutions in
which hydrolysis of dissolved ingredients is the most common chemical degradation reaction. The extent of hydrolysis and
other heat-catalyzed degradation reactions at any particular time point in the life of a CSP represents the thermodynamic sum
of exposure temperatures and durations. Such lifetime stability exposure is represented in the mean kinetic temperature
calculation (see Pharmaceutical Calculations in Pharmacy Practice (1160)). Drug hydrolysis rates increase exponentially with
arithmetic temperature increase; thus, exposure of a beta-lactam antibiotic solution for 1 day at controlled room temperature
(see Packaging and Storage Requirements (659)) will have an equivalent effect on the extent of hydrolysis of approximately 3 to
5 days in cold temperatures (see Packaging and Storage Requirements (659)).

Personnel who prepare, dispense, and administer CSPs shall store them strictly in accordance with the conditions stated on
the label of ingredient products and finished CSPs. When CSPs are known to have been exposed to temperatures warmer than
the warmest labeled limit or to temperatures exceeding 40° (see Packaging and Storage Requirements (659)) for more than 4
hours, such CSPs should be discarded unless direct assay data or appropriate documentation confirms their continued stability.

Determining Beyond-Use Dates

BUDs and expiration dates are not the same (see Packaging and Storage Requirements (659)). Expiration dates for the chemical
and physical stability of manufactured sterile products are determined from results of rigorous analytical and performance
testing, and they are specific for a particular formulation in its container and at stated exposure conditions of illumination and
temperature. When CSPs deviate from conditions in the approved labeling of manufactured products contained in CSPs,
compounding personnel may consult the manufacturer of particular products for advice on assigning BUDs based on chemical
and physical stability parameters. BUDs for CSPs that are prepared strictly in accordance with manufacturers’ product labeling
shall be those specified in that labeling or from appropriate literature sources or direct testing. BUDs for CSPs that lack
justification from either appropriate literature sources or by direct testing evidence shall be assigned as described in Stability
Criteria and Beyond-Use Dating under Pharmaceutical Compounding—Nonsterile Preparations (795).

In addition, compounding personnel may refer to applicable publications to obtain relevant stability, compatibility, and
degradation information regarding the drug or its congeners. When assigning a beyond-use date, compounding personnel
should consult and apply drug-specific and general stability documentation and literature where available, and they should
consider the nature of the drug and its degradation mechanism, the container in which it is packaged, the expected storage
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conditions, and the intended duration of therapy (see Labeling (7), Expiration Date and Beyond-Use Date). Stability information
must be carefully interpreted in relation to the actual compounded formulation and conditions for storage and use. Predictions
based on other evidence, such as publications, charts, and tables, would result in theoretical BUDs. Theoretically predicted
beyond-use dating introduces varying degrees of assumptions and, hence, a likelihood of error or at least inaccuracy. The degree
of error or inaccuracy would be dependent on the extent of differences between the CSPs’ characteristics (e.g., composition,
concentration of ingredients, fill volume, container type and material) and the characteristics of the products from which stability
data or information is to be extrapolated. The greater the doubt of the accuracy of theoretically predicted beyond-use dating,
the greater the need to determine dating periods experimentally. Theoretically predicted beyond-use dating periods should be
carefully considered for CSPs prepared from nonsterile bulk active ingredients having therapeutic activity, especially where these
CSPs are expected to be compounded routinely. When CSPs will be distributed to and administered in residential locations
other than healthcare facilities, the effect of potentially uncontrolled and unmonitored temperature conditions shall be
considered when assigning BUDs. It must be ascertained that CSPs will not be exposed to warm temperatures (see Packaging
and Storage Requirements (659)) unless the compounding facility has evidence to justify stability of CSPs during such exposure.

It should be recognized that the truly valid evidence of stability for predicting beyond-use dating can be obtained only
through product-specific experimental studies. Semiquantitative procedures such as thin-layer chromatography (TLC) may be
acceptable for many CSPs. However, quantitative stability-indicating assays such as high-performance liquid chromatographic
(HPLC) assays would be more appropriate for certain CSPs. Examples include CSPs with a narrow therapeutic index, where
close monitoring or dose titration is required to ensure therapeutic effectiveness and to avoid toxicity; where a theoretically
established beyond-use dating period is supported by only marginal evidence; or where a significant margin of safety cannot
be verified for the proposed beyond-use dating period. In short, because beyond-  dating periods established from
product-specific data acquired from the appropriate instrumental analyses are clearly  ore reliable than those predicted
theoretically, the former approach is strongly urged to support dating periods exceedin 30 days.

To ensure consistent practices in determining and assigning BUDs, the compo  ding f ility should have written policies
and procedures governing the determination of the BUDs for all compound pr d s When attempting to predict a
theoretical BUD, a compounded or an admixed preparation should be consider d as a unique system that has physical and
chemical properties and stability characteristics that differ from its comp  ents example, antioxidant, buffering, or
antimicrobial properties of a sterile vial for injection (SVI) might be lost up  its dilution, with the potential of seriously
compromising the chemical stability of the SVI's active ingredien  r the phy  al or microbiological stability of the SVI
formulation in general. Thus, the properties stabilized in the SV ormulation usually cannot be expected to be carried over to
the compounded or admixed preparation. Preparation-s ecific,  perim tally determined stability data evaluation protocols
are preferable to published stability information.

Compounding personnel who assign BUDs to CS = when  king direct chemical assay results must critically interpret and
evaluate the most appropriate available informa ons cesto  ermine a conservative and safe BUD. The SOP manual of the
compounding facility and each specific CSP fo  ulareco shall describe the general basis used to assign the BUD and storage
conditions.

When manufactured MDVs (see Packaging and S rage Requirements (659), Multiple-dose container) of sterile ingredients are
used in CSPs, the stoppers of the MDV are ected r physical integrity and disinfected by wiping with a sterile 70% IPA
swab before each penetration with = terile wi ~ rawal device. When contaminants or abnormal properties are suspected or
observed in MDVs, such MDVs sha e discarde  The BUD after initially entering or opening (e.g., needle puncturing)
multiple-dose containers is 28 days (e Antimicr = ial Effectiveness Testing (51)) unless otherwise specified by the manufacturer.

P oprietary Bag and Vial Systems

The sterility storage and stability beyond-use times for attached and activated (where activated is defined as allowing contact
of the previously separate diluent and drug contents) container pairs of drug products for intravascular administration (e.g.,
ADD-Vantage®, Mini Bag Plus®) shall be applied as indicated by the manufacturer. In other words, follow manufacturers’
instructions for handling and storing ADD-Vantage®, Mini Bag Plus®, Add A Vial®, Add-Ease® products, and any others.

Monitoring Controlled Storage Areas

To ensure that product potency is retained through the manufacturer’s labeled expiration date, compounding personnel
shall monitor the drug storage areas within the compounding facility. Controlled temperature areas in compounding facilities
include controlled room temperature, 20° to 25° with mean kinetic temperature 25°; controlled cold temperature, 2° to 8° with
mean kinetic temperature 8°; cold temperature, 2° to 8°; freezing temperature, —25° and —10° (see Packaging and Storage
Requirements (659)) if needed to achieve freezing, and the media-specific temperature range for microbial culture media. A
controlled temperature area shall be monitored at least once daily and the results documented on a temperature log.
Additionally, compounding personnel shall note the storage temperature when placing the product into or removing the
product from the storage unit in order to monitor any temperature aberrations. Suitable temperature recording devices may
include a calibrated continuous recording device or a National Institute of Standards and Technology (NIST) calibrated
thermometer that has adequate accuracy and sensitivity for the intended purpose, and it shall be properly calibrated at suitable
intervals. If the compounding facility uses a continuous temperature recording device, compounding personnel shall verify at
least once daily that the recording device itself is functioning properly.

The temperature-sensing mechanisms shall be suitably placed in the controlled temperature storage space to reflect
accurately its true temperature. In addition, the compounding facility shall adhere to appropriate procedures of all controlled
storage spaces to ensure that such spaces are not subject to significantly prolonged temperature fluctuations as may occur, for
example, by leaving a refrigerator door open too long.

https://online.uspnf.com/uspnf/document/1_GUID-A4CAAA8B-6F02-4AB8-8628-09E102CBD703_6_en-US 26/43


Jim
Rectangle


27

MAINTAINING STERILITY, PURITY, AND STABILITY OF DISPENSED AND DISTRIBUTED CSPS

This section summarizes the responsibilities of compounding facilities for maintaining quality and control of CSPs that are
dispensed and administered within their parent healthcare organizations.

Compounding personnel shall ensure proper storage and security of CSPs prepared by or dispensed from the compounding
facility until either their BUDs are reached or they are administered to patients. In fulfilling this general responsibility, the
compounding facility is responsible for the proper packaging, handling, transport, and storage of CSPs prepared by or dispensed
from it, including the appropriate education, training, and supervision of compounding personnel assigned to these functions.
The compounding facility should assist in the education and training of noncompounding personnel responsible for carrying
out any aspect of these functions.

Establishing, maintaining, and ensuring compliance with comprehensive written policies and procedures encompassing
these responsibilities is a further responsibility of the compounding facility. Where noncompounding personnel are assigned
tasks involving any of these responsibilities, the policies and procedures encompassing those tasks should be developed by
compounding supervisors. The quality and control activities related to distribution of CSPs are summarized in the following five
subsections. Activities or concerns that should be addressed as the compounding facility fulfills these responsibilities are as
follows.

Packaging, Handling, and Transport

Inappropriate processes or techniques involved with packaging, handling, and tra  ort can adversely affect quality and
package integrity of CSPs. Although compounding personnel routinely perform many o he tasks associated with these
functions, some tasks, such as transport, handling, and placement into storage ma e fulf ed by noncompounding personnel
who are not under the direct administrative control of the compound ng fac y.Und these circumstances, appropriate SOPs
shall be established by the compounding facility with the involvement of other epa ments or services whose personnel are
responsible for carrying out those CSP-related functions for which the ¢ pou facility has a direct interest. The
performance of the noncompounding personnel is monitored for complia  to established policies and procedures.

The critical requirements that are unique to CSPs and that are  cessary to nsure CSP quality and packaging integrity shall
be addressed in SOPs. For example, techniques should be specif d to pre ent the depression of syringe plungers or dislodging
of syringe tips during handling and transport. Additiona y, disco nectio of system components (e.g., where CSPs are
dispensed with administration sets attached to them shall  prev through the BUD of the CSP. Foam padding or inserts
are particularly useful where CSPs are transported b pn um ¢ tube systems. Regardless of the methods used, the
compounding facility must evaluate their effect enes nd the iability of the intended protection. Evaluation should be
continuous—for example, through a surveillan sy tem, cluding a system of problem reporting to the compounding facility.

Inappropriate transport and handling can ad  ely affe  the quality of certain CSPs having unique stability concerns. For
example, the physical shaking that might occur du g pneumatic tube transport or undue exposure to heat or light must be
addressed on a preparation-specificb ~ s. Al ative  nsport modes or special packaging measures might be needed for the
proper assurance of quality of these SPs. The of tamper-evident closures and seals on CSP ports can add an additional
measure of security to ensure prod  integrity ~ ardless of the transport method used.

Chemotoxic and other hazardous SPs requir = afeguards to maintain the integrity of the CSP and to minimize the exposure
potential of these products to the env.  men  nd to personnel who may come in contact with them. Transportation by
pneumatic tube should be discouraged b e of potential breakage and contamination. Special requirements associated with
the packaging, transport, and handling of these agents include the prevention of accidental exposures or spills and the training
of personnel in the event of an exposure or spill. Examples of special requirements of these agents also include
exposure-reducing strategies such as the use of Luer lock syringes and connections, syringe caps, the capping of container
ports, sealed plastic bags, impact-resistant containers, and cautionary labeling.

Use and Storage

The compounding facility is responsible for ensuring that CSPs in the patient-care setting maintain their quality until
administered. The immediate labeling of the CSP container will display prominently and understandably the requirements for
proper storage and expiration dating. Delivery and patient-care-setting personnel shall be properly trained to deliver the CSP
to the appropriate storage location. Outdated and unused CSPs shall be returned to the compounding facility for disposition.

SOPs must exist to ensure that storage conditions in the patient-care setting are suitable for the CSP-specific storage
requirements. Procedures include daily monitoring and documentation of drug storage refrigerators to ensure temperatures
between 2° and 8° and the monthly inspection of all drug storage locations by compounding personnel. Inspections shall
confirm compliance with appropriate storage conditions, separation of drugs and food, proper use of MDVs, and the avoidance
of using single-dose products as MDVs. CSPs, as well as all other drug products, shall be stored in the patient-care area in such a
way as to secure them from unauthorized personnel, visitors, and patients.

Readying for Administration

Procedures essential for generally ensuring quality, especially sterility assurance, when readying a CSP for its subsequent
administration include proper hand washing, aseptic technique, site care, and change of administration sets. Additional
procedures may also be essential for certain CSPs, devices, or techniques. Examples where such special procedures are needed
include in-line filtration, the operation of automated infusion control devices, and the replenishment of CSPs into the reservoirs
of implantable or portable infusion pumps. When CSPs are likely to be exposed to warmer than 30° for more than 1 hour during
their administration to patients, the maintenance of their sterility and stability should be confirmed from either relevant and
reliable sources or direct testing.
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Redispensed CSPs

The compounding facility shall have the sole authority to determine when unopened, returned CSPs may be redispensed.
Returned CSPs may be redispensed only when personnel responsible for sterile compounding can ensure that such CSPs are
sterile, pure, and stable (contain labeled strength of ingredients). The following may provide such assurance: the CSPs were
maintained under continuous refrigeration and protected from light, if required, and no evidence of tampering or any readying
for use outside the compounding facility exists. Assignment of new storage times and BUDs that exceed the original dates for
returned CSPs is permitted only when there is supporting evidence from sterility testing and quantitative assay of ingredients.
Thus, initial preparation and thaw times should be documented and reliable measures should have been taken to prevent and
detect tampering. Compliance with all procedures associated with maintaining product quality is essential. The CSPs shall not
be redispensed if there is not adequate assurance that preparation quality and packaging integrity (including the connections
of devices, where applicable) were continuously maintained between the time the CSPs left and the time they were returned.
Additionally, CSPs shall not be redispensed if redispensing cannot be supported by the originally assigned BUD.

Education and Training

The assurance of CSPs’ quality and packaging integrity is highly dependent on the proper adherence of all personnel to the
pertinent SOPs. Compounding personnel shall design, implement, and maintain a formal education, training, and competency
assessment program that encompasses all the functions and tasks addressed in th  oregoing sections and all personnel to
whom such functions and tasks are assigned. This program includes the assessment an documentation of procedural breaches,
administration mishaps, side effects, allergic reactions, and complications associated w  dosage or administration, such as
extravasation. This program should be coordinated with the institution’s adve ents d incident reporting programs.

Packing and Transporting CSPs

The following sections describe how to maintain sterility and stability of  Ps until they are delivered to patient care locations
for administration.

PACKIN CSPS R TRA SIT

When CSPs are distributed to locations outside th  r mise n which they are compounded, compounding personnel select
packing containers and materials that are expe ed to aintain hysical integrity, sterility, and stability of CSPs during transit.
Packing is selected that simultaneously protec CSPs fro damage, leakage, contamination, and degradation, and protects
personnel who transport packed CSPs from harm he SO manual of the compounding facility specifically describes
appropriate packing containers and insulating and  uffing materials, based on information from product specifications,
vendors, and experience of compoun  gp  nnel. ritten instructions that clearly explain how to safely open containers of
packed CSPs are provided to patien and othe ecipients.

TRANSIT OF CSPS

Compounding facilities that ship CSPs cations outside their own premises shall select modes of transport that are
expected to deliver properly packed CSPs in undamaged, sterile, and stable condition to recipients.

Compounding personnel should ascertain that temperatures of CSPs during transit by the selected mode will not exceed
the warmest temperature specified on the storage temperature range on CSP labels. It is recommended that compounding
personnel communicate directly with the couriers to learn shipping durations and exposure conditions that CSPs may
encounter.

Compounding personnel shall include specific handling and exposure instructions on the exteriors of containers packed with
CSPs to be transported and obtain reasonable assurance of compliance therewith from transporters. Compounding personnel
shall periodically review the delivery performance of couriers to ascertain that CSPs are being efficiently and properly
transported.

Storage in Locations Outside Compounding Facilities

Compounding facilities that ship CSPs to patients and other recipients outside their own premises shall ascertain or provide,
whichever is appropriate, the following assurances:
1. Labels and accessory labeling for CSPs include clearly readable BUDs, storage instructions, and disposal instructions for
out-of-date units.
2. Each patient or other recipient is able to store the CSPs properly, including the use of a properly functioning refrigerator
and freezer if CSPs are labeled for such storage.

PATIENT OR CAREGIVER TRAINING

A formal training program is provided as a means to ensure understanding and compliance with the many special and
complex responsibilities placed on the patient or caregiver for the storage, handling, and administration of CSPs. The
instructional objectives for the training program include all home care responsibilities expected of the patient or caregiver and
is specified in terms of patient or caregiver competencies.
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Upon the conclusion of the training program, the patient or caregiver should, correctly and consistently, be able to do the
following:

1. Describe the therapy involved, including the disease or condition for which the CSPs are prescribed, goals of therapy,

expected therapeutic outcome, and potential side effects of the CSPs.

2. Inspect all drug products, CSPs, devices, equipment, and supplies on receipt to ensure that proper temperatures were
maintained during transport and that goods received show no evidence of deterioration or defects.

3. Handle, store, and monitor all drug products, CSPs, and related supplies and equipment in the home, including all special
requirements related to same.

4. Visually inspect all drug products, CSPs, devices, and other items the patient or caregiver is required to use immediately
prior to administration in a manner to ensure that all items are acceptable for use. For example, CSPs must be free from
leakage, container cracks, particulates, precipitate, haziness, discoloration, or other deviations from the normal expected
appearance, and the immediate packages of sterile devices must be completely sealed, with no evidence of loss of package
integrity.

5. Check labels immediately prior to administration to ensure the right drug, dose, patient, and time of administration.

6. Clean the in-home preparation area, scrub hands, use proper aseptic technique, and manipulate all containers,
equipment, apparatus, devices, and supplies used in conjunction with administration.

7. Employ all techniques and precautions associated with CSP administration; for example, preparing supplies and

equipment, handling of devices, priming the tubing, and discontinuing an nfusion.
Care for catheters, change dressings, and maintain site patency as indicated

9. Monitor for and detect occurrences of therapeutic complications such as infecti  phlebitis, electrolyte imbalance, and
catheter misplacement.

10. Respond immediately to emergency or critical situations such as cath erb  age or displacement, tubing
disconnection, clot formation, flow blockage, and equipment malfunction

11. Know when to seek and how to obtain professional emergency s vices  pr  essional advice.

12. Handle, contain, and dispose of wastes, such as needles, syringes, d  ces, biohazardous spills or residuals, and infectious
substances.

Training programs include a hands-on demonstration and pra ice with actual items that the patient or caregiver is expected
to use, such as CSP containers, devices, and equipment. he patie orca giver practices aseptic and injection technique under
the direct observation of a health professional.

The compounding facility, in conjunction withn  in or  dical personnel, is responsible for ensuring initially and on an
ongoing basis that the patient or caregiver und stan hasma red, and is capable of and willing to comply with all of these
home care responsibilities. This is achieved thr gh afo  al, wri ten assessment program. All specified competencies in the
patient or caregiver training program are formal  ssessed he patient or caregiver is expected to demonstrate to appropriate
healthcare personnel mastery of assigned activities  fore being allowed to administer CSPs unsupervised by a health
professional.

Printed material such as checklist rinstruc ns pro ided during training may serve as continuing post-training
reinforcement of learning or as rem ders of spe ic patient or caregiver responsibilities. Post-training verbal counseling can
also be used periodically, as approp e, to rein ' rce training and to ensure continuing correct and complete fulfillment of
responsibilities.

®

PATIENT MONITORING AND ADVERSE EVENTS REPORTING

Compounding facilities shall clinically monitor patients treated with CSPs according to the regulations and guidelines of their
respective state healthcare practitioner licensure boards or of accepted standards of practice. Compounding facilities shall
provide patients and other recipients of CSPs with a way to address their questions and report any concerns that they may have
with CSPs and their administration devices.

The SOP manuals of compounding facilities shall describe specific instructions for receiving, acknowledging, and dating
receipts, and for recording, or filing, and evaluating reports of adverse events and of the quality of preparation claimed to be
associated with CSPs. Reports of adverse events with CSPs shall be reviewed promptly and thoroughly by compounding
supervisors to correct and prevent future occurrences. Compounding personnel are encouraged to participate in adverse event
reporting and product defects programs of the FDA and USP.

QUALITY ASSURANCE (QA) PROGRAM

A provider of CSPs shall have in place a formal QA program intended to provide a mechanism for monitoring, evaluating,
correcting, and improving the activities and processes described in this chapter. Emphasis in the QA program is placed on
maintaining and improving the quality of systems and the provision of patient care. In addition, the QA program ensures that
any plan aimed at correcting identified problems also includes appropriate follow-up to make certain that effective corrective
actions were performed."

Characteristics of a QA program include the following:

1. Formalization in writing;

11 The use of additional resources, such as the Accreditation Manual for Home Care from the Joint Commission on Accreditation of Healthcare
Organizations, may prove helpful in the development of a QA plan.
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A

Consideration of all aspects of the preparations and dispensing of products as described in this chapter, including

environmental testing and verification results;

oUW

Description of specific monitoring and evaluation activities;

Specification of how results are to be reported and evaluated;
Identification of appropriate follow-up mechanisms when action limits or thresholds are exceeded; and
Delineation of the individuals responsible for each aspect of the QA program.

In developing a specific plan, focus is on establishing objective, measurable indicators for monitoring activities and processes
that are deemed high risk, high volume, or problem prone. In general, the selection of indicators and the effectiveness of the
overall QA program is reassessed on an annual basis.

ACD
ACPH
ALARA
ASHRAE
Bl

BSC
BUD
CACI
CAI
CDC
CETA
cfu
CSsP
CSTD
DCA
ECV
EU
FDA
HEPA
HICPAC
HVAC
IPA
I1SO
LAFW
MDVs
MMWR
NIOSH
NIST
PEC
PET
PPE

psi

QA
Neld
N
TSA
UspP

ABBREVIATIONS AND ACRONYMS

automated compounding device

air changes per hour

as low as reasonably achievable

American Society of Heating, Refrigerating and Air-Conditioning Engin
biological indicator

biological safety cabinet

beyond-use date

compounding aseptic containment isolator
compounding aseptic isolator

Centers for Disease Control and Prevention
Controlled Environment Testing Association
colony-forming unit(s)

compounded sterile preparation

closed-system vial-transfer  vice

direct compounding area

endotoxin challen

Endotoxin Un

Food and Dr  Administratio

high efficiency  ticulate ai

Healthcare Infection ol Practices Advisory Committee
heating, ventilation, and air conditioning
isopropyl alcohol

International Organization for Standardization
laminar airflow workbench

multiple-dose vials

Morbidity and Mortality Weekly Report
National Institute for Occupational Safety and Health
National Institute of Standards and Technology
primary engineering control

positron emission tomography

personnel protective equipment

pounds per square inch

quality assurance

standard operating procedure

sterile vial for injection

trypticase soy agar

United States Pharmacopeia
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GLOSSARY

Ante-Area: An ISO Class 8 (see Table 1) or better area where personnel hand hygiene and garbing procedures, staging of
components, order entry, CSP labeling, and other high-particulate-generating activities are performed. It is also a transition
area that (1) provides assurance that pressure relationships are constantly maintained so that air flows from clean to dirty areas
and (2) reduces the need for the heating, ventilating, and air-conditioning (HVAC) control system to respond to large
disturbances.'?

Aseptic Processing: (see Microbiological Control and Monitoring of Aseptic Processing Environments (1116)) A mode of
processing pharmaceutical and medical products that involves the separate sterilization of the product and of the package
(containers—closures or packaging material for medical devices) and the transfer of the product into the container and its closure
under at least ISO Class 5 (see Table 1) conditions.

Beyond-Use Date (BUD): (see Labeling (7) and Pharmaceutical Compounding—Nonsterile Preparations (795)) For the
purpose of this chapter, the date or time after which a CSP shall not be stored or transported. The date is determined from the
date or time the preparation is compounded.

Biological Safety Cabinet (BSC): A ventilated cabinet for CSPs, personnel, product, and environmental protection having
an open front with inward airflow for personnel protection, downward high-efficiency particulate air (HEPA)-filtered laminar
airflow for product protection, and HEPA-filtered exhausted air for environmental protection.

Buffer Area: An area where the primary engineering control (PEC) is physically located. Activities that occur in this area
include the preparation and staging of components and supplies used when compounding CSPs.

Clean Room: (see Microbiological Control and Monitoring of Aseptic Processing  vironments (1116) and also the definition
of Buffer Area) A room in which the concentration of airborne particles is controlled = meet a specified airborne particulate
cleanliness class. Microorganisms in the environment are monitored so that a microbial el for air, surface, and personnel gear
are not exceeded for a specified cleanliness class.

Compounding Aseptic Containment Isolator (CACI): A compoundng a tic isolator (CAl) designed to provide
worker protection from exposure to undesirable levels of airborne d g thro gh ut compounding and material transfer
processes and to provide an aseptic environment for compounding ste  prep ations. Air exchange with the surrounding
environment should not occur unless the air is first passed through a micr ialre tive filter (HEPA minimum) system capable
of containing airborne concentrations of the physical size and state  the d g being compounded. Where volatile hazardous
drugs are prepared, the exhaust air from the isolator should be ap  opriately re oved by properly designed building ventilation.

Compounding Aseptic Isolator (CAIl): Aform of olato pecifica designed for compounding pharmaceutical
ingredients or preparations. It is designed to maintain an aseptic = mpo nding environment within the isolator throughout
the compounding and material transfer processes. A excha einto isolator from the surrounding environment should not
occur unless the air has first passed through a micro rete  ve filter (HEPA minimum).'3

Critical Area: An ISO Class 5 (see Table 1) nvir nt.

Critical Site: A location that includes any onen r fluid pathway surfaces (e.g., vial septa, injection ports, beakers)
or openings (e.g., opened ampuls, needle hubs) osed a  at risk of direct contact with air (e.g., ambient room or HEPA
filtered), moisture (e.g., oral and muco retions or touch contamination. Risk of microbial particulate contamination of
the critical site increases with the siz = fthe o nings d exposure time.

Direct Compounding Area (D A): Acrit |area within the ISO Class 5 (see Table 7) primary engineering control (PEC)
where critical sites are exposed to u directional EPA-filtered air, also known as first air.

Disinfectant: An agent thatfree om infec on, usually a chemical agent but sometimes a physical one, and that destroys
disease-causing pathogens or other har | roorganisms but may not kill bacterial and fungal spores. It refers to substances
applied to inanimate objects.

First Air: The air exiting the HEPA filter in a unidirectional air stream that is essentially particle free.

Hazardous Drugs: Drugs are classified as hazardous if studies in animals or humans indicate that exposures to them have a
potential for causing cancer, development or reproductive toxicity, or harm to organs. (See current NIOSH publication.)

Labeling: [see Labeling (7) and 21 USC 321 (k) and (m)] A term that designates all labels and other written, printed, or
graphic matter on an immediate container of an article or preparation or on, or in, any package or wrapper in which it is
enclosed, except any outer shipping container. The term “label” designates that part of the labeling on the immediate container.

Media-Fill Test: (see Microbiological Control and Monitoring of Aseptic Processing Environments (1116)) A test used to qualify
aseptic technique of compounding personnel or processes and to ensure that the processes used are able to produce sterile
product without microbial contamination. During this test, a microbiological growth medium such as Soybean—Casein Digest
Medium is substituted for the actual drug product to simulate admixture compounding.’ The issues to consider in the
development of a media-fill test are media-fill procedures, media selection, fill volume, incubation, time and temperature,
inspection of filled units, documentation, interpretation of results, and possible corrective actions required.

Multiple-Dose Container: (see (659)) A multiple-unit container for articles or preparations intended for parenteral
administration only and usually containing antimicrobial preservatives. The beyond-use date (BUD) for an opened or entered
(e.g., needle-punctured) multiple-dose container with antimicrobial preservatives is 28 days (see Antimicrobial Effectiveness
Testing (51)), unless otherwise specified by the manufacturer.

Negative Pressure Room: A room that is at a lower pressure than the adjacent spaces and, therefore, the net flow of air
is into the room.?

Pharmacy Bulk Package: (see (659)) A container of a sterile preparation for parenteral use that contains many single
doses. The contents are intended for use in a pharmacy admixture program and are restricted to the preparation of admixtures
for infusion or, through a sterile transfer device, for the filling of empty sterile syringes. The closure shall be penetrated only
one time after constitution with a suitable sterile transfer device or dispensing set, which allows measured dispensing of the

12 See American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE), Laboratory Design Guide.
13 CETA Applications Guide for the Use of Compounding Isolators in Compounding Sterile Preparations in Healthcare Facilities, CAG-001-2005, Controlled
Environment Testing Association (CETA), November 8, 2005.
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contents. The pharmacy bulk package is to be used only in a suitable work area such as a laminar flow hood (or an equivalent
clean air compounding area).

Where a container is offered as a pharmacy bulk package, the label shall (a) state prominently “Pharmacy Bulk Package—
Not for Direct Infusion,” (b) contain or refer to information on proper techniques to help ensure safe use of the product, and
(c) bear a statement limiting the time frame in which the container may be used once it has been entered, provided it is held
under the labeled storage conditions.

Primary Engineering Control (PEC): A device or room that provides an ISO Class 5 (see Table 1) environment for the
exposure of critical sites when compounding CSPs. Such devices include, but may not be limited to, laminar airflow workbenches
(LAFWs), biological safety cabinets (BSCs), compounding aseptic isolators (CAls), and compounding aseptic containment
isolators (CACIs).

Preparation: A preparation, or a CSP, that is a sterile drug or nutrient compounded in a licensed pharmacy or other
healthcare-related facility pursuant to the order of a licensed prescriber; the article may or may not contain sterile products.

Product: A commercially manufactured sterile drug or nutrient that has been evaluated for safety and efficacy by the FDA.
Products are accompanied by full prescribing information, which is commonly known as the FDA-approved manufacturer’s
labeling or product package insert.

Positive Pressure Room: A room that is at a higher pressure than the adjacent spaces and, therefore, the net airflow is
out of the room.?

Single-Dose Container: (see (659)) A single-dose container is a single-unit container for articles (see General Notices) or
preparations intended for parenteral administration only. It is intended for a singl use. A single-dose container is labeled as
such. Examples of single-dose containers include prefilled syringes, cartridges, fusi  sealed containers, and closure-sealed
containers when so labeled.

Segregated Compounding Area: A designated space, either a demarcated area  room, that is restricted to preparing
low-risk level CSPs with 12-hour or less BUD. Such area shall contain a device ha rovide unidirectional airflow of 1ISO Class
5 (see Table 1) air quality for preparation of CSPs and shall be void of activit s and terials that are extraneous to sterile
compounding.

Sterilizing Grade Membranes: Membranes that are documented  retai 0 % of a culture of 107 microorganisms of a
strain of Brevundimonas (Pseudomonas) diminuta per square centimeter of  mbrane surface under a pressure of not less than
30 psi (2.0 bar). Such filter membranes are nominally at 0.22-uym o 0.2-umno  nal pore size, depending on the manufacturer’s

ractice.
P Sterilization by Filtration: Passage of a fluid or soutiont  ugh a terilizing grade membrane to produce a sterile
effluent.

Terminal Sterilization: The applicationofale | roce (e.g., steam under pressure or autoclaving) to sealed containers
for the purpose of achieving a predetermined s rility  urance vel of usually less than 1076, or a probability of less than one
in one million of a nonsterile unit.

Unidirectional Flow (see footnote 3): Ana ow mov g in a single direction in a robust and uniform manner and at
sufficient speed to reproducibly sweep pa ticles aw  from the critical processing or testing area.

APPENDICES

Appendix I. Principal Competenci  Condi ons, Practices, and Quality Assurances That Are Required (} “shall”) and
Re ended (f “should”) in USP Chapter (797)

NOTE—This tabular appendix selectively abstracts and condenses the full text of (797) for rapid reference only. Compounding personnel are responsible for
reading, understanding and complying with the full text and all official USP terminology, content, and conditions therein.

INTRODUCTION

¥ Chapter purpose is to prevent harm and death to patients treated with CSPs.

T Chapter pertains to preparation, storage, and transportation, but not administration, of CSPs.

T Personnel and facilities to which (797) applies; therefore, for whom and which it may be enforced by regulatory and accreditation authorities.
T Types of preparations designated to be CSPs according to their physical forms, and their sites and routes of administration to patients.

T Compounding personnel must be meticulously conscientious to preclude contact contamination of CSPs both within and outside ISO Class 5 areas.

ORGANIZATION

T All compounding personnel shall be responsible for understanding fundamental practices and precautions within USP (797), for developing and implementing
appropriate procedures, and for continually evaluating these procedures and the quality of final CSPs to prevent harm.

RESPONSIBILITY OF COMPOUNDING PERSONNEL

T Practices and quality assurances required to prepare, store, and transport CSPs that are sterile, and acceptably accurate, pure, and stable.

CSP MICROBIAL CONTAMINATION RISK LEVELS

T Proper training and evaluation of personnel, proper cleansing and garbing of personnel, proper cleaning and disinfecting of compounding work environments,
and proper maintenance and monitoring of controlled environmental locations (all of which are detailed in their respective sections).
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

Low-Risk Level CSPs
T Aseptic manipulations within an ISO Class 5 environment using three or fewer sterile products and entries into any container.

T In absence of passing sterility test, store not more than 48 hours at controlled room temperature, 14 days at cold temperature, and 45 days in solid frozen state
at —25° to —10° or colder.

T Media-fill test at least annually by compounding personnel.

Low-Risk Level CSPs with 12-Hour or Less BUD

T Fully comply with all four specific criteria.

f Sinks should not be located adjacent to the ISO Class 5 primary engineering control.

f Sinks should be separated from the immediate area of the ISO Class 5 primary engineering control device.
Medium-Risk Level CSPs

T Aseptic manipulations within an ISO Class 5 environment using prolonged and complex mixing and transfer, more than three sterile products and entries into
any container, and pooling ingredients from multiple sterile products to prepare multiple CSPs.

T In absence of passing sterility test, store not more than 30 hours at controlled room temperature, 9 da s at cold temperature, and 45 days in solid frozen state
at -25° to —10° or colder.

TMedia-fill test at least annually by compounding personnel.
High-Risk Level CSPs

T Confirmed presence of nonsterile ingredients and devices, or confirmed or suspected exposureo  eril ng dients for more than one hour to air quality inferior
to ISO Class 5 before final sterilization.

T Sterilization method verified to achieve sterility for the quantity and type of containers.
1 Meet allowable limits for bacterial endotoxins.
T Maintain acceptable strength and purity of ingredients and integrity of contain  after ste  zation.

T In absence of passing sterility test, store not more than 24 hours a contro led ro emp ture, 3 days at cold temperature, and 45 days in solid frozen state
at —25° to —10° or colder.

T Media-fill test at least semiannually by compounding pers  nel.

PERSONNEL TRAINING AND EVALUATION IN ASEPTIC MAN TIONS SK LS

T Pass didactic, practical skill assessment and m fil g initi followed by an annual assessment for a low- and medium-risk level compounding and
semi-annual assessment for high-risk level co  pounding.

T Compounding personnel who fail written s, or whose m ia-fill test vials result in gross microbial colonization, shall be immediately reinstructed and
re-evaluated by expert compounding person | to ensure ¢  ection of all aseptic practice deficiencies.

IMMEDIATE-USE CSPs

T Fully comply with all six specified criteria.

SINGLE-DOSE AND MULTIPLE-DOSE CONTAINERS
T Beyond-use date 28 days, unless specified otherwise by the manufacturer, for closure sealed multiple-dose containers after initial opening or entry.

T Beyond-use time of 6 hours, unless specified otherwise by the manufacturer, for closure sealed single-dose containers in ISO Class 5 or cleaner air after initial
opening or entry.

T Beyond-use time of 1 hour for closure sealed single-dose containers after being opened or entered in worse than I1SO Class 5 air.

T Storage of opened single-dose ampuls is not permitted.

HAZARDOUS DRUGS AS CSPs

T Appropriate personnel protective equipment.

T Appropriate primary engineering controls (BSCs and CACls) are used for concurrent personnel protection and exposure of critical sites.
T Hazardous drugs shall be stored separately from other inventory in a manner to prevent contamination and personnel exposure.

T At least 0.01 inch water column negative pressure and 12 air changes per hour in non-cleanrooms in which CACls are located.

T Hazardous drugs shall be handled with caution at all times using appropriate chemotherapy gloves during receiving, distribution, stocking, inventorying,
preparing for administration, and disposal.

T Hazardous drugs shall be prepared in an I1SO Class 5 environment with protective engineering controls in place, and following aseptic practices specified for
the appropriate contamination risk levels.

T Access to drug preparation areas shall be limited to authorized personnel.

T A pressure indicator shall be installed that can readily monitor room pressurization, which is documented daily.
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

T Annual documentation of full training of personnel regarding storage, handling, and disposal of hazardous drugs.

T When used, a CSTD shall be used in an ISO Class 5 primary engineering control device.

T At least 0.01 inch water column negative pressure is required for compounding of hazardous drugs.

f Negative-pressure buffer area is not required for low-volume compounding operations when CSTD is used in BSC or CACI.

T Compounding personnel of reproductive capability shall confirm in writing that they understand the risks of handling hazardous drugs.
T Disposal of all hazardous drug wastes shall comply with all applicable federal and state regulations.

f Total external exhaust of primary engineering controls.

I Assay of surface wipe samples every 6 months.

RADIOPHARMACEUTICALS AS CSPs
T Positron Emission Tomography is according to USP chapter (823).
T Appropriate primary engineering controls and radioactivity containment and shielding.

T Radiopharmaceuticals compounded from sterile components, in closed sterile containers, with volume o 0 mL or less for a single-dose injection or not more
than 30 mL taken from a multiple-dose container shall be designated as and conform to the standards for | risk level CSPs.

T Radiopharmaceutical vials, designed for multi-use, compounded with technetium-99m, exposed t Class vironment and punctured by needles with
no direct contact contamination may be used up to the time indicated by manufacturers’ recom enda  s.

T Location of primary engineering controls permitted in ISO Class 8 controlled environ  nt.

T Technetium-99m/Molybdenum-99 generators used according to manufacturer, state, an  deral r ments.

T Radiopharmaceuticals prepared as low-risk level CSPs with 12-hour or less BUD shall  prepa  in a segregated compounding area.

T Materials and garb exposed in patient-care and treatment area shall not cross a ne of dem rcation into the segregated compounding area.
T Technetium-99m/Molybdenum-99 generators must be eluted in ISO Class 8 co  ions.

T Segregated compounding area will be designated with a line o emarcati

I Storage and transport of properly shielded vials of radioph  mac I CSPs m  occur in a limited access ambient environment without a specific 1SO class
designation.

ALLERGEN EXTRACTS AS CSPs

T Allergen extracts as CSPs are not subject to e personnel  vironmental, and storage requirements for all CSP Microbial Contamination Risk Levels when
certain criteria are met.

VERIFICATION OF COMPOUNDING ACCURACY A LITY

T Review labels and document correct measurements, aseptic manipulations, and sterilization procedures to confirm correct identity, purity, and strength of
ingredients in, and sterility of, CSPs.

I Assay finished CSPs to confirm correct identity and, or, strength of ingredients.

I Sterility test finished CSPs.

Sterilization Methods

T Verify that methods achieve sterility while maintaining appropriate strength, purity, quality, and packaging integrity.

I Prove effectiveness by USP chapter (71), equivalent, or superior sterility testing.

Sterilization of High-Risk Level CSPs by Filtration

T Nominal 0.2-pm pore size sterile membranes that are chemically and physically compatible with the CSP.

T Complete rapidly without filter replacement.

T Subject filter to manufacturer’'s recommended integrity test (e.g., bubble point test) after filtering CSPs.

Sterilization of High-Risk Level CSPs by Steam

T Test to verify the mass of containers to be sterilized will be sterile after the selected exposure duration in the particular autoclave.
T Ensure live steam contacts all ingredients and surfaces to be sterilized.

T Pass solutions through a 1.2-pm or smaller nominal pore size filter into final containers to remove particulates before sterilization.
T Heated filtered air shall be evenly distributed throughout the chamber by a blower device.

T Dry heat shall only be used for those materials that cannot be sterilized by steam, when the moisture would either damage or be impermeable to the materials.
T Sufficient space shall be left between materials to allow for good circulation of the hot air.

T The description of dry heat sterilization conditions and duration for specific CSPs shall be included in written documentation in the compounding facility. The
effectiveness of dry heat sterilization shall be verified using appropriate biological indicators and other confirmation.
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

f The oven should be equipped with a system for controlling temperature and exposure period.

Depyrogenation by Dry Heat
T Dry heat depyrogenation shall be used to render glassware or containers, such as vials free from pyrogens as well as viable microbes.

T The description of the dry heat depyrogenation cycle and duration for specific load items shall be included in written documentation in the compounding
facility.

T The effectiveness of the dry heat depyrogenation cycle shall be verified using endotoxin challenge vials (ECVs).

f The bacterial endotoxin test should be performed on the ECVs to verify the cycle is capable of achieving a 3 log reduction in endotoxin.

ENVIRONMENTAL QUALITY AND CONTROL

Exposure of Critical Sites

1 1SO Class 5 or better air.

T Preclude direct contact (e.g., touch and secretions) contamination.
ISO Class 5 Air Sources, Buffer Areas, and Ante-Areas

T A buffer area is an area that provides at least ISO Class 7 air quality.
T New representations of facility layouts.

T Each compounding facility shall ensure that each source of ISO Class 5 environment for exposur ~ fcritca es and sterilization by filtration is properly located,
operated, maintained, monitored, and verified.

T Devices (e.g., computers and printers) and objects (e.g., carts and cabinets) can be place buffe and shall be verified by testing or monitoring.
Viable and Nonviable Environmental Sampling (ES) Testing
T Environmental sampling shall occur as part a comprehensive quality managem  program and shall occur minimally when several conditions exist.

f The ES program should provide information to staff and leadership to demonstr  that th engineering controls are maintaining an environment within the
compounding area that consistently maintains acceptably low vi e and viable levels.

Environmental Nonviable Particle Testing Program

T Certification and testing of primary (LAFWs, BSCs, CAlsan CACs)an  condary engineering controls (buffer and ante areas) shall be performed by a qualified
individual no less than every six months and whenever the d orroom  located, altered, or major service to the facility is performed. Certification procedures
such as those outlined in the CETA Certification Guide for Compoun ng Facilities (CAG-003-2006) shall be used.

Total Particle Counts

T Certification that each ISO classified area (e = 1SO Class 5, d 8) is within established guidelines shall be performed no less than every 6 months and whenever
the LAFW, BSC, CAl, or CACl is relocated or e physical str  ure of the buffer room or ante-area has been altered.

T Testing shall be performed by qualified oper s using cu  nt, state-of-the-art electronic equipment with results meeting ISO Class 5, 7, or 8 depending on
the requirements of the area.

T All certification records shall be maintained and reviewed by supervising personnel or other designated employee to ensure that the controlled environments
comply with the proper air cleanliness, room pressures, and air changes per hour.

Pressure Differential Monitoring

T A pressure gauge or velocity meter shall be installed to monitor the pressure differential or airflow between the buffer area and ante-area, and the ante-area
and the general environment outside the compounding area.

T The results shall be reviewed and documented on a log at least every work shift (minimum frequency shall be at least daily) or by a continuous recording device.
T The pressure between the ISO Class 7 and general pharmacy area shall not be less than 5 Pa (0.02 inch water column (w.c.)).

T In facilities where low- and mediume-risk level CSPs are prepared, differential airflow shall maintain a minimum velocity of 0.2 meter/second (40 fpm) between
buffer area and ante-area.

Environmental Viable Airborne Particle Testing Program—Sampling Plan
T An appropriate environmental sampling plan shall be developed for airborne viable particles based on a risk assessment of compounding activities performed.

T Selected sampling sites shall include locations within each ISO Class 5 environment and in the ISO Class 7 and 8 areas, and the segregated compounding areas
at greatest risk of contamination (e.g., work areas near the ISO Class 5 environment, counters near doors, pass-through boxes).

T The plan shall include sample location, method of collection, frequency of sampling, volume of air sampled, and time of day as related to activity in the
compounding area and action levels.

I Itis recommended that compounding personnel refer to USP Chapter Microbiological Control and Monitoring of Aseptic Processing Environments (1116) and the
CDC Guidelines for Environmental Infection Control in Healthcare Facilities-2003 for more information.

Growth Media

T A general microbiological growth medium such as Soybean—Casein Digest Medium (also known as trypticase soy broth (TSB) or agar (TSA)) shall be used to
support the growth of bacteria.

T Malt extract agar (MEA) or some other media that supports the growth of fungi shall be used in high-risk level compounding environments.

T Media used for surface sampling shall be supplemented with additives to neutralize the effects of disinfecting agents (e.g., TSA with lecithin and polysorbate
80).
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

Viable Air Sampling

T Evaluation of airborne microorganisms using volumetric collection methods in the controlled air environments shall be performed by properly trained individuals
for all compounding risk levels.

T Impaction shall be the preferred method of volumetric air sampling.

T For low-, medium-, and high-risk level compounding, air sampling shall be performed at locations that are prone to contamination during compounding
activities and during other activities like staging, labeling, gowning, and cleaning.

T Locations shall include zones of air backwash turbulence within laminar airflow workbench and other areas where air backwash turbulence may enter the
compounding area.

T For low-risk level CSPs with 12-hour or less BUD, air sampling shall be performed at locations inside the ISO Class 5 environment and other areas that are in
close proximity to the ISO class 5 environment, during the certification of the primary engineering control.

f Consideration should be given to the overall effect the chosen sampling method will have on the unidirectional airflow within a compounding environment.
Air Sampling Devices

T The instructions in the manufacturer’s user manual for verification and use of electric air samplers that actively collect volumes of air for evaluation shall be
followed.

T A sufficient volume of air (400-1000 liters) shall be tested at each location in order to maximize sensiti

I It is recommended that compounding personnel also refer to USP Chapter (1116), which can provide mor  formation on the use of volumetric air samplers
and volume of air that should be sampled to detect environmental bioburden excursions.

Air Sampling Frequency and Process

T Air sampling shall be performed at least semiannually (i.e. every 6 months), as part of he re-certific on o f cilities and equipment for area where primary
engineering controls are located.

T A sufficient volume of air shall be sampled and the manufacturer’s guidelines for use of the e onic air sampling equipment followed.
F Any facility construction or equipment servicing may require the need to perfor  air sampling d ing these events.

Incubation Period

T The microbial growth media plates used to collect environmenta mpling  recov overs secured (e.g., taped), inverted, and incubated at a temperature
and for a time period conducive to multiplication of microorgan s

T The number of discrete colonies of microorganisms shall  coun ed  dreport as colony-forming units (cfu) and documented on an environmental moni-
toring form. Counts from air monitoring need to be transf intoc  ubic meter of air and evaluated for adverse trends.

$ TSA should be incubated at 35° + 2 ° for 2-3 days

F MEA or other suitable fungal media should b ncubat 28°+  for 5-7 days.

Action Levels, Documentation and Data E  uation

T Sampling data shall be collected and review  on a period = asis as a means of evaluating the overall control of the compounding environment.
T Competent microbiology personnel shall be co d  nenvironmental sampling consistently shows elevated levels of microbial growth.

T An investigation into the source of the environmental contamination shall be conducted.

FAny cfu count that exceeds its respective action level should prompt a re-evaluation of the adequacy of personnel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic compounding location.

¥ Table titled, Recommended Action Levels for Microbial Contamination should only be used as a guideline
Facility Design and Environmental Controls
T Compounding facilities are physically designed and environmentally controlled to minimize airborne contamination from contacting critical sites.

T Compounding facilities shall provide a comfortable and well-lighted working environment, which typically includes a temperature of 20° or cooler to maintain
comfortable conditions for compounding personnel when attired in the required aseptic compounding garb.

T Primary engineering controls provide unidirectional (i.e., laminar) HEPA air at a velocity sufficient to prevent airborne particles from contacting critical sites.

T In situ air pattern analysis via smoke studies shall be conducted at the critical area to demonstrate unidirectional airflow and sweeping action over and away
from the product under dynamic conditions.

T Policies and procedures for maintaining and working within the primary engineering control area shall be written and followed. The policies and procedures
will be determined by the scope and risk levels of the aseptic compounding activities used during the preparation of the CSPs.

T The principles of HEPA-filtered unidirectional airflow in the work environment shall be understood and practiced in the compounding process in order to achieve
the desired environmental conditions.

T Clean rooms for nonhazardous and nonradioactive CSPs are supplied with HEPA that enters from ceilings with return vents low on walls, and that provides not
less than 30 air changes per hour.

T Buffer areas maintain 0.02- to 0.05-inch water column positive pressure, and do not contain sinks or drains.

T Air velocity from buffer rooms or zones to ante-areas is at least 40 feet/minute.

T The primary engineering controls shall be placed within a buffer area in such a manner as to avoid conditions that could adversely affect their operation.
T The primary engineering controls shall be placed out of the traffic flow and in a manner to avoid disruption from the HVAC system and room cross-drafts.

T HEPA-filtered supply air shall be introduced at the ceiling.
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

T All HEPA filters shall be efficiency tested using the most penetrating particle size and shall be leak tested at the factory and then leak tested again in situ after
installation.

T Activities and tasks carried out within the buffer area shall be limited to only those necessary when working within a controlled environment.
T Only the furniture, equipment, supplies, and other material required for the compounding activities to be performed shall be brought into the room.

T Surfaces and essential furniture in buffer rooms or zones and clean rooms shall be nonporous, smooth, nonshedding, impermeable, cleanable, and resistant to
disinfectants.

T The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in the buffer area shall be smooth, impervious, free from cracks and crevices, and
nonshedding, thereby promoting cleanability, and minimizing spaces in which microorganisms and other contaminants may accumulate.

T The surfaces shall be resistant to damage by disinfectant agents.

T Junctures of ceilings to walls shall be coved or caulked to avoid cracks and crevices where dirt can accumulate.
T Ceiling tiles shall be caulked around each perimeter to seal them to the support frame.

T The exterior lens surface of ceiling lighting fixtures shall be smooth, mounted flush, and sealed.

T Any other penetrations through the ceiling or walls shall be sealed.

T The buffer area shall not contain sources of water (sinks) or floor drains. Work surfaces shall be constru  d of smooth, impervious materials, such as stainless
steel or molded plastic, so that they are easily cleaned and disinfected.

T Carts shall be of stainless steel wire, nonporous plastic, or sheet metal construction with good qualit cleana  casters to promote mobility.

T Storage shelving, counters, and cabinets shall be smooth, impervious, free from cracks and crev es, n edding cleanable, and disinfectable.
T Their number, design, and manner of installation the itmes above shall promote effec ve cleaninga d dis  ction.

I If ceilings consist of inlaid panels, the panels should be impregnated with a polymer to re them vious and hydrophobic.

I Dust-collecting overhangs, such as ceiling utility pipes, or ledges, such as window hould voided.

f Air returns should be mounted low on the wall creating a general top down dil on of roo  air with HEPA-filtered make-up air.

Placement of Primary Engineering Controls Within ISO Class 7 Buffer A eas

T Primary engineering controls for nonhazardous and nonradioac  C Psar  cated in buffer areas, except for CAls that are proven to maintain I1SO Class 5 air

when particle counts are sampled 6 to 12 inches upstream o ritic e expos reas during performance of normal inward and outward transfer of materials,
and compounding manipulations when such CAls are loc  d in lity wors  an ISO Class 7.

T Presterilization procedures for high-risk level CSPs, such as hing an xing, shall be completed in no worse than an ISO Class 8 environment.

T Primary engineering controls shall be located out ffic patt and away from room air currents that could disrupt the intended airflow patterns.

T When isolators are used for sterile compoun ng, therec  ytime achieve ISO Class 5 air quality shall be documented and internal procedures developed
to ensure that adequate recovery time is all  ed after mat transfer before and during compounding operations.

T When compounding activities require the m  ipulation of  atient’s blood-derived or other biological material (e.g., radiolabeling a patient’s or a donor’s
white blood cells), the manipulations shall be rly separ -~ d from routine material-handling procedures and equipment used in CSP preparation activities,
and they shall be controlled by specific standard procedures in order to avoid any cross-contamination.

T Food, drinks, and items exposed in patient care areas, and unpacking of bulk supplies and personnel cleansing and garbing are prohibited from buffer areas or
rooms.

T Demarcation designation between buffer areas or rooms and ante-areas.
T Antiseptic hand cleansing and sterile gloves in buffer areas or rooms.

F Packaged compounding supplies and components, such as needles, syringes, tubing sets, and small- and large-volume parenterals, should be uncartoned and
wiped down with a disinfectant that does not leave a residue (e.qg., sterile 70% IPA) when possible in an ante-area, of ISO Class 8 air quality, before being passed
into the buffer areas.

Cleaning and Disinfecting the Sterile Compounding Areas
T Trained personnel write detailed procedures including cleansers, disinfectants, and non-shedding wipe and mop materials.

T Cleaning and disinfecting surfaces in the LAFWs, BSCs, CAls, and CAClIs shall be cleaned and disinfected frequently, including at the beginning of each work
shift, before each batch preparation is started, every 30 minutes during continuous compounding periods of individual CSPs, when there are spills, and when
surface contamination is known or suspected from procedural breaches.

T Trained compounding personnel are responsible for developing, implementing, and practicing the procedures for cleaning and disinfecting the DCAs written
in the SOPs.

T Cleaning and disinfecting shall occur before compounding is performed. Items shall be removed from all areas to be cleaned, and surfaces shall be cleaned by
removing loose material and residue from spills, e.g., water-soluble solid residues are removed with Sterile Water (for Injection or Irrigation) and low-shedding
wipes. This shall be followed by wiping with a residue-free disinfecting agent, such as sterile 70% IPA, which is allowed to dry before compounding begins.

T Work surfaces in ISO Class 7 and 8 areas and segregated compounding areas are cleaned at least daily.

T Dust and debris shall be removed when necessary from storage sites for compounding ingredients and supplies, using a method that does not degrade the ISO
Class 7 or 8 air quality.

T Floors in ISO Class 7 and 8 areas are cleaned daily when no compounding occurs.
T IPA (70% isopropyl alcohol) remains on surfaces to be disinfected for at least 30 seconds before such surfaces are used to prepare CSPs.

T Emptied shelving, walls, and ceilings in ante-areas are cleaned and disinfected at least monthly.
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

T Mopping shall be performed by trained personnel using approved agents and procedures described in the written SOPs.

T Cleaning and disinfecting agents, their schedules of use and methods of application shall be in accordance with written SOPs and followed by custodial
and/or compounding personnel.

T All cleaning materials, such as wipers, sponges, and mops, shall be nonshedding, preferably composed of synthetic micro fibers, and dedicated to use in the
buffer area, or ante-area, and segregated compounding areas and shall not be removed from these areas except for disposal.

T If cleaning materials are reused (e.g., mops), procedures shall be developed (based on manufacturer recommendations) that ensure that the effectiveness of
the cleaning device is maintained and repeated use does not add to the bioburden of the area being cleaned.

T Supplies and equipment removed from shipping cartons shall be wiped with a suitable disinfecting agent (e.g., sterile 70% IPA) delivered from a spray bottle
or other suitable delivery method.

T After the disinfectant is sprayed or wiped on a surface to be disinfected, the disinfectant shall be allowed to dry, and during this time the item shall not be used
for compounding purposes.

T Sterile 70% IPA wetted gauze pads or other particle-generating material shall not be used to disinfect the sterile entry points of packages and devices.
Personnel Cleansing and Garbing

T Personnel shall also be thoroughly competent and highly motivated to perform flawless aseptic manipulations with ingredients, devices, and components
of CSPs.

T Personnel with rashes, sunburn, weeping sores, conjunctivitis, active respiratory infection, and cosmetics prohibited from preparing CSPs.

T Compounding personnel shall remove personal outer garments; cosmetics; artificial nails; hand, wrist nd bo welry that can interfere with the fit of gowns
and gloves; and visible body piercing above the neck.

T Order of compounding garb and cleansing in ante-area: shoes or shoe covers, head a dfacial rc ers e mask, fingernail cleansing, hand and forearm
washing and drying; non-shedding gown.

T Order of cleansing and gloving in buffer room or area: hand cleansing with a persistently a e alco ased product with persistent activity; allow hands to
dry; don sterile gloves.

T Routinely disinfect gloves with sterile 70% IPA after contacting nonsterile objec
T Inspect gloves for holes and replace when breaches are detected.
T Personnel repeat proper procedures after they are exposed tod ct cont ontam on or worse than ISO Class 8 air.

T These requirements are exempted only for immediate-us  SPs a Als for w h manufacturers provide written documentation based on validated testing
that such personnel practices are not required to maintai erility n s.

Personnel Training and Competency Evaluatio ing, A ic Work Practices and Cleaning/Disinfection Procedures

T Personnel who prepare CSPs shall be traine  onscientiou nd skill ully by expert personnel, multi-media instructional sources, and professional publications
in the theoretical principles and practical sk of garbing pr  dures, aseptic work practices, achieving and maintaining ISO Class 5 environmental conditions,
and cleaning and disinfection procedures.

T This training shall be completed and docume  d before =y compounding personnel begin to prepare CSPs.

T Compounding personnel shall complete didactic training, pass written competence assessments, undergo skill assessment using observational audit tools, and
media-fill testing.

T Media-fill testing of aseptic work skills shall be performed initially before beginning to prepare CSPs and at least annually thereafter for low- and medium-risk
level compounding; and semiannually for high-risk level compounding.

T Compounding personnel who fail written tests, observational audits, or whose media-fill test vials have one or more units showing visible microbial contami-
nation, shall be reinstructed and re-evaluated by expert compounding personnel to ensure correction of all aseptic work practice deficiencies.

+ Compounding personnel shall pass all evaluations prior to resuming compounding of sterile preparations.

T Compounding personnel must demonstrate proficiency of proper hand hygiene, garbing, and consistent cleaning procedures in addition to didactic evaluation
and aseptic media fill.

T Cleaning and disinfecting procedures performed by other support personnel shall be thoroughly trained in proper hand hygiene, and garbing, cleaning, and
disinfection procedures by a qualified aseptic compounding expert.

T Support personnel shall routinely undergo performance evaluation of proper hand hygiene, garbing, and all applicable cleaning and disinfecting procedures
conducted by a qualified aseptic compounding expert.

Competency Evaluation of Garbing and Aseptic Work Practices

T Compounding personnel shall be evaluated initially prior to beginning compounding CSPs and whenever an aseptic media fill is performed using a Sample
Form for Assessing Hand Hygiene and Garbing Related Practices of Compounding Personnel and the personnel glove fingertip sampling procedures.

Aseptic Work Practice Assessment and Evaluation via Personnel Glove Fingertip Sampling
T Monitoring of compounding personnel glove fingertips shall be performed for all CSP risk level compounding.

T Glove fingertip sampling shall be used to evaluate the competency of personnel in performing hand hygiene and garbing procedures in addition to educating
compounding personnel on proper work practices.

T All personnel shall demonstrate competency in proper hand hygiene and garbing procedures in addition to aseptic work practices.

T Sterile contact agar plates shall be used to sample the gloved fingertips of compounding personnel after garbing to assess garbing competency and after
completing the media-fill preparation.

T Gloves shall not be disinfected with sterile 70% IPA immediately prior to sampling.
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

Garbing and Gloving Competency Evaluation

T Compounding personnel shall be visually observed during the process of performing hand hygiene and garbing procedures.

T The visual observation shall be documented on a Sample Form for Assessing Hand Hygiene and Garbing Related Practices of Compounding Personnel and
maintained to provide a permanent record of and long-term assessment of personnel competency.

Gloved Fingertip Sampling

T Immediately after the compounder completes the hand hygiene and garbing procedure, the evaluator shall collect a gloved fingertip and thumb sample from
both hands of the compounder onto appropriate agar plates by lightly pressing each finger tip into the agar.

T The plates shall be incubated for the appropriate incubation period and at the appropriate temperature.

T All employees shall successfully complete an initial competency evaluation and gloved fingertip/thumb sampling procedure (0 cfu) no less than three times
before initially being allowed to compound CSPs for human use.

T After completing the initial gowning and gloving competency evaluation, re-evaluation of all compounding personnel shall occur at least annually for low- and
mediume-risk level CSPs and semiannually for high-risk level CSPs before being allowed to continue compounding CSPs.

T Gloves shall not be disinfected with sterile 70% IPA prior to testing.

T The sampled gloves shall be immediately discarded and proper hand hygiene performed after sampli ~ The nutrient agar plates shall be incubated as stated
below.

T The cfu action level for gloved hands shall be based on the total number of cfu on both gloves and not per  d.
F Results should be reported separately as number of cfu per employee per hand (left hand, right h
Incubation Period

T At the end of the designated sampling period, the agar plates are recovered, covers secu d inver  and ncubated at a temperature and for a time period
conducive to multiplication of microorganisms. Trypticase soy agar (TSA) with lecithin and p  sorba shall be incubated at 35°+ 2° for 2-3 days.

Aseptic Manipulation Competency Evaluation

T All compounding personnel shall have their aseptic technique and related prac e compe  cy evaluated initially during the media-fill test procedure and
:ggzzth.uent annual or semiannual media-fill test procedures on the Sa ple Form  Assess  Aseptic Technique and Related Practices of Compounding Per-
Media-Fill Test Procedure

T The skill of personnel to aseptically prepare CSPs shall be  aluat d g sterile  id bacterial culture media-fill verification.

T Media-filled vials shall be incubated within a range of 35° or 14 day

Surface Cleaning and Disinfection Sampling an ment

T Surface sampling shall be performed in all IS classified a onap odic basis and can be accomplished using contact plates and/or swabs and shall be done
at the conclusion of compounding.

T Locations to be sampled shall be defined in mple plan ~ on a form.
Cleaning and Disinfecting Competency Evalua

T Compounding personnel and other personnel responsible for cleaning shall be visually observed during the process of performing cleaning and disinfecting
procedures during initial personnel training on cleaning procedures, changes in cleaning staff and at the completion of any Media-Fill Test Procedure.

T Visual observation shall be documented on a Sample Form for Assessing Cleaning and Disinfection Procedures and maintained to provide a permanent record
of, and long-term assessment of, personnel competency.

Surface Collection Methods

T Immediately after sampling a surface with the contact plate, the sampled area shall be thoroughly wiped with a non-shedding wipe soaked in sterile 70% IPA.
I Results should be reported as cfu per unit of surface area.

Action Levels, Documentation, and Data Evaluation

T Environmental sampling data shall be collected and reviewed on a routine basis as a means of evaluating the overall control of the compounding environment.
T If an activity consistently shows elevated levels of microbial growth, competent microbiology personnel shall be consulted.

T An investigation into the source of the contamination shall be conducted.

T When gloved fingertip sample results exceeds action levels after proper incubation, a review of hand hygiene and garbing procedures as well as glove and
surface disinfection procedures and work practices shall be performed and documented.

FAny cfu count that exceeds its respective action level should prompt a re-evaluation of the adequacy of personnel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic compounding location.

SUGGESTED STANDARD OPERATING PROCEDURES

T All facilities are required to have these, and they must include at least the items enumerated in this section.

FINISHED PREPARATION RELEASE CHECKS AND TESTS

Inspection of Solution Dosage Forms and Review of Compounding Procedures
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Appendix . Principal Competencies, Conditions, Practices, and Quality Assurances That Are Required (} “shall”) and Rec-
ommended (} “should”) in USP Chapter (797) (continued)

T Review procedures and documents to ensure sterility, purity, correct identities and amounts of ingredients, and stability.

T Visually inspect for abnormal particulate matter and color, and intact containers and seals.
Sterility Testing

T High-risk level CSPs prepared in batches of more than 25 identical containers, or exposed longer than 12 hours at 2° to 8°, and 6 hours at warmer than 8°
before being sterilized.

Bacterial Endotoxin (Pyrogen) Testing

T High-risk level CSPs, excluding those for inhalation and ophthalmic administration, prepared in batches of more than 25 identical containers, or exposed longer
than 12 hours at 2° to 8°, and 6 hours at warmer than 8°, before being sterilized.

Identity and Strength Verification of Ingredients
T Written procedures to verify correct identity, quality, amounts, and purities of ingredients used in CSPs.

T Written procedures to ensure labels of CSPs contain correct names and amounts or concentrations of ingredients, total volumes, beyond-use dates, storage
conditions, and route(s) of administration.

STORAGE AND BEYOND-USE DATING
Determining Beyond-Use Dates

T Use the general criteria in USP (795) in the absence of direct stability-indicating assays or authorit eratur t supports longer durations.

MAINTAINING STERILITY, PURITY, AND STABILITY OF DISPENSED AND DISTRIBUTED CSP

T Written procedures for proper packaging, storage, and transportation conditions to mainta erility, quality, purity, and strength of CSPs.
Redispensed CSPs

T When sterility, and acceptable purity, strength, and quality can be e ed.

T Assignment of sterility storage times and stability beyond-use da s that r later ose of originally dispensed CSPs must be based on results of sterility
testing and quantitative assay of ingredients.

Packaging and Transporting CSPs
T Packaging maintains physical integrity, sterility, stability, a urity of

T Modes of transport that maintain appropriate tem turesan  event damage to CSPs.

PATIENT OR CAREGIVER TRAINING

T Multiple component formal training progra ensure pa nts and caregivers understand the proper storage, handling, use, and disposal of CSPs.

PATIENT MONITORING AND ADVERSE EVENTS REPORTING

T Written standard procedures describe means for patients to ask questions and report concerns and adverse events with CSPs, and for compounding supervisors
to correct and prevent future problems.

f Adverse events and defects with CSPs reported to FDA’s MedWatch and USP’s MEDMARX programs.

GLOSSARY
T Twenty-eight terms are defined and integral to complying with USP (797).
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Appendix Il. Common Disinfectants Used in Health Care for Inanimate Surfaces and Noncritical Devices, and Their Microbial
Activity and Properties’

Chemical Category of Disinfectant
Quaternary
Ammonium
(e.g.,
dodecyl Chlorine lodophors
Accelerated hy- dimethyl (e.g., (e.g.,
Isopropyl drogen perox- ammonium sodium povidone-
alcohol ide chloride) Phenolics hypochlorite) iodine)
Concentration Used 60-95% 0.5%3 0.4-1.6% aq 0.4-1.6% aq 100-5000 ppm 30-50 ppm
Bacteria + + + + + +
Lipophilic viruses + + + + + +
Hydrophilic viruses + + + + + +
Microbial Inactiva-
tion2 M.tuberculosis + + + ¥ . N
Mycotic agents (fun-
gi) + + + + + +
Bacterial Spores - - - + -
Shelf life >1 week + + + + + +
Corrosive or deleteri-
ous effects + - - + +
Non-evaporable resi-
due - - + + _ i
Important Chemical & Inactivated by organic
Physical Properties matter + + + + +
Skin irritant + - + + + +
Eye irritant + - + + + +
Respiratory irritant - - - + _
Systemic toxicity - + + + +
Key to abbreviation and symbols: aq = dilute with water; p = parts per million; + = yes; — = no; + = variable results.

1 Modified from World Health Organization, La tory Bio Sa y Manual 1983 and Rutala WA, “Antisepsis, disinfection and sterilization in the hospital and related
institutions,” Manual of Clinical Microbiology, Am n Soci -~ for Microbiology, Washington, DC, 1995, pages 227-245.

2 |nactivation of the most common microorganisms ( acteria) occurs with a contact time of <1 minute; inactivation of spores requires longer contact times
(e.g., 5-10 minutes for 5,000 ppm chlorine solution against C. difficile spores). Reference: Perez |, Springthorpe VS, Sattar SA, “Activity of selected oxidizing microbicides
against the spores of Clostridium difficile: Relevance to environmental control,” American Journal of Infection Control, August 2005, pages 320-325.

3 Accelerated hydrogen peroxide is a new generation of hydrogen peroxide-based germicides in which the potency and performance of the active ingredient have
been enhanced and accelerated through the use of appropriate acids and detergents.

Appendix Ill. Sample Form for Assessing Hand Hygiene and Garbing Related Practices of Compounding Personnel

Printed name and position/title of person assessed:

Name of facility or location:

Hand Hygiene and Garbing Practices: The qualified evaluator will check each space for which the person being assessed has acceptably completed the described
activity, prints N/A if the activity is not applicable to the assessment session or N/O if the activity was not observed.*

Presents in a clean appropriate attire and manner.

Wears no cosmetics or jewelry (watches, rings, earrings, etc. piercing jewelry included) upon entry into ante-areas.
Brings no food or drinks into or stored in the ante-areas or buffer areas.

Is aware of the line of demarcation separating clean and dirty sides and observes required activities.

Dons shoe covers or designated clean-area shoes one at a time, placing the covered or designated shoe on clean side of the line of demarcation,
as appropriate.

Dons beard cover if necessary.
Dons head cover assuring that all hair is covered.

Dons face mask to cover bridge of nose down to include chin.
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Appendix Ill. Sample Form for Assessing Hand Hygiene and Garbing Related Practices of Compounding Personnel
(continued)

Performs hand hygiene procedure by wetting hands and forearms and washing using soap and warm water for at least 30 seconds.
Dries hands and forearms using lint-free towel or hand dryer.

Selects the appropriate sized gown examining for any holes, tears, or other defects.

Dons gown and ensures full closure.

Disinfects hands again using a waterless alcohol-based surgical hand scrub with persistent activity and allows hands to dry thoroughly before
donning sterile gloves.

Dons appropriate sized sterile gloves ensuring that there is a tight fit with no excess glove material at the fingertips.
Examines gloves ensuring that there are no defects, holes, or tears.

While engaging in sterile compounding activities, routinely disinfects gloves with sterile 70% IPA prior to work in the direct compounding area
(DCA) and after touching items or surfaces that may contaminate gloves.

Removes PPE on the clean side of the ante-area.

Removes gloves and performs hand hygiene.

Removes gown and discards it, or hangs it on hook if it is to be reused within the same k day.
Removes and discards mask, head cover, and beard cover (if used).

Removes shoe covers or shoes one at a time, ensuring that uncovered foot is placed e dirty of the line of demarcation and performs
hand hygiene again. (Removes and discards shoe covers every time the compoun nga s exit

*The person assessed is immediately informed of all unacceptable activities (i.e., spac cking k marks, N/A, or N/O) and shown and informed of
specific corrections.

Signature of Person Assessed P ed Nam Date

Signature of Qualified Evaluator ted Name Date

Appendix IV. Sample Form for Assessing eptic T hnique and Related Practices of Compounding Personnel

ed nam  nd position/title of person assessed:

Name of facility or location:

Aseptic Technique, Safety, and Quality Assuran ces: The qualified evaluator checks each space for which the person being assessed has acceptably
completed the described activity, prints N/A if the activity is not applicable to the assessment session or N/O if the activity was not observed.*

Completes the Hand Hygiene and Garbing Competency Assessment Form.

Performs proper hand hygiene, garbing, and gloving procedures according to SOPs.

Disinfects ISO Class 5 device surfaces with an appropriate agent.

Disinfects components/vials with an appropriate agent prior to placing into ISO Class 5 work area.

Introduces only essential materials in a proper arrangement in the ISO Class 5 work area.

Does not interrupt, impede, or divert flow of first-air to critical sites.

Ensures syringes, needles, and tubing remain in their individual packaging and are only opened in ISO Class 5 work area.
Performs manipulations only in the appropriate DCA of the ISO Class 5 device.

Does not expose critical sites to contact contamination or worse than ISO Class 5 air.

Disinfects stoppers, injection ports, and ampul necks by wiping with sterile 70% IPA and allows sufficient time to dry.
Affixes needles to syringes without contact contamination.

Punctures vial stoppers and spikes infusion ports without contact contamination.

Labels preparation(s) correctly.

Disinfects sterile gloves routinely by wiping with sterile 70% IPA during prolonged compounding manipulations.

Cleans, sets up, and calibrates automated compounding device (e.g., “TPN compounder”) according to manufacturer’s instructions.

Disposes of sharps and waste according to institutional policy or recognized guidelines.
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Appendix IV. Sample Form for Assessing Aseptic Technique and Related Practices of Compounding Personnel (continued)

*The person assessed is immediately informed of all unacceptable activities (i.e., spaces lacking check marks, N/A, or N/O) and shown and informed of
specific corrections.

Signature of Person Assessed Printed Name Date

Signature of Qualified Evaluator Printed Name Date

Appendix V. Sample Form for Assessing Cleaning and Disinfection Procedures

Printed name and position/title of person assessed:

Name of facility or location:

Cleaning and Disinfection Practices: The qualified evaluator will check each space for which the person being assessed has acceptably completed the described
activity, prints N/A if the activity is not applicable to the assessment session or N/O if the activity was observed.*

Daily Tasks:

Prepares correct concentration of disinfectant solution according to manufacturer’ nstru  ns.

Uses appropriately labeled container for the type of surface to be clean  (floor, wall, p oduc n bins, etc.).
Documents disinfectant solution preparation.

Follows garbing procedures when performing any cleaning activitie

At the beginning of each shift, cleans all ISO Class 5 devices priort ompoun  ng in the following order: walls, IV bar, automated compounders,
and work surface.

Uses a lint free wipe soaked with sterile 70% IPA o otherap  ved di ant solution and allows to dry completely.
Removes all compounder componentsandcl nsa O Class5  as as stated above at the end of each shift.
Cleans all counters and easily cleanable wor  r es.

Mops floors, using the mop labeled “floors,” ta g at the w Il opposite the room entry door; mops floor surface in even strokes toward the
operator. Moves carts as needed ntire fl  surface. Use of a microfiber cleaning system is an acceptable alternative to mops.

In the ante-area, cleans sink a  all contact  faces; cl ans floor with a disinfectant solution or uses microfiber cleaning system.

Monthly Tasks:

Performs monthly cleaning on a designated day. Prepares a disinfectant solution as stated in daily tasks that is appropriate for the surfaces to be
cleaned.

Cleans buffer area and ante-area ceiling, walls, and storage shelving with a disinfectant solution and a mop or uses a microfiber cleaning system.

Once ISO Class 5 area is clean, cleans compounding room ceiling, followed by walls and ending with the floor. Uses appropriate labeled mops or
microfiber cleaning system.

Cleans all buffer area totes and storage shelves by removing contents and using a germicidal detergent soaked lint free wipe, cleans the inside
surfaces of the tote and then the entire exterior surfaces of the tote. Allows totes to dry. Prior to replacing contents into tote, wipes tote with
sterile 70% IPA to remove disinfectant residue. Uses new wipe as needed.

Cleans all buffer area carts by removing contents and using germicidal detergent soaked lint free wipe, cleans all carts starting with the top shelf
and top of post, working down to wheels. Cleans the under side of shelves in a similar manner. Uses a new wipe for each cart. Allows to dry.
Wipes carts with sterile 70% IPA wetted lint-free wipe to remove any disinfectant residue. Uses new wipe as needed.

Cleans buffer area chairs, the interior and exterior of trash bins, and storage bins using disinfectant solution soaked lint free wipe.

Documents all cleaning activities as to who performed such activities with date and time noted.

*The person assessed is immediately informed of all unacceptable activities (i.e., spaces lacking check marks, N/A, or N/O) and shown and informed of
specific corrections.

Signature of Person Assessed Printed Name Date

Signature of Qualified Evaluator Printed Name Date
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