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The information and its applications contained in this guidance
document are constantly evolving because of ongoing research
and improvements in technology, and are subject to the
professional judgment and interpretation of the practitioner due
to the uniqueness of each pharmacy’s role in compounding
sterile preparations. The writer, reviewers, editors, ASHP, and
Baxter have made reasonable efforts to ensure the accuracy
and appropriateness of the information presented in this
document. However, any reader of this information is advised
that the writer, reviewers, editors, ASHP, or Baxter are not
responsible for the continued currency of the information, for
any errors or omissions, and/or for any consequences arising
from the use of the information in the document in any and all
practice settings. Any reader of this document is cautioned that
ASHP and Baxter make no representation, guarantee, or
warranty, express or implied as to the accuracy and appropri-
ateness of the information contained in this document, and will
bear no responsibility or liability for the results or conse-
quences of its use.
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The recently published USP Chapter <797>, Pharmaceutical Compounding:
Sterile Preparations, became effective January 1, 2004. This discussion guide
is intended to assist health-system pharmacists with implementation of USP
Chapter <797> requirements.

Compounding
Sterile Preparations

The ASHP Discussion Guide on USP Chapter <797>

Chapter Overview and History
During the 1960s and 1970s, the practice of pharmacy
was evolving and emphasis was placed on patient safety
factors as a result of patient injuries and deaths that had
occurred because of problems with medication delivery
and sterile compounding. One of the first groups to
address these patient safety issues was the National
Coordinating Committee on Large Volume Parenterals
(NCCLVP). NCCLVP was established by the US Pharma-
copeial Convention, Inc., and subsequently developed
and recommended standards of practice for the prepara-
tion, labeling, and quality assurance of hospital pharmacy
admixture services.1–7

After the dissolution of NCCLVP in the 1980s, the
profession of pharmacy was under pressure by the Food
and Drug Administration (FDA) to address problems with
contamination in hospitals in the United States.

In the early 1990s, several pharmacy organizations,
including the American Society of Health-System Pharma-
cists (ASHP), United States Pharmacopeia (USP), and
National Association of Boards of Pharmacy (NABP),
issued practice recommendations in an effort to provide
a professional mandate and practice assistance to
pharmacists and technicians responsible for compound-
ing sterile preparations. The central theme in each of the

Executive Summary
Over the past three decades, several pharmacy practice documents have been
published in hopes of establishing a standard of practice for compounding sterile
preparations that could be universally adopted. None of these documents was
successful in achieving this goal. However, on January 1, 2004, USP Chapter
<797>, Pharmaceutical Compounding: Sterile Preparations, which is published
in USP 27/NF 22, came into effect. USP Chapter <797> details the procedures
and requirements for compounding sterile preparations and sets standards that
are applicable to all practice settings in which sterile preparations are com-
pounded. These standards may be adopted and enforced by state boards of
pharmacy and surveyable by accreditation organizations. This discussion guide
will provide important information about Chapter <797> and its procedures and
requirements. As pharmacists, we have been given the right to compound, but
as professionals, we have the obligation to compound right.

The United States Pharmacopeia, 27th rev., and the National Formulary 22nd ed.
USP General Information Chapter. Pharmaceutical Compounding–Sterile Preparations.
Rockville, MD: The United States Pharmacopeial Convention, 2003.
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documents was that the pharmacist was responsible for
ensuring that compounded sterile preparations (CSPs)
were properly prepared, labeled, stored, dispensed and
delivered.

In 1992, the USP issued a draft recommendation
entitled USP <1074>, Dispensing Practices for Sterile
Drug Products Intended for Home Use. The intent of this
general information chapter within the USP/NF was “to
detail the various procedures necessary to prepare and
dispense sterile drug preparations intended for home
use: the validation of sterilization and aseptic processes,
the quality and control of environmental conditions for
aseptic operations, personnel training, aseptic tech-
niques, finished product release testing, storage and
expiration dating, the control of product quality beyond
the pharmacy, patient or caregiver training, patient
monitoring and complaints, and finally, a quality assur-
ance program.”8 The United States Pharmacopeial
Convention, Inc. adopted a finalized version of the draft
and numbered it <1206>, Sterile Drug Products for
Home Use, to provide specific practice standards and
operating guidelines for CSPs.9 The chapter was only a
guideline and not enforceable; the pharmacy profession
did not have any accountability to the USP as a regula-
tory agency.

In 1993, ASHP issued a Technical Assistance Bulletin
(TAB) entitled “Quality Assurance for Pharmacy-Prepared
Sterile Products.”10 This document defined the level and
extent of recommended quality assurance measures that
should be utilized by pharmacy operations when
compounding sterile preparations. These recommenda-
tions also addressed operating parameters such as
physical plant, types of products utilized, and length of
product storage. This TAB was developed to be applicable
in a variety of practice settings, including hospitals,
community retail pharmacies, long-term-care facilities,
and home care organizations. The TAB spawned the ASHP
Risk Level categories (I-III) which, for some, have
become the unofficial standard for the pharmacy
profession. However, the recommendations in the TAB
fell short with respect to the degree of specificity that
most pharmacy practitioners wanted, which impeded its
integration and general acceptance by the pharmacy
community. Among the reasons for not following the
recommendations in the TAB was the perception that
they were unnecessary, excessive, costly, and too time-
consuming. In addition, some practitioners did not think
that the TAB added value to the process since there was
insufficient evidence to support the recommended
changes. As a result, the FDA’s concerns were not allevi-
ated by the ASHP QA TAB.

In 1998, former President Clinton signed into law
the US Food and Drug Administration Modernization Act
(FDAMA) of 1997. Section 503A of the FDAMA, which is
titled “Pharmacy Compounding,” defined the limits of
legitimate compounding. This law limited the scope of
pharmacy compounding and was designed to protect
patients from the unnecessary use of extemporaneously
compounded drugs by pharmacists. FDAMA granted FDA
power to identify certain drug products that were
difficult to compound and for which compounding
could adversely affect safety or effectiveness. In 2001, the
U.S. Supreme Court ruled that section 503A was uncon-
stitutional, creating a vacuity of regulation for the
pharmacy profession and the FDA.

In 1995, ASHP conducted a national survey of quality
assurance for pharmacy-prepared sterile preparations as
a follow-up to ASHP QA TAB.11, 12 Results of the survey
indicated that few pharmacies were equipped with
adequately controlled compounding environments,
which are essential for dispensing sterile preparations.
The survey also documented that many pharmacists
were not performing critical quality assurance checks,
such as environmental monitoring, end-product testing,
and process validation.12

Another national survey was conducted in 2002.13

Unfortunately the findings were similar to the 1995
survey, demonstrating that ASHP’s QA TAB guidelines had
not produced significant changes in sterile compounding
practices in the 10 years since publication of the docu-
ment.13

Efforts to improve the quality of pharmacy-prepared
sterile preparations have been ongoing. The first official
and enforceable sterile preparation compounding
requirement in the United States took effect on January
1, 2004, when USP published USP Chapter <797>.

Legal and Regulatory Basis
That USP would initiate a sterile preparation requirement
is logical, considering its long history. In 1906, the Food
and Drugs Act, passed by the US Congress and the US
Pharmacopeia (USP/NF), became the official standard for
drugs in the United States. In 1938, Congress passed the
Federal Food, Drug, and Cosmetic (FD&C) Act, which
was a revision of the 1906 Act. The FD&C Act recognized
the USP/NF as the official compendia of drug standards.
The US Food and Drug Administration is responsible for
the enforcement of the FD&C Act.

Each general chapter of the USP/NF is assigned a
number, which appears in brackets along with the
chapter name. The general chapters numbered <1> to
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<999> are considered requirements and official mono-
graphs and standards of the USP/NF, whereas general
chapters numbered from <1000> to <1999> are consid-
ered informational and chapters above <2000> apply to
nutritional supplements.14 Since USP Chapter <797> is
considered a requirement, pharmacies may be subject to
inspection against these standards by boards of phar-
macy, FDA, and accreditation organizations, such as the
Joint Commission on Accreditation of Healthcare Organi-
zations (JCAHO), Accreditation Commission for Health
Care, Inc. (ACHC), and Community Health Accreditation
Program (CHAP). Pharmacists are strongly encouraged to
contact their respective boards of pharmacy for informa-
tion on state enforcement criteria and activities. The FDA
is exercising enforcement discretion during routine
inspections but will intervene when patient injury or
deaths associated with compounded sterile preparations
have occurred. Since 1990, FDA has become aware of
more than 55 quality problems associated with com-
pounded preparations, many of which have resulted in
recalls, patient injury, and deaths.15–29

Areas of Likely Concern
The following points review issues that are most likely to
be of concern for pharmacy administrators, pharmacists
and technicians:

■ Applicability in all healthcare settings: The
principles of contamination control and proper
compounding procedures are not unique to the
practice setting where sterile preparations are

compounded. USP <797> requirements must be met
in all healthcare settings that compound sterile
preparations and by all disciplines associated with
these settings; including physicians, nurses, and
pharmacists in office practices, clinics, hospital care
units, and main and satellite pharmacies. The enforce-
ment of this chapter by boards of pharmacy is limited
to licensed pharmacies.

■ Risk Levels Criteria: The practices, policies, proce-
dures and physical plant of pharmacies where sterile
compounding occurs vary so widely that USP <797>
was written to give the pharmacist, as the individual
with the ultimate responsibility for sterility and
accuracy of CSPs, flexibility in determining actual risk
levels for preparations being compounded. The
following examples better illustrate this point (See
Table 1).

The checklist on page 4 provides an overview of the
various factors that can be used when determining risk
levels. The most important factor in determining risk
level is sound professional judgment based on knowl-
edge of aseptic compounding principles.

■ Environmental Quality Controls: The cleanliness
or quality of air in critical compounding areas is one
factor influencing the likelihood of microbial con-
tamination. The need to control the quality of critical
operating environments dates back more than a
century, when the etiologic role of bacteria in
infection was discovered. Cleanrooms were devel-
oped to minimize or eliminate bacteria and to control

In the pharmacy using
appropriate engineering
controls (ISO Class 5 hood in
an ISO Class 8 cleanroom)

In the pharmacy using
appropriate engineering
controls (ISO Class 5 hood in
an ISO Class 8 cleanroom)

Nursing station, ambulatory
care center or at the patient
bedside without any engi-
neering controls

Low-Risk Level

Medium-Risk Level

High-Risk Level

Reconstitution of several vials of lyophilized
powder with a specific volume of sterile diluent
for transfer to a small-volume minibag or large-
volume parenteral solution one at a time

Reconstitution of several vials of lyophilized
powder with a specific volume of sterile diluent;
the resulting solution is then aggregated into an
evacuated bottle for transfer to several small-
volume minibags or large-volume parenteral
solutions

Reconstitution of a single vial of lyophilized
powder with a specific volume of sterile diluent
for transfer to a small-volume minibag or large-
volume parenteral solution

Table 1

Compounding Activity Location USP <797> Risk Level Determination
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Low-Risk Compounding

Medium-Risk Compounding

High-Risk Compounding

■ Simple admixtures compounded using closed system
transfer methods

■ Prepared in International Organization for Standardization
(ISO) Class 5 (Class 100) laminar airflow workbench (hood)

■ Located in ISO Class 8 (Class 100,000) buffer room
(Cleanroom) with ante area

■ Examples include reconstitution of single-dose vials of
antibiotics or other small-volume parenterals (SVPs),
preparation of hydration solutions

■ Admixtures compounded using multiple additives and/or
small volumes

■ Batch preparations (e.g. syringes)
■ Complex manipulations (e.g. TPN)
■ Preparation for use over several days
■ Prepared in ISO Class 5 (Class 100)
■ Located in ISO Class 8 (Class 100,000) Cleanroom with

ante area
■ Examples include pooled admixtures, parenteral nutrition

solutions using automated compounders, batch-compounded
preparations that do not contain bacteriostatic components

■ Non-sterile (bulk powders) ingredients
■ Open system transfers
■ Prepared in ISO Class 5 (Class 100)
■ Located in ISO Class 8 (Class 100,000) Cleanroom with

separate ante area
■ Examples include CSPs prepared from bulk, nonsterile

components (morphine or other narcotics) or final containers
that are nonsterile and must be terminally-sterilized
(nuclear pharmaceuticals)

the incidence of infection in hospitals (especially in
operating rooms). It was realized that by providing
proper ventilation to critical areas in hospitals, the
incidence of airborne infections could be greatly
reduced. Another observation was that the airborne
particles generated from the environment (dust, dirt,
pollen, viable and nonviable microorganisms) and
from people (skin flakes, lint, cosmetics, and respira-
tory gases) negatively influenced patient outcomes.30

Compounding areas must be routinely monitored to
determine the level of cleanliness. The appropriate
combination of work areas, “cleanrooms”, ante rooms,
LAFW (laminar airflow workbenches), or the use of
barrier-isolators to achieve desired cleanliness levels
based on risk classification and work loads need to be
determined. The costs associated with correcting or

achieving appropriate levels of cleanliness in accor-
dance with USP <797> can be significant (in the tens
of thousands of dollars). Guidance from qualified
persons who have experience and expertise with
cleanrooms should be sought prior to “fixing the
problem.” A variety of facility/engineering controls
can be employed to ensure that the proper environ-
mental controls are in place, such as installing
integrated high efficiency particulate air (HEPA)
filters in the ceiling fans, replacing current ceiling
tiles with plastic covered “clean room grade” tiles,
removing refrigerators, computers, and printers from
the compounding area, and replacing existing
flooring with seamless vinyl floor covering (e.g.,
Medintech by Armstrong).

Pharmacy Compounding-USP <797> Risk Level Assessment

Classification Requirements Yes No
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■ Process and Preparation Quality Controls:
Pharmacists and technicians must understand that
compounding processes and personnel who perform
the compounding (and whether they are following
appropriate written policies and procedures) have an
impact on the quality assurance of the final com-
pounded sterile preparation. These controls are the
cornerstone in ensuring CSP sterility and accuracy.
The desired outcome of USP <797> is being able to
determine where failures can occur in a process,
followed by implementation of methods to control
and monitor these critical points of failure, thereby
increasing the likelihood of consistently producing a
quality CSP. Quality cannot be inspected into the final
product; it must be built into CSP through process
and preparation quality controls. Many resources and
guidance documents are available and should be used
in order to better understand appropriate aseptic
techniques, process validation procedures, and
methods for end-process content accuracy, sterility,
and other quality measures.

■ Sterility and Beyond-Use Dating: Two factors are
critical in establishing beyond-use dating (formerly
known as expiration dating) for CSPs. The first is the
chemical stability of the chemical entity in solution. A
number of textbook references are available and
should be consulted to demonstrate the chemical
stability of medications in solution. The second factor
is the sterility of the CSP. By definition, sterility is the
absence of viable microorganisms in the CSP. Unlike
pyrogenicity, sterility is an absolute concept. A CSP is
either sterile or it is not. There are acceptable levels of
pyrogens permitted in CSPs although the desired goal
is to compound a pyrogen-free preparation. Since
patient injury and death following administration of
CSPs have been associated with microbial contamina-
tion, the assignment of risk levels and operating
principles outlined in USP Chapter <797> serves to
prevent CSP microbial contamination. Unless sterility

testing is performed for the CSP, the beyond-use
dating of the preparation CANNOT exceed the
published limits found in USP <797> (Table 2). If
sterility testing is performed according to USP <71>
Sterility Tests, the CSP can be assigned beyond-use
dating based on the maximum chemical stability of
the drug in solution as permitted by valid references.

■ Staff Training, Competency, and Performance:
Pharmacy administrators, pharmacists and technicians
are being asked to do more with less every day. This
vicious cycle takes a great toll on one of the most
crucial aspects of ensuring sterility and accuracy of
CSPs: formal training and periodic competency
assessment. Properly trained employees are the
foundation for ensuring that procedures are followed
correctly when compounding sterile preparations.

Compounding Accuracy and Sterility
to Ensure the Safety of Patients
There is ample evidence that improperly compounded
sterile and nonsterile preparations injure and kill pa-
tients.15–29 The references cited here are not all-inclusive
on the subject. Several state boards of pharmacy have
made significant revisions to their pharmacy practice
acts by expanding regulatory provisions for oversight of
compounding. In the United States, the practice of
compounding sterile preparations is now dictated by
requirements published as a component of the Federal
Food, Drug and Cosmetic Act. Subsequently, boards of
pharmacy, attorneys, accreditation organizations, and the
FDA may utilize and reference these requirements during
inspections, surveys, and enforcement actions.

If the profession of pharmacy continues on the path
of not looking for problems, it won’t find any. However,
the fact is that pharmacists are making errors. There have
been several studies that have demonstrated the preva-
lence of pharmacists’ compounding errors.25, 31 It is
highly probable that the incidence of vascular access

Table 2

Risk Level Room Temp Refrigeration Freezer (≤-20 °C)

Low 48 hours 14 days 45 days

Medium 30 hours 7 days 45 days

High 24 hours 3 days 45 days

Source: USP <797> Pharmaceutical Considerations: Sterile Preparations.
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device phlebitis, septicemia, and other nosocomial
infections has not been investigated by taking into
account the microbial flora in the sterile compounding
areas in pharmacies. Analyzing a potential relationship
between hospital infections and the hospital pharmacy
might result in a startling find.

Careful supervision and double-checking of calcula-
tions, measurements, and compounding are necessary to
reduce the risk of medication errors. In 2002, a study on
medication errors in hospitals revealed that serious
mistakes involving prescription drugs occur in 3% to 7%
of hospital inpatients. These findings suggest that more
than 90,000 patients are harmed by medication errors in
our nation’s hospitals each year.32

Since adverse events have not motivated significant
change in how sterile preparations are compounded,
there are three others—economics, publicity, and
regulations—that could. Examples of how these three
variables could initiate change follow:

Economics: At some point in the future, both payers
and liability underwriters may demand evidence of
compliance with the new USP chapter as a condition of
continued coverage. For instance, insurance premiums
could be increased solely on the basis that a facility
prepares sterile compounds, making it high-risk. Liability
coverage may be dropped altogether, resulting in diffi-
culty obtaining insurance. Some liability underwriters
have already begun assessing their tolerance of risk with
respect to sterile compounding in certain pharmacy
practice settings.33 Accreditation organizations will
survey pharmacies against USP Chapter <797>, and
failure to comply may potentially affect accreditation
status, subsequently limiting the ability of healthcare
organizations to bill and collect from payers.34

Publicity: When problems occur, the media attention on
such events damages the credibility of the profession and
diminishes the confidence of regulators. As a result,
additional regulatory actions by local, state and federal
authorities may restrict compounding to specialty
pharmacies and board certified pharmacists.

Regulations: Many states have changed their practice
standards in response to the national publicity of
pharmacy compounding errors. For example, Missouri
has adopted standards that are more stringent than USP
Chapter <797>. In fact, Missouri pharmacists will be
conducting end-preparation evaluation for sterility,
pyrogenicity, and potency on CSPs.

First Steps on the
Road to Compliance

■ Determine Risk Level of Compounding using Risk
Level Assessment Checklist, Chapter <797> and
professional judgment

■ Perform Gap Analysis by comparing <797> require-
ments line by line with pharmacy operational proce-
dures and facilities

■ Develop action plan for <797> compliance from
prioritized Gap Analysis (See Table 3)

■ Communicate results of Gap Analysis and Action Plan
with pharmacy staff

■ Implement non-facility requirements and revise
Policies and Procedures for CSPs, then address
changes needed for facility and equipment compli-
ance

■ Communicate action plan and demonstrated improve-
ments in patient care with staff

■ Evaluate use of alternative products and reassess
workload demands for all compounding sites

■ Document all measures of quality performance and
communicate improvements in <797> compliance with
staff, administration, and accreditation organizations

State boards of pharmacy are citing pharmacies for
failure to comply with existing sterile compounding
regulations and are assessing significant financial penal-
ties. Lawyers have successfully quoted USP/NF chapters
as evidence of standards of practice during lawsuits.34, 35

From a professional standpoint, pharmacists should do
the right thing because patients deserve our best efforts.
There is clear and compelling evidence that the old ways
of compounding sterile preparations must be changed to
meet the requirements of USP Chapter <797>. The focus
on developing, implementing, using and maintaining
good compounding practices and quality systems
continues to be critical in ensuring the health and well-
being of patients as well as the professional enrichment
of pharmacists and technicians. Now is the time for
professionals working in the practice of pharmacy
(pharmacists and technicians) to embrace the scientific
facts that good compounding practices will yield quality
preparations (accurate and sterile). This professional
responsibility—to consistently meet or exceed state
regulatory requirements when compounding sterile
preparations—can be a matter of life and death.



C O M P O U N D I N G  S T E R I L E  P R E P A R A T I O N S 7

First Steps on the Road to Compliance
Healthcare organizations that prepare CSPs may have
significant practice standard gaps relative to compliance
with USP Chapter <797> in several areas, particularly in
regards to facility and equipment needs. As a first step,
the risk level of the compounding that is being per-
formed in the pharmacy needs to be determined. Most
pharmacies perform low- and medium-risk level com-
pounding. The checklist (“Pharmacy Compounding-USP
<797> Risk Level Assessment”) shown on page 4 of this
guide can be used to identify and document the facility’s
risk level.

After the level of risk has been determined, the next
step is to determine how current pharmacy compound-
ing operations compare with those in USP Chapter
<797>. This evaluation is known as a gap analysis. To
perform a gap analysis, the requirements of <797> are
compared line by line with current practices and
operational facilities in order to identify differences or
“gaps”. The gap areas should be analyzed to identify
specific practices causing the greatest risks or differ-
ences from <797> requirements, then these gaps should
be prioritized by fiscal and human resource costs (Table
3). Developing an action plan from the prioritized gap
list identifies options for immediately improving CSP
practices, thus reducing vulnerability to microbial
contamination and inaccurate compounded preparations.

Having a completed “Pharmacy Compounding-USP
<797> Risk Level Assessment” and gap analysis can be
used to demonstrate to accreditation organizations,
boards of pharmacy and other regulatory authorities that
current operating deficiencies are understood and
corrective action is being taken to achieve compliance.
The immediate corrective action plan should address all
non-facility, low-cost requirements identified during the
gap analysis. Revised policies and procedures should
reflect actual day-to-day operations and practices, such
as handwashing, gloving and gowning, didactic and skill-
based training and competency of staff, aseptic tech-
nique media fill validation, proper housekeeping (clean-
ing and sanitizing), and microbial environmental moni-
toring. Non-facility issues can be addressed immediately
after gap analysis and require little more than time,
attention and vigilance. Large capital expenditures may
require more time and planning to secure approval. By
focusing on positive communication with pharmacy staff
of improved quality and patient-care outcomes resulting
from <797> requirements, procedural changes can be
successfully achieved, establishing employee ownership
and buy-in to change old habits.

 Another effective means of reducing the level of risk
for CSPs is the use of alternative products or product
configurations, such as manufacturer ready-to-use
premixed medications and unit-of-use closed transfer
packaging (Minibag Plus® and Add-Vantage®). Pharma-
cists can reassess compounding demands based on risk-
level requirements and by consolidating workloads from
point-of-care locations (main pharmacies versus satellite
pharmacies). Questions such as “Could compounding
responsibilities be centralized as a means of reducing
costs (employee competency, facility requirements) and
medium- or high-risk levels (eliminate or minimize
decentralized compounding)?” need to be asked. In
addition, all aspects of compounding sterile preparations
need to be considered during the <797> compliance

Table 3

Impact to Relative
USP <797> Quality Domains CSP Quality Cost

Compounding Conditions N/A N/A

QA Program ++++ $$

QA Practices ++++ $

Reports/Documents ++++ $

Outcomes (ADR) Monitoring +++ $$

Patient Training ++++ $$

Maintaining Product Quality
& Control ++++ $$$

Storage & Beyond Use Dating +++ $$

Finished Product Release Checks
& Tests ++++ $$

CSP Work Environment +++ $$$$

Equipment and Supplies ++++ $$

Components ++++ $

Processing: Aseptic Technique ++++ $

Environmental Control +++ $

Verification Processes

Sterility Testing +++ $$$

Environmental Monitoring ++++ $$

Personnel Training and Education ++++  $$

Used with permission from Clinical IQ.
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evaluation, including personnel time, equipment and
facility options (cleanrooms vs. barrier-isolators) for the
central pharmacy, satellite pharmacies, clinics, procedure
rooms, and nursing work stations.

The advice of W. Edwards Deming, one of the world’s
top quality experts, can be applied to compounded
sterile preparations. Deming created the 85/15 Rule, a
concept that attributes 85% of organizational problems
to system failures, and 15% to human factors. Systems
failures include poor or nonexistent plans, procedures,
measurable performance criteria, and work processes.
Deming and others established that the potential to
eliminate mistakes and errors in the workplace lies
mostly in improving the systems through which work is
done, not in blaming the individual workers.  These
observations have evolved into the “rule of thumb” that
approximately 85% of work problems can be corrected
by changing the work system and less than 15% can be
corrected by changing individual workers.  Current
research now indicates that the percent ratio leans even
farther towards the system component.  The rule might
be restated as “95/5” or perhaps “97/3”.  Dr. Deming,
through his famous Red Bead Experiment, proved that
the only way to improve a product or service is for
management to improve the system that creates that
product or service.36  Theodore Roosevelt’s words also
apply. Roosevelt said, “In any moment of decision, the
best thing you can do is the right thing. The worst thing
you can do is nothing.”

USP Chapter <797> Summary
The following points highlight each of the major areas
within USP Chapter <797>. These summaries should not
serve as a substitute for the actual text of the USP
chapter. It is imperative that this chapter be purchased
from USP, either in stand-alone format or as a component
of the new USP 27/NF 22. It is strongly encouraged that
the entire USP 27/NF 22 reference book be purchased
since several other important chapters are referenced in
Chapter <797>.

Introduction
The definition of sterile compounding is placed in the
introduction and is clearly different than nonsterile
compounding, which falls under USP Chapters <795>,
Pharmaceutical Considerations-Nonsterile Preparations
and <1075>, Good Compounding Practices. The intent of
Chapter <797> as written in the introduction is “to
prevent harm and fatality to patients that could result
from microbial contamination (nonsterility), excessive
bacterial endotoxins, large content errors in strength of

correct ingredients, and incorrect ingredients in CSPs.” It
is important to realize that this chapter applies to all
healthcare settings where sterile preparations are
compounded. The introduction also provides the defini-
tion of a CSP (compounded sterile preparation). Accord-
ing to Chapter <797>, a CSP is a dosage unit with any of
the following characteristics:

■ Preparations prepared according to manufacturer’s
labeled instructions

■ Preparations containing nonsterile ingredients or
employing nonsterile components and devices that
must be sterilized before administration

■ Biologics, diagnostics, drugs, nutrients, and
radiopharmaceuticals that possess either of the above
two characteristics and which include, but are not
limited to, baths and soaks for live organs and tissues,
implants, inhalations, injections, powder for injection,
irrigations, metered sprays and ophthalmic and otic
preparations

The introduction to Chapter <797> also discusses
the three risk level classifications for CSPs, based on the
potential for microbial, chemical and physical contamina-
tion (including low, medium and high-risk level com-
pounding conditions).

Responsibility of Compounding Personnel
This section of the chapter details the responsibility of
personnel involved in compounding sterile preparations.
It states that “compounding personnel are responsible
for ensuring that CSPs are accurately identified, mea-
sured, 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. It further
discusses the responsibilities of the compounding
supervisor to ensure:

a. Personnel are adequately educated, instructed, and
skilled to perform their functions

b. Ingredients have correct identity, quality, amount

c. Open/partial containers are properly stored

d. Bacterial endotoxins are minimized

e. Proper and adequate sterilization is used

f. Equipment is clean, accurate, and appropriate

g. Potential harm from added substances is evaluated
prior to dispensing
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h. Packaging is appropriate for sterility and stability

i. Compounding environment maintains the sterility of
presterilized items

j. Labels are appropriate and complete

k. Beyond-use dates are appropriate and based on valid
scientific criteria

l. Correct compounding procedures are used

m. Deficiencies in compounding can be rapidly identi-
fied and corrected

n. Compounding is separate from quality evaluation

Microbial Contamination Risk Levels
This section defines the three different microbial
contamination risk levels. It is important to realize that
the determination of compounding risk levels is the
responsibility of the compounder. The chapter was
written in the broadest terms using general descriptive
states; therefore, no single “iron-clad” determination of
risk exists with respect to practice settings or com-
pounding procedures. Risk level classification in <797>
is, in general, not prescriptive, with one exception: CSPs
prepared from bulk, nonsterile components will always
be a high-risk level procedure. Ultimately, assigning the
appropriate risk level to a CSP requires the professional
judgment of the pharmacist. Microbial contamination
risk levels are defined as follows:

Low-Risk Level
■ CSPs compounded from sterile commercial drugs

using commercial sterile devices

■ Compounding occurs in ISO Class 5 (formerly known
as Class 100) environment at all times

■ Compounding procedures involves only a few closed-
system basic, simple aseptic transfers and manipula-
tions

■ Routine disinfection and air quality testing to main-
tain ISO Class 5 occurs

■ There is adequate personnel garb for sterile prepara-
tion

■ A review for correct identity and amounts of compo-
nents occurs before and after compounding

■ There is a final visual inspection of each sterile
preparation

■ Annual media-fill test procedure for each person who
compounds is performed to validate proper aseptic
technique

Medium-Risk Level
■ Involves using multiple pooled sterile commercial

products for multiple patients or one patient multiple
times (batched antibiotics or other small volume
parenterals)

■ Involves complex aseptic manipulations (TPN or
other multiple-ingredient CSPs)

■ Compounding occurs over a prolonged period of
time (complex procedures)

■ No bacteriostatic agents are added to the preparation
and it is administered over several days (chemo-
therapy or pain management administered via
infusion device)

■ Quality assurance procedures include all steps for
low-risk level

■ Requires more challenging annual media-fill evalua-
tion of compounding personnel technique that
simulates the most challenging or stressful conditions

High-Risk Level
■ Prepared from non-sterile ingredients

■ Preparation from sterile ingredients but exposed to
less than ISO Class 5

■ More than 6-hour delay from compounding to
sterilization

■ Purity of components is assumed but not verified by
documentation

■ Quality assurance procedures include all steps for
low-risk level

■ Requires a semiannual media-fill evaluation of com-
pounding personnel technique that simulates the
most challenging or stressful conditions using dry
nonsterile media verification of compounding
personnel technique

■ Requires simulation of each high-risk level com-
pounding sterilization process using dry nonsterile
media verification

Verification of Compounding Accuracy
and Sterilization
The quality (sterility and accuracy) of the CSP is directly
related to ensuring that methods used to compound the
sterile preparation achieve the desired goal of purity,
potency and sterility. CSPs that require some form of
terminal sterilization, either by filtration, steam or
ionizing radiation have to be validated to ensure that
each CSP is void of microbial contamination. There must
be proof that the CSP is accurate and sterile.
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Personnel Training and Evaluation in Aseptic
Manipulation Skills
It is important to realize that many pharmacists and
technicians have little or no didactic training in the area
of sterile compounding. This section of the chapter
requires that all personnel be properly trained by the
following means:

■ Prior to commencing any compounding, perform
thorough didactic instruction in the theory and
practice of sterile preparations, with evaluation of
technique annually (for low- and medium-risk level)
and semiannually (for high-risk level)

■ Compounder evaluations should include a formal
written exam and practical evaluation of aseptic
technique using growth media (media fills)

Environmental Quality and Control
This section of the chapter specifies in great detail the
physical plant and environmental requirements for each
of the CSP risk levels. These requirements include:

■ The need for laminar airflow workbenches (LAFW)
and cleanrooms or barrier isolators

■ The compounding area must be separated from the
general pharmacy and must be a controlled (particle,
temperature, humidity) environment.

■ Must have an ISO Class 5 (formerly Class 100)
environment for critical area where CSP is exposed to
air in physical environment

■ Must have an ISO Class 8 (formerly Class 100,000)
environment for buffer zone or cleanroom (the terms
cleanroom and buffer zone are interchangeable)

■ There must be detailed cleaning and sanitizing
procedures in order to maintain the cleanliness of the
compounding environment.

■ Compounding personnel must be properly garbed
according to the risk level of compounding.

■ There must be written, properly-approved policies
and procedures for the activities that occur in the
compounding environment.

■ Environmental monitoring must be routinely per-
formed in order to prove that the compounding
environment is properly maintained. There must be
documentation to prove control.

Processing
This section calls for a written employee-training and
evaluation program specific to preparation of the CSP in
each healthcare setting to ensure that compounding

personnel are knowledgeable and properly trained. As
discussed previously in this guide, training is the corner-
stone of ensuring quality and safety of CSPs.

Verification of Automated Compounding
Devices (ACDs) for Parenteral Nutrition
Compounding
The complexity in preparing parenteral nutrition can be
aided with automated compounding devices. It is
important to recognize that in order for these devices to
accurately deliver the desired volume of ingredients,
users must be adequately trained, and the ACDs must be
properly calibrated, setup (correct solution containers
hung on the correct solution inlet tubing), verified and
maintained. This section of the chapter details suggested
procedures on ensuring the accuracy and precision of
ACDs.

Finished Preparation Release Checks
and Tests
All finished CSPs must be checked by a pharmacist prior
to dispensing to ensure that the preparation is sterile and
accurate. There are several methods that can be em-
ployed to meet this requirement. They include:

■ Physical visual inspection for preparation integrity
(e.g. absence of cores, other particulate matter, phase
changes, and discoloration).

■ Verification of compounding accuracy conducted by
someone other than the compounder to ensure
proper measurement, reconstitution, and component
usage.

■ High-Risk Level CSPs in groups of >25 must be tested
according to USP Chapter <71> Sterility Test and
<85> Bacterial Endotoxin test.

■ Low- and Medium-Risk Level CSPs that exceed the
USP chapter guidelines for beyond-use dating (for-
merly referred to as expiration dating) must be tested
according to USP Chapter <71>.

Storage and Beyond-Use Dating
In many healthcare settings, CSPs are often prepared in
anticipation of use and as such may be stored for extended
periods of time. This section of the chapter focuses on
the microbiological limits of CSPs based on risk level and
duration of storage. When a CSP is stored for a prolonged
period of time prior to use, there is potential for micro-
bial growth and pyrogen formation. As mentioned earlier
in the discussion guide, two components—chemical
stability and microbial sterility—are described.
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■ Microbiological limits based on risk level
(See Table 2)

■ Chemical stability limits obtained from literature or
testing using validated equipment (e.g. HPLC, TLC and
Flame Spectrophotometry)

■ USP Chapter <795> provides guidance for instances
where bulk nonsterile components do not have
expiration dates.

■ Solids and nonaqueous liquids—25% of the remaining
expiration period or 6 months (whichever is less)

■ USP bulk nonsterile components (Alum)—no more
than (NMT) 6 months.

■ Aqueous formulations—14 days refrigerated

■ All Others—NMT 30 days or intended duration of
therapy

Maintaining Product Quality and Control After
the CSP Leaves the Pharmacy
Pharmacists are responsible for ensuring that CSP quality
and integrity are maintained during transit and regardless
of physical location within the health system (hospital,
home or ambulatory infusion center). This responsibility
includes the use of appropriate packaging (coolers, wet
ice blocks, dry ice) that is capable of maintaining proper
temperature and conditions (refrigerated or frozen state)
during shipment via common carrier (FedEx, UPS, or
USPS). Quality control responsibilities during transit also
include the delivery of CSPs within a healthcare organi-
zation via courier or pneumatic tube system. Specific
considerations in the following subsections are also
covered:

■ Packaging, Handling and Transport

■ Use and Storage

■ Administration

■ Redispensed CSPs

■ Education and Training

■ Packing CSPs for Transit

■ Storage in Locations Outside CSP Facilities

Patient or Caregiver Training
It is crucial that the patient or caregiver (e.g. nurse,
physician, spouse, and parent) clearly understands how
to store, administer and dispose of the CSP at all times. A
formal training program is required to ensure that all
persons involved in the handling and use of the CSP are
knowledgeable and properly trained.

Patient Monitoring and Adverse Events
Reporting
A key component in the pharmaceutical care delivery
model is monitoring the patient’s response (appropriate
and adverse) to therapy. This section focuses on ensuring
that patients are clinically monitored when receiving
CSPs. Also required is the provision of an effective
feedback mechanism for patients and caregivers to
report concerns regarding CSPs or administration
devices. Review and evaluation of adverse event reports
can serve as a quality indicator to improve patient care.

Quality Assurance Program
Many of the elements of USP Chapter <797> focus on
formalizing the policies, processes and procedures used
in preparing CSPs. One element of quality that may not
be routinely performed in pharmacies is documentation,
or written “proof” that compounding personnel are
trained, equipment is being maintained and calibrated
routinely, the compounding environment is being
properly maintained and tested, and CSPs are prepared
using the correct components in the correct ratios/
volumes. The essence of quality assurance is proving that
you are really doing what you say you are doing.
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