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Pharmacy compounding of high-risk level  
products and patient safety

Tamira Mullarkey

Purpose. Issues surrounding pharmacy 
compounding as well as patient safety 
concerns surrounding compounding of 
high-risk level products are discussed.
Summary. The practice of traditional 
pharmacy compounding is an established 
activity of pharmacists that serves a vital 
function to meet the prescribed medical 
needs of individual patients. However, le-
gal and regulatory debate concerning the 
oversight of pharmacy compounding has 
arisen in recent decades, driven mostly by 
patient harm that has occurred as a result of 
compounding errors or deceptive practices. 
Federal and state government agencies and 
professional organizations have reported 
errors in pharmacy compounding, including 
subpotent and contaminated products that 
have caused patient harm. The United States 
Pharmacopeia (USP) chapter 797 serves to 
protect patients by requiring best practice 
and quality standards for the safe prepara-
tion and handling of compounded sterile 
preparations (CSPs). High-risk level CSPs 
pose the greatest risk to patients since non-
sterile ingredients or containers are used, 
which mandates final product sterilization 
prior to dispensing. Pharmacists should 
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understand and comply with federal, state, 
and USP chapter 797 requirements when 
preparing CSPs, particularly high-risk level 
CSPs. Professional pharmacy organizations, 
such as the American Society of Health-
System Pharmacists (ASHP) and the National 
Association of Boards of Pharmacy (NABP), 
continue to support the practice of tradi-
tional pharmacy compounding through 
their guidelines, with patient safety as a 
central theme.
Conclusion. Until the regulatory debate 
is resolved, pharmacists engaged in phar-
macy compounding, particularly in the 
preparation of high-risk level CSPs, should 
remain competent in their skills and 
practice in accordance with federal, state, 
and USP chapter 797 requirements and, 
thereby, protect patients and the profes-
sionalism of pharmacy.

Index terms: Compounding; Contamina-
tion; Control, quality; Errors, medication; 
Guidelines; Organizations; Pharmacists; 
Pharmacy; Regulations; Sterile products; 
Sterilization; Toxicity
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In the United States, the boundary 
between medicine and pharmacy 
began to emerge during the 1800s.1 

Previously, physicians were inclined 
to combine the practice of medicine 
and pharmacy in their offices, homes, 
or doctor’s shops.1 When physician 
training transitioned from precep-
torships to experiential learning in 
hospitals and clinics, the practice of 
writing prescriptions began. Specially 
trained chemists and druggists who 
staffed apothecaries became almost 
exclusively responsible for preparing 
and dispensing medications. Today, 
compounding, or the preparation of 
customized dosage forms for the spe-
cific problems of individual patients, 
remains a unique science and art of 
pharmacy practice.1

Despite advances in the practice of 
pharmacy during the 1800s, the U.S. 
drug market remained largely un-
regulated and chaotic.2 Inconsisten-
cies in compounded medications and 
compounding techniques existed.1 
Peddlers with traveling medicine 
shows sold elixirs and herbal rem-
edies made with secret ingredients 
such as liquor, mercury or arsenic.2 
To strengthen the professionalism of 
pharmacy and to circumvent patient 
harm, pharmacy societies and as-

sociations were founded, and federal 
government intervention intensified.1 
With the passage of the Pure Food 
and Drug Act to protect consumers, 

the Food and Drug Administration 
(FDA) was established in 1906.3

A growth in drug manufacturing 
by the pharmaceutical industry be-
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gan after World War II and tradition-
al compounding by pharmacists de-
clined significantly.1,4 Approximately 
75% of prescriptions filled in the 
United States during the 1930s re-
quired some form of compounding, 
compared with more recent estimates 
of 1–8% of prescriptions annually.1,4 
Within the last 30 years, a resurgence 
in pharmacy compounding of cus-
tomized drug preparations has 
occurred, perhaps motivated by a 
shift towards pharmaceutical care 
services that improve patient out-
comes and quality of life.4 In addi-
tion, reductions in hospital length 
of stay began to occur in 1983 with 
the passage of Medicare’s prospec-
tive pricing system for hospital 
inpatient reimbursement based on 
diagnostic-related groups.5 Con-
sequently, the numbers of patients 
receiving care from clinic-based 
services and home infusion services 
increased, leading to expansion in 
the preparation of compounded 
sterile preparations (CSPs) by 
home infusion services or special-
ized compounding pharmacies.

While pharmacy compounding is 
inherent to the profession of phar-
macy, often providing an important 
mechanism to improve patient care, 
debate has arisen concerning its legal 
status and risk to patients, particu-
larly if performed inappropriately. 
Several adverse events or errors asso-
ciated with pharmacy-compounded 
formulations have been reported 
since 2000, often resulting in patient 
harm and, at times, legal action.4,6-11 
When compared with compounded 
nonsterile preparations, the prepa-
ration of CSPs is associated with 
greater risk to patients. Therefore, 
organizations such as the United 
States Pharmacopeia (USP) and the 
American Society of Health-System 
Pharmacists (ASHP) have provided 
guidance for the preparation of 
CSPs.12 Compounding pharma-
cists must remain diligent in their 
compounding skills and decisions 
related to compounded formula-

tions, particularly in the preparation 
of high-risk CSPs, which pose the 
greatest risk to patients. In addi-
tion to practice skills, compounding 
pharmacists must understand the 
legal and regulatory implications 
associated with the preparation of 
high-risk CSPs in order to protect 
both patient welfare and profession-
alism of pharmacy.

Definitions 
Under Section 510(g) of the Fed-

eral Food, Drug and Cosmetic Act 
(FDCA) of 1938, which replaced the 
Pure Food and Drug Act of 1906, reg-
istration as producers of drugs and 
devices (i.e., manufacturers) does not 
apply to:

 “. . . pharmacies which maintain 
establishments in conformance with 
any applicable local laws regulat-
ing the practice of pharmacy and 
medicine and which are regularly 
engaged in dispensing prescription 
drugs or devices, upon prescriptions 
of practitioners licensed to adminis-
ter such drugs or devices to patients 
under the care of such practitioners 
in the course of their professional 
practice, and which do not manufac-
ture, prepare, propagate, compound, 
or process drugs or devices for sale 
other than in the regular course of 
their business of dispensing or selling 
drugs or devices at retail.” 13

Under this provision, traditional 
compounding by pharmacists is 
exempt from the FDCA require-
ments for manufacturers, including 
manufacturer licenses and regulations 
regarding current Good Manufactur-
ing Practices (cGMPs). Pharmacies 
that repackage, change the original 
container, or alter the labeling of 
any medication for distribution to 
individuals other than the ultimate 
user (i.e., patients) are defined as 
and should register as manufacturers 
(FDCA Section 510[a][1]).13 While 
FDA regulates manufacturing through 
the FDCA, its jurisdiction over profes-

sional practice (i.e., compounding) 
is deferred to state authorities, unless 
misbranding or adulteration occurs.4 
Controversy exists over when com-
pounding has crossed the boundary 
into manufacturing.4

FDA has defined compounding as 
“the combining, mixing, or altering 
of ingredients to create a customized 
medication for an individual patient 
in response to a licensed practitio-
ner’s prescription. Compounding 
does not generally include mixing or 
reconstituting commercial products 
in accordance with the manufac-
turer’s instructions or the product’s 
approved labeling.”14 FDA states that 
traditional compounding typically 
occurs when an FDA-approved drug 
is unavailable or when a licensed 
health care professional determines 
that an FDA-approved drug is not 
appropriate for a patient’s medi-
cal need.15 FDA regards virtually all 
compounded drugs as unapproved 
new drugs. However, FDA recognizes 
the importance of traditional com-
pounding and directs its enforcement 
activity only to those pharmacies 
engaged in large scale manufacture 
of unapproved new drugs under the 
guise of traditional compounding.15

To strengthen the practice of com-
pounding and to promote profes-
sionalism, pharmacy organizations 
have published definitions of com-
pounding (Table 1).16-19

Sterile compounding differs from 
nonsterile compounding primar-
ily because maintenance of steril-
ity is required when compounding 
exclusively with sterile ingredients 
and components and the achieve-
ment of sterility is required when 
compounding nonsterile ingredients 
and components.19  Standards for 
sterile compounding include Inter-
national Standards Organization 
(ISO)-classified air environments, 
personnel garbing and gloving, per-
sonnel training and testing in aseptic 
manipulation, environmental qual-
ity specifications, and disinfection of 
gloves and surfaces.  All CSPs must be 
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Table 1.
Definitions of Compounding from Professional Pharmacy 
Organizations

Organization Publication Definition Of Compounding

ASHP Guidelines on Quality 
Assurance for Pharmacy-
Prepared Sterile Products

Model State Pharmacy Act and 
Model Rules

The United States Pharmacopeia

American Society of Health-
System Pharmacists (ASHP)

National Association of Boards of 
Pharmacy (NABP)

United States Pharmacopeia (USP)

“The mixing of ingredients to prepare a medication for 
patient use [including] dilution, admixture, repackaging, 
reconstitution, and other manipulations of sterile 
products.”16

“The preparation of components into a drug product (1) as 
the result of a practitioner’s prescription drug order based 
on the practitioner–patient–pharmacist relationship in the 
course of professional practice, or (2) for the purpose of, or 
as an incident to, research, teaching, or chemical analysis 
and not for sale or dispensing. Compounding includes 
the preparation of limited amounts of drugs or devices in 
anticipation of receiving prescription drug orders based on 
routine, regularly observed prescribing patterns.” 17

Compounding differs from manufacturing through “the 
existence of specific practitioner–patient–compounder 
relationship, the quantity of medication prepared in 
anticipation of receiving a prescription or a prescription 
order, and the conditions of sale, which are limited to 
specific prescription orders.”18 The finished preparation 
must be dispensed in accordance in compliance with 
Boards of Pharmacy and other regulatory agency 
requirements. Sterile compounding requires the 
maintenance of sterility and stratifies products by potential 
risk for microbial, chemical, and physical contamination.19 
Mixing and reconstitution of products in accordance to 
manufacturer instructions are subject to USP sterility 
requirements. 

prepared in ISO Class 5 or better air 
quality conditions.

CSPs may be classified as low-
risk, medium-risk, or high-risk.19 
Low-risk CSPs are simple admixtures 
compounded using closed system 
transfer methods. Examples of low-
risk CSPs include single-volume 
transfers of sterile dosage forms from 
ampuls, bottles, bags, or vials, using 
sterile syringes with sterile needles. 
Medium-risk CSPs are admixtures 
compounded using multiple addi-
tions or small volumes and may be 
used for batch preparations (e.g., 
transfer into syringes) or may in-
volve complex manipulations (e.g., 
total parenteral nutrition).  High-risk 
CSPs incorporate nonsterile ingredi-
ents (e.g., bulk powder) or involve 

open system transfers. One example 
of a high-risk CSP is dissolving 
nonsterile bulk drug and nutrient 
powders to make solutions that will 
be terminally sterilized.

Regulatory oversight of 
compounding: Legal debate

Since pharmacies are registered 
and licensed by their respective state 
boards of pharmacy, compound-
ing is regulated by state government 
agencies.4 According to the FDCA, 
FDA enforcement is limited to 
manufacturers, unless adulteration 
or misbranding occurs.4 With the re-
surgence of pharmacy compounding 
in recent decades, controversy over 
FDA regulation of compounding has 
intensified.

In 1990, FDA, acting as public 
health advocates, issued an alert in 
response to concern over patient 
injuries associated with compound-
ing and batch preparation of sterile 
products by pharmacies.4 Although 
traditional compounding was not 
discouraged by the letter, pharmacy 
organizations became concerned 
that FDA intended to eliminate the 
right of pharmacists to compound 
medications.20 To clarify its position, 
FDA published its first Compli-
ance Policy Guide (CPG), Section 
7132.16, in March 1992, much of 
which was codified in 1997 by the 
FDA Modernization Act (FDAMA), 
which amended the FDCA (Section 
503A).20 The law attempted to clarify 
activities of compounding versus 
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manufacturing and supported FDA’s 
historic exemption of traditional 
compounding from cGMPs and 
the misbranding and adulteration 
provisions of the FDCA. However, 
the law disagreed with FDA’s long-
standing position that compounded 
drugs are “new drugs”, and thereby 
repealed FDA’s authority to regulate 
pharmacies engaging in compound-
ing as manufacturers. In 2002, 
the Supreme Court in Thompson 
v. Western States Medical Center,  
No. 01-344, agreed with the Court 
of Appeals for the Ninth Circuit that 
Section 503A prohibitions on phar-
macy compounding advertisement 
and promotion (i.e., commercial 
speech) were unconstitutional.21 
Since the inseverability of the ad-
vertising provisions from Section 
503A (as determined by the Court 
of Appeals) was not challenged, Sec-
tion 503A was in effect invalidated 
by the Supreme Court decision. 
This decision returned pharmacy 
compounding to an activity that is 
neither clearly federally regulated 
nor unregulated. 

After the Supreme Court deci-
sion, FDA drafted the revised CPG 

(Section 460.200) in May 2002, 
to provide guidance on the types 
of compounding subject to FDA 
enforcement action.22 FDA contin-
ues to recognize the adulteration 
and misbranding exemptions of 
traditional pharmacy compound-
ing. However, FDA maintains that 
while a compounded drug is exempt 
from manufacturing requirements, it 
could still be considered a new drug, 
especially since Section 503A is now 
invalid. This contention has resulted 
in legal challenges of FDA jurisdiction 
over pharmacy compounding (Table 
2).23-25 The most recent ruling in 
Medical Center Pharmacy v. Mukasey, 
No. 06-51583, has resulted in a split 
decision in the circuit courts, a matter 
which may be brought to the Supreme 
Court.

The proposed Safe Drug Com-
pounding Act of 2007 aimed to 
amend the FDCA to provide safe and 
appropriate compounding of drugs 
by licensed pharmacists and physi-
cians.26,27 Many of the provisions of 
the Act seemed to reflect key ele-
ments of Section 503A, without the 
breach of commercial free speech. 
However, the bill has yet to be intro-

U.S. Supreme Court ruling that certain provisions of Section 503A of the FDCA placed 
unconstitutional restrictions on commercial free speech under the First Amendment. 
This decision, in effect, invalidated Section 503A as ruled by a lower Court of Appeals 
(Ninth Circuit).

Court of Appeals (Third Circuit) found that compounding pharmacies are not exempt from 
FDA inspections, and FDA can use the 2002 CPG and pharmacy prescription volume to 
gauge a compounding pharmacy’s eligibility of exemption from inspections.

District Court for the Western District of Texas ruled that compounded drugs are “implicitly 
exempt” from the FDCA new drug provision; the decision was appealed.

Court of Appeals (Fifth Circuit) rejected District Court for the Western District of Texas and 
ruled that compounded drugs are subject to FDA regulations, unless qualifying FDCA 
exemptions for compounded drugs are met. Additionally, the advertising prohibitions 
in Section 503A of the FDCA can be severed leaving the remaining parts of Section 503A 
valid.b

Table 2.
Court Rulings on FDA Jurisdiction over Compoundinga

Court Case Summary of Major Rulings

Thompson v. Western States Medical Center21

Wedgewood Village Pharmacy, Inc., in the 
Matter of Establishment Inspection of: 
d/b/a Wedgewood Pharmacy v. United 
States of America23

Medical Center Pharmacy v. Gonzales24

Medical Center Pharmacy v. Mukasey25

aFDA = the Food and Drug Administration, FDCA = Federal Food, Drug, and Cosmetic Act, CPG = Compliance Policy Guide. 
bFDA will follow the court’s decision in the Fifth Circuit while following 2002 CPG enforcement elsewhere.

duced, and the likelihood of its pas-
sage is unclear.27

Advocacy for and benefits of 
pharmacy compounding

FDA recognizes the importance 
of traditional compounding, which 
is defined in the 2002 CPG as ex-
temporaneously compounded and 
manipulated drugs in reasonable 
quantities upon receipt of a valid 
prescription for an individual patient 
from a licensed practitioner.22

The International Academy of 
Compounding Pharmacists (IACP), 
a nonprofit advocacy organization 
for compounding pharmacists, 
states that the use of a compound-
ed drug should be based on the 
patient–physician–pharmacist re-
lationship.28 According to the IACP, 
reasons to prescribe a compounded 
medication instead of a manufac-
tured medication for human use 
may include the unavailability of 
an FDA-approved medication due 
to discontinuation or shortages; 
patient contraindications to specific 
ingredients; the need for tailored 
dosage strengths (e.g., for use in in-
fants) or dosage forms (e.g., creams, 
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liquids); to improve adherence; and 
to improve palatability through fla-
vor additives.28

The positions of both FDA and 
IACP seem to possess one central 
theme—to provide effective phar-
maceutical care while protecting the 
safety of patients and the practice of 
traditional pharmacy compounding.

Issues surrounding pharmacy 
compounding

Activities of compounding phar-
macists. With the resurgence of 
pharmacy compounding in recent 
decades, questions have arisen about 
the motivation of compounding 
pharmacies and the safety of com-
pounded drugs, particularly with 
CSPs. Prohibited activities by com-
pounding pharmacies, as described 
in FDA’s 2002 CPG, include the use 
of large quantities of bulk drug sub-
stances to prepare large quantities 
of drugs in anticipation of receiving 
prescriptions; the sale of prepared 
drugs to physicians and patients 
with whom only a remote relation-
ship exists; the use of commercial 
scale manufacturing equipment for 
compounding; and the preparation 
of products that are essentially cop-
ies of commercially available FDA-
approved drugs.22 

Pharmacists engaging in practices 
more similar to manufacturing and 
large-scale drug distribution than 
those of traditional compounding 
without the more stringent oversight 
required for pharmaceutical manu-
facturers (i.e., cGMPs) may result 
in inferior preparations, ineffective 
treatments, regulation noncompli-
ance, malpractice, and patient harm. 
While FDA conducts roughly 3,500 
annual inspections of manufacturers 
to ensure cGMPs are being met,29 
the number of compounding phar-
macy inspections by state authori-
ties is not well documented. The 
risk of patient harm associated with 
high-risk level CSPs could be greater 
due to deviations in sterility assur-
ance, final product concentrations, 

or stability accuracy since ineffective 
oversight of pharmacy compound-
ing may exist.

Quality of CSPs. Aseptic ma-
nipulations of CSPs usually result 
in a greater risk of contamination 
and lower sterility assurance levels 
(SALs) than those associated with 
manufactured products. As estab-
lished by cGMPs, terminal steril-
ization of manufactured products 
typically results in a SAL of less than 
10–6 (i.e., the risk of viable microor-
ganisms is one in one million).30 In 
contrast, the extensive aseptic ma-
nipulations required during pharma-
cy compounding of high-risk level 
CSPs may result in a SAL of 10–3 (i.e., 
the risk of viable microorganisms is 
one in one thousand).31

Concentration deviations in CSPs 
of drugs with narrow therapeutic 
ranges could greatly affect clinical 
outcomes (e.g., the occurrence of 
toxicity symptoms, loss of clinical 
effectiveness). Additionally, if verifi-
cation of compounding accuracy of 
CSPs is insufficient, drug concentra-
tion variations among CSP batches 
could result in fluctuations of pa-
tient response to therapy over time.  
cGMPs require the evaluation of de-
contaminated manufactured prod-
ucts for uniform distribution of 
defined concentrations.30

Although articles describing the 
chemical stability of CSPs are often 
based on well-conducted studies, the 
data cannot be extrapolated to con-
centrations or time periods beyond 
those studied. Generally, minimal 
direct data are available for CSPs 
in terms of the effect on stability of 
sterile containers, product handling 
during storage and shipment, and in 
vivo, particularly for long-term infu-
sions. Conversely, cGMPs for a man-
ufactured product require extensive 
stability testing on product quality, 
purity, and strength under a variety 
of environmental conditions during 
the product’s shelf life.32 Clinical tri-
als during the FDA-approval process 
for a manufactured product validate 

its in vivo stability and effectiveness. 
However, cGMPs govern the produc-
tion of a manufactured product prior 
to reconstitution or dilution. There-
fore, the quality of commercially 
available products requiring such 
manipulations before administration 
depend on the technique and skill of 
the individual responsible for these 
tasks.

Therapy management issues. 
Therapy management could also be 
complicated when a compounded 
CSP is used instead of a manufactured 
product. Third party reimbursement 
may be rejected, depending on the in-
surer’s policies, or insurance fraud can 
occur if inappropriate codes or drug 
identification numbers are knowingly 
documented. The mechanism for re-
porting medication errors associated 
with compounding, such as through 
FDA’s MedWatch program, is unclear, 
which may contribute to a lack of re-
porting and a lack of dissemination 
of adverse event information. Tech-
nical support from manufacturers 
of devices (e.g., infusion pumps) or 
drug information from manufactur-
ers of the equivalent FDA-approved 
product may not be applicable. 
Informed patient consent and physi-
cian authorization for use of CSPs, 
which requires diligent education 
and communication, should be con-
sidered to avoid negligence.

FDA survey results and CPGs. 
Concern over an increase in number 
of reports of problems and recalls 
related to compounded products led 
FDA to conduct a limited survey of 
compounded products from 12 retail 
pharmacies across the United States 
in 2001.14 The goal of the study was 
to assess the quality, purity, and po-
tency of compounded drugs ordered 
over the Internet. While 37 products 
were identified for analytical testing, 
only 29 products were tested; eight 
products were excluded from the 
analysis because either a commercial 
version was supplied in place of the 
compounded product or the prod-
ucts were not supplied in sufficient 
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time for testing. The dosage forms 
included nonsterile products (i.e., for 
inhalation or oral use) and CSPs (i.e., 
pellet implants, ophthalmics, and in-
jectables). Five of the 29 tested prod-
ucts did not have expiration dates 
listed on their labels. Ten products 
(34%) failed one or more standard 
quality tests. Nine products failed 
assay (potency) testing, ranging from 
only 59% to 89% of expected poten-
cy, and one injectable product failed 
limulus amebocyte lysate bacte-
rial endotoxin testing. The analytical 
testing failure rate for commercially 
manufactured products at the time 
of the survey was less than 2% for 
all tests and approximately 0.1% for 
potency testing.33 FDA concluded 
that the analytical testing failure rate 
(34%) was higher than expected 
despite the limitations of the survey 
(i.e., small sample size, inability of 
repeat collection and analyses).14

Due to the 2001 survey results 
and to fill the void left by invalida-
tion of Section 503A of the FDCA, 
FDA published CPG Section 460.200 
in May 2002, which still guides 
FDA action today.22 The 2002 CPG 
verifies that drugs compounded by 
pharmacists in reasonable quanti-
ties, pursuant to valid prescriptions, 
and for individual patients are not 
subject to FDA enforcement. Guid-
ance from and enforcement by FDA 
is directed at activities typically as-
sociated with manufacturing and 
result in violations of the new drug, 
adulteration, or misbranding provi-
sions of the FDCA. While FDA defers 
less significant violations of the 2002 
CPG to state authorities, significant 
violations of delineated restricted 
activities are subject to enforcement 
action by the FDA.

Between 1990 and 2005, FDA 
learned of at least 240 serious ill-
nesses and deaths associated with 
improperly compounded products.15 
FDA stated that since adverse event 
reporting to FDA by pharmacists 
is not mandated, additional unre-
ported adverse events associated with 

pharmacy compounding may have 
occurred. In 2006, FDA conducted 
a second limited survey of com-
pounded drug products to further 
explore potency and contamination 
quality issues. This survey did not 
examine sterility but did analyze ac-
tive ingredient identity, potency, and 
uniformity of oral, topical, or inhala-
tion dosage forms. Of 198 samples 
that were collected through unan-
nounced visits to U.S. compounding 
pharmacies listed on the Internet or 
in telephone directories, 37 samples 
were excluded from analysis for 
various reasons. Of the remaining 
161 samples, 125 consisted of active 
pharmaceutical ingredients and 36 
were compounded finished product 
samples. Twelve of the compounded 
finished product samples (33%) 
failed analytical testing. The majority 
of the products that failed analysis 
failed assay (potency) or content 
uniformity testing, demonstrat-
ing subpotency, superpotency, or 
nonuniformity of individual dosage 
units. Potency ranged from 67.5% 
to 268.4%, and both subpotent and 
superpotent active components were 
found in products containing mul-
tiple active pharmaceutical ingredi-
ents. Since all active pharmaceutical 
ingredient samples passed analytical 
testing, FDA suggested that failures 
of the compounded finished product 
samples could be attributed to the 
compounding processes of pharma-
cies. While recognizing the limita-
tions of the study, FDA concluded 
that the wide range in potency and 
uniformity of compounded finished 
drug products leads to uncertainty in 
the amount of drug received by the 
patient, and that such uncertainty 
can lead to medication errors that 
pose a health risk for patients who 
rely on compounded drugs.15

ASHP survey of CSPs. In 2002, 
the compliance of U.S. hospital 
pharmacies with the 2000 ASHP 
Guidelines on Quality Assurance for 
Pharmacy-Prepared Sterile Products 
was assessed through surveys mailed 

to 600 pharmacy directors.34 Qual-
ity assurance was defined in terms 
of risk level (1 through 3) based on 
the vulnerability to contamination 
during preparation (lowest to high-
est risk respectively). The survey as-
sessed the types of preparations com-
pounded by risk level and evaluated 
compliance with recommendations 
in specific quality domains. Survey 
results from 182 respondents of vary-
ing geographic regions and hospital 
bed size indicated low compliance 
with the ASHP guidelines for some 
quality domains, particularly for hos-
pitals that compounded Risk Level 
3 preparations (Table 3).34 Because 
this survey was conducted before the 
implementation of USP chapter 797, 
the findings may not reflect current 
practice.

USP chapter 797. As the number 
of patients discharged from hospitals 
on parenteral preparations increased 
during the 1980s and early 1990s, 
injuries and deaths related to CSPs 
began to rise dramatically.35,36 Tragic 
events and public attention brought 
pharmacy compounding under regu-
latory scrutiny, and the development 
of pharmacy compounding stan-
dards was prompted. FDA considered 
possibly prohibiting some types of 
high risk compounded preparations 
as unapproved new drugs.35 Since 
sterile compounding was deemed 
vital to the preparation of previously 
unavailable commercial products, 
(i.e, phenytoin, nitroglycerin, and 
concentrated morphine injections), 
practice recommendations were is-
sued by various organizations to 
provide assistance to personnel in the 
preparation of CSPs, including USP 
and National Formulary (USP–NF) 
Chapter 1206 entitled Sterile Products 
for Home Use, published in 1995.35

USP chapter 1206 began to evolve 
from informational (i.e., chapters 
numbered above 1000) to required 
chapter 797 (i.e., chapters numbered 
less than 1000 are required) in June 
2000, with the establishment of a 
voluntary advisory panel to USP 
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revision bulletin of general chapter 
797 in December 2007 and gave 
practitioners until June 1, 2008, to 
comply with the requirements.36 
Compliance with USP chapter 797 
standards is enforced through agen-
cies such as FDA, state boards of 
pharmacy, and accrediting agencies 
such as the Joint Commission and 
the Pharmacy Compounding Ac-
creditation Board. FDA will defer 
to state authorities when evaluating 
USP chapter 797 compliance but 
will intervene when patient injury 
or death occurs.36 

The NABP has shown support for 
USP chapter 797 by incorporating its 
requirements into its Model Rules.36 
Individual states vary on their adop-
tion of USP chapter 797, with some 
states adopting the chapter in its en-
tirety and most states incorporating 
portions into their laws and regula-
tions. Other states have instead devel-
oped official policies and procedures 
without changing regulations, and 
some states have taken no definite ac-
tion. Selected states will also enforce 
some regulations for nonpharmacy 
professionals and organizations, such 
as physicians and their offices.

USP chapter 797 is organized to 
provide a foundation of essential 
procedures for the safe preparation 
of CSPs, as classified by potential 
for microbial, chemical, and physi-
cal contamination, in an effort to 
prevent patient harm.19 Specifically, 
minimum practice and quality stan-
dards based on scientific data and 
best practice guidelines are provided 
for the maintenance of sterility when 
compounding low-risk and medium-
risk CSPs (i.e., compounding exclu-
sively with sterile ingredients and 
containers) and for the achievement 
of sterility when compounding high-
risk CSPs (i.e., compounding when 
nonsterile components or contain-
ers). Within each category, practice 
standards are provided for personnel 
garbing and gloving, personnel train-
ing, competency assessment, envi-
ronmental control, quality assurance, 

Personnel education, training, and 
evaluation

Facilities and equipment
  Risk level 1
  Risk level 2
  Risk level 3
Garb
  Risk level 1
  Risk level 2
  Risk level 3
Expiration dating
Labeling
Documentation
  Risk level 1
  Risk level 2
  Risk level 3
End-product evaluation by visual 

inspection
  Risk level 1
  Risk level 2
  Risk level 3
End-product evaluation by microbial 

testing
  Risk level 1
  Risk level 2
  Risk level 3
End-product evaluation by pyrogen or 

endotoxin testing
  Risk level 1
  Risk level 2
  Risk level 3
Evaluation includes quarantine of 

preparations while awaiting microbial, 
pyrogen, or endotoxin testing results

  Risk level 1
  Risk level 2
  Risk level 3
End-product drug concentration testing
  Risk level 1
  Risk level 2
  Risk level 3

Table 3.
Compliance of Hospital Pharmacies with the 2000 ASHP Guidelines 
on Quality Assurance for Pharmacy-Prepared Sterile Products 
During 200234

Quality Domain Weighted % Compliance (n = 182)

	 62.7

	 81.8
	 9.3
	 9.3

	 5.2
	 2.9
	 2.2
	 95.5
	 61.1

	 85.0
	 29.2
	 4.7

	 99.2
	 100
	 95.1

	 36.8
	 42.6
	 48.0

	 9.4
	 11.2
	 24.4

	 13.0
	 22.0
	 40.6

	 17.5
	 17.5
	 20.7

that is now called the Sterile Com-
pounding Expert Committee.35 The 
renumbering of the chapter was an 
effort to reduce or prevent patient 
harm from CSPs and was in part 
due to invalidation of Section 503A 
of the FDCA. In January 2004, USP 

general chapter 797 Pharmaceutical 
Compounding–Sterile Preparations 
became the first official publication 
to describe required conditions and 
practice standards for CSPs. Based 
on feedback and comments from 
affected parties, USP published the 
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storage, handling, and beyond-use 
date (BUDs) assignment. [Immediate-
use CSPs, preparations with a low risk 
of contamination that are needed for 
emergency or immediate adminis-
tration to a patient, cannot include 
medium-risk or high-risk CSPs and 
are exempt from the requirements 
for low-risk CSPs provided that de-
fined criteria are met.]

USP chapter 797 standards ap-
ply to any location where CSPs are 
prepared, stored, and transported, 
including hospitals, clinics, phar-
macies, physician offices, and other 
applicable places.19 While USP rec-
ognizes that CSPs are generally 
prepared under the supervision of 
pharmacists, the standards also apply 
to physicians, nurses, and techni-
cians. The standards apply to all CSPs 
and to manufactured sterile products 
prepared according to FDA-approved 
labeling or off-label variations, which 
is more stringent than FDA standards 
that exclude manufacturer-guided 
mixing or reconstitution from com-
pounding regulations. USP chapter 
797 addresses environmental and 
beyond-use storage and exposure 
conditions that manufacturer label-
ing does not provide.

High-risk level CSPs, which in-
volve the use of nonsterile compo-
nents or containers, are subject to 
more stringent requirements and 
must be sterilized prior to adminis-
tration to patients.19 USP chapter 797 
warns that “careful consideration and 
evaluation of nonsterile ingredient 
sources is especially warranted when 
the CSP will be administered into 
the vascular system, CNS, or eyes.”19 
Bulk nonsterile ingredients should 
preferably be USP-NF grade ingredi-
ents, stored appropriately, and may 
require testing of the accuracy of ex-
pected active chemical moiety per the 
amount of drug substance weighed. 
When assigning BUDs, pharmacists 
should consider the nature of the 
drug and its degradation method, 
the CSP container or delivery device, 
the expected storage conditions, the 

intended duration of therapy, and 
the expiration dates of all ingredients 
used. If a drug has a narrow thera-
peutic range, quantitative stability 
assays (i.e., high-performance liquid 
chromatography) could further en-
sure the compounding accuracy of 
CSPs.

Compounding errors and high-
risk level CSPs. Pharmacies are not 
required to report adverse events as-
sociated with compounded drugs to 
FDA, unlike commercial drug manu-
facturers. Since reporting is volun-
tary, the actual number of adverse 
events associated with compounded 
drugs may be skewed. While many 
adverse events are truly accidents, 
deceptive practices for profit or for 
convenience, including insurance 
fraud (i.e., purposeful potency al-
terations) and error concealment 
(i.e., unreported contamination) by 
compounding pharmacists or phar-
macies, have been reported.37 The 
following two case reports represent 
complications that can occur when 
high-risk level CSPs are prepared 
inappropriately. The first case report 
illustrates patient harm that occurred 
as a result of a potency error, while 
the second report illustrates patient 
harm that occurred as a result of a 
contamination error. 

At the American Academy of 
Physical Medicine and Rehabilitation 
2008 Annual Assembly, a poster was 
presented involving a patient who 
had acute baclofen withdrawal be-
cause of a pharmacy compounding 
error.38 A 52-year-old woman with 
tetraplegia went to an emergency 
room one week after her intrathecal 
baclofen pump was refilled, com-
plaining of pain, headache, increas-
ing spasms, and decreased ability to 
perform typical activities for the past 
few days. Upon admission, her hy-
pertension and symptoms worsened, 
with frequent whole body spasms 
and tachycardia. She was transferred 
to the intensive care unit for treat-
ment of sustained hypertension de-
spite medical intervention. A pump-

imaging study confirmed proper 
functioning of her intrathecal infu-
sion pump. At that time, her infusion 
pump was refilled with compounded 
baclofen 4000 mg/mL, a concentra-
tion that is two-fold greater than 
the highest commercially available 
strength. Upon sample analysis from 
the pump reservoir, the baclofen 
concentration was found to be 7% of 
expected strength. After replacement 
with commercially available baclofen 
(2000 mg/mL concentration), the 
patient’s symptoms began to resolve 
immediately. The authors concluded 
that intrathecal baclofen delivery 
carries a risk for complications, even 
after years of treatment, including 
baclofen withdrawal symptoms that 
mimic other conditions. The use of 
a compounded medication must be 
considered as a cause for withdrawal 
symptoms and warrants consider-
ation of quality control procedures. 
The findings support the need for 
determining final drug concentra-
tion accuracy when preparing a CSP 
of a drug with a narrow therapeutic 
range. 

In the second report, eleven pa-
tients were infected with Serratia 
marcescens (culture confirmed, n = 
8; or clinical infection, n = 3) after 
receiving epidural or intraarticular  
injections of compounded betame-
thasone prepared by a community 
pharmacy in California on a single 
day in May 2001.39 Five of the pa-
tients were diagnosed with meningi-
tis, three of whom subsequently died. 
Complications in the other patients 
included epidural abscess (n = 5) 
and hip infection (n = 1). The com-
pounded betamethasone injection 
was prepared by a local pharmacy 
because of a national shortage of 
commercially manufactured betame-
thasone injection. Investigation by 
state authorities found numerous de-
ficiencies in the compounding pro-
cess of the local pharmacy. Deficien-
cies were identified in the cleanroom 
environment, terminal sterilization, 
autoclave temperature, staff training, 
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labeling practices, and supervision of 
technicians.39,40 Although stock solu-
tions were autoclaved, the individual 
vials of betamethasone injection were 
not autoclaved, contrary to previous 
practices at the pharmacy, because 
of previously observed discoloration 
of the final product. The 5-mL vi-
als were cleaned with alcohol pads 
prior to pipetting the betametha-
sone product. Investigators isolated  
S. marcescens from 35 of 51 betame-
thasone vials (69%) and from a 1% 
carboxymethylcellulose stock solu-
tion. In addition to deficiencies in the 
compounding process, investigators 
also determined that the pharmacy 
was preparing compounded quanti-
ties in excess of anticipated need, 
in contrast to FDA guidance.40 The 
findings in this report support the 
principle of absolute compliance 
with USP chapter 797 practice stan-
dards when preparing a high-risk 
level CSP.

Role of compounding pharmacists
The central theme of compound-

ing practice guidelines and standards 
set forth by ASHP, NABP, and USP 
chapter 797 is that pharmacists are 
responsible for the protection of pa-
tient safety by ensuring that CSPs are 
properly prepared, labeled, stored, 
dispensed, and delivered.36 Pharma-
cists must demonstrate high compe-
tence, participate in constant train-
ing, and practice with the utmost 
ethical code. Pharmacists should 
be aware of their state’s position on 
USP chapter 797. Compliance with 
facility and equipment requirements 
as well as quality assurance pro-
grams is essential to ensure product 
potency and patient safety. Since 
pharmaceutical manufacturers are 
subject to strict FDA regulation and 
cGMPs, there is reasonable certainty 
that commercially available products 
are prepared in optimal conditions. 
Compounding pharmacies must 
be consistently committed to the 
highest level of quality and patient 
care. Since the greatest potential for 

patient harm exists with high-risk 
level CSPs, attention is particularly 
important when compounding high-
risk level CSPs.

Conclusion
Compounding has been an impor-

tant service of pharmacists since the 
profession began, enabling physicians 
to prescribe customized medications 
to meet patients’ individual needs. 
Since pharmaceutics and chemical 
incompatibilities are incorporated 
into the pharmacy curriculum, phar-
macists possess a unique advantage 
when the concepts of optimal com-
pounding are understood. However, 
pharmacists should recognize the 
risk of compounding, particularly 
if their training is inadequate or if 
quality assurance is insufficient. Al-
though requirements such as those 
in USP chapter 797 serve to protect 
patients from inferior CSPs, potency 
and contamination errors can occur. 
Furthermore, the legal status and 
regulatory oversight of compound-
ing appears controversial, which may 
further compromise patient safety. 
Since the greatest harm to patients 
can occur with high-risk level CSPs, 
these products should only be com-
pounded when medically necessary 
and in accordance with state laws and 
strict best practice requirements. 
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