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Abstract

Objectives—Pharmacy-compounded sterile preparations (P-CSPs) are frequently relied upon in
U.S. healthcare, but are increasingly being linked to outbreaks of infections. We provide an
updated overview of outbreak burden and characteristics, identify drivers of P-CSP demand, and
discuss public health and patient safety lessons learned to help inform prevention.

Methods—Outbreaks of infections linked to contaminated P-CSPs that occurred between
January 1, 2001 and December 31, 2013 were identified from internal Centers for Disease Control
and Prevention reports, Food and Drug Administration drug safety communications, and published
literature.

Results—We identified 19 outbreaks linked to P-CSPs, resulting in at least 1000 cases, including
deaths. Outbreaks were reported across two-thirds of states, with almost one-half (8/19) involving
cases in more than one state. Almost one-half of outbreaks were linked to injectable steroids (5/19)
and intraocular bevacizumab (3/19). Non-patient-specific compounding originating from non-
sterile ingredients and re-packaging of already sterile products were the most common practices
associated with P-CSP contamination. Breaches in aseptic processing and deficiencies in
sterilization procedures or in sterility/endotoxin testing were consistent findings. Hospital
outsourcing, preference for variations of commercially available products, commercial drug
shortages, and lower prices were drivers of P-CSP demand.

Conclusions—Recognized outbreaks linked to P-CSPs have been most commonly associated
with non-patient-specific re-packaging and non-sterile to sterile compounding, and linked to lack
of adherence to sterile compounding standards. Recently-enhanced regulatory oversight of
compounding may improve adherence to such standards. Additional measures to limit and control
these outbreaks include vigilance when outsourcing P-CSPs, scrutiny of drivers for P-CSP
demand, and early recognition and notification of possible outbreaks.
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INTRODUCTION

The contribution of contaminated medications to serious, and at times fatal, healthcare-
associated infections (HAIs) has become prominent in the United States healthcare delivery
landscape. Microbial contamination of medications intended to be sterile most commonly
results from infection control breaches at the point-of-care, for example when common
syringes or single-use vials are shared among multiple patients. Unsafe injection practices
such as these at the hospital bedside or in outpatient clinics have resulted in transmission of
bacterial infections and bloodborne pathogens such as hepatitis C virus [1-3]. Upstream
contamination of medications at the point-of-manufacture is rarer, but has also been reported
[4,5].

Pharmacies play a crucial, intermediate role in the pathway of medications from point-of-
manufacture to point-of-care, including compounding, repackaging, and labeling sterile
medications, such as injectable and ophthalmic products. The Food and Drug Administration
(FDA) regards compounding as the practice in which a licensed pharmacist, a licensed
physician, or, in the case of an outsourcing facility, a person under the supervision of a
licensed pharmacist, combines, mixes, or alters ingredients of a drug to create a medication
tailored to the needs of an individual patient [6]. Over the last two decades, pharmacies have
taken on a more prominent role in compounding and re-packaging sterile products for
hospitals, outpatient clinics, home health, and other healthcare settings, and sterile
compounding practices have evolved to become more wide-ranging and complex [7,8].
These practices can sometimes include preparation of large quantities of sterile products in
advance of prescriptions or in non-patient-specific fashion, often for distribution to multiple
facilities and at times across state lines [8,9]. With this evolution in pharmacy compounding
practices, new threats to patient safety have emerged.

Regulatory and professional standards for ensuring safe preparation of sterile medications
have long-been established and have facilitated advancements in the quality and safety
assurance of sterile compounding by pharmacies [7,8,10-12]. However, failures to adhere to
these standards have been documented and these standards were not originally intended to
address compounding activities at the large scale currently undertaken by some
compounding pharmacies [7-9,13]. Consequently, compounding pharmacies have been
increasingly identified as sources of contaminated products contributory to large and serious
healthcare outbreaks [14,15]. The most prominent example of such an outbreak occurred in
2012 and involved nationwide distribution of contaminated injectable methylprednisolone
acetate (MPA) [16]. This incident, one of the largest U.S. healthcare-related outbreaks on
record, was characterized by nearly14,000 exposed individuals and at least 751 cases of
fungal meningitis, other infections, and stroke, including at least 64 deaths across 20 states
[16].

The nationwide fungal meningitis outbreak was not an isolated incident. Since 2001, the
Centers for Disease Control and Prevention (CDC), along with its federal and state public
health partners, have responded to and investigated numerous outbreaks of infectious
illnesses linked to pharmacy-compounded sterile preparations (P-CSPs). Here, we provide
an updated and expanded overview of the burden and characteristics of outbreaks linked to
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P-CSPs, briefly summarize common forces driving the use of products involved in these
outbreaks, and identify public health and patient safety lessons learned that could inform
prevention of similar outbreaks in the future.

BURDEN OF COMPOUNDING PHARMACY-RELATED OUTBREAKS

We identified outbreaks occurring in the U.S. in which infections were linked to P-CSPs
based on a search of internal data for relevant incidents reported to and investigated by CDC
between January 1, 2001 and December 31, 2013. We also searched Medline, CINAHAL,
and Embase databases for reports during the same time period using combinations of the
terms: disease outbreaks, drug compounding, compounding pharmacy, and infectious
diseases. For the purposes of this overview, sterile products that were re-packaged by
compounding pharmacies (e.g., contents of an already sterile single-dose vial re-packaged
into multiple syringes without undergoing any additional manipulation of the drug, such as
sterilization, at the pharmacy) were also considered P-CSPs. Food and Drug Administration
notices of compounding pharmacy regulatory actions and publicly-available pharmacy
inspection reports were also reviewed and used to obtain details regarding lapses in sterile
compounding procedures that may have contributed to P-CSP contamination [17].
Information about clinical drivers for P-CSP demand was based on descriptions of
indications for which compounded products were being used as provided in outbreak and
related reports, as well as published literature.

We excluded outbreaks linked to products prepared in hospital pharmacies that were not
identified as institutional compounding pharmacies [18,19] and products prepared in
specialty (e.g., nuclear) pharmacies [20], outbreaks where the source of contamination was
extrinsic (e.g., product contamination due to mishandling at the bedside) [1]. Also excluded
were CSP contamination incidents that did not result in infectious illnesses (e.g., those that
led solely to pharmacy inspections, warning letters, or product recalls, but no reported
infections) and incidents related to compounding pharmacy dispensing errors (e.g., errors in
dosage calculation or mistaken active ingredients) [21-23], intentional adulteration [24], or
veterinary medicines [25].

We identified 19 U.S. outbreaks since 2001 that were linked to contaminated medications
prepared by compounding pharmacies [16,26-50]. These incidents were associated with a
range of 2 to 751 cases (Table 1); almost one-half (8/19) of these incidents involved deaths
possibly related to exposure to contaminated P-CSPs [16,26,28,32,36,41,45,50]. The exact
numbers of CSPs dispensed or distributed each year by compounding pharmacies is not
known, but the current figure is likely in the tens of millions [51], with at least two-thirds of
U.S. hospitals reporting reliance on outside pharmacies for CSPs [52,53]. Although the
number of recognized outbreaks linked to contaminated P-CSPs can be considered relatively
small given these figures, these incidents are being reported with an increased frequency
[14,15]. Additionally, these outbreaks have often resulted in devastating consequences to
patients, including serious adverse events such as blindness and life-threatening sepsis, a
need to institute additional medical and procedural interventions, and fatalities [16,26,28—
32,36,39,41-43,45,50].
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The number of recognized outbreaks linked to contaminated P-CSPs should also be viewed
as an underestimate for a number of reasons (Table 2). First, identification of healthcare
outbreaks linked to contaminated medications, including P-CSPs, is challenging as
identification relies on clinician recognition of a possible link between clusters of infections
and a potentially contaminated product, followed by prompt reporting to public health
authorities [4,54]. Outbreaks linked to P-CSPs, especially, present numerous challenges, as
they have often involved products that are ubiquitous in healthcare settings (e.g., electrolyte
solutions) (Table 1), thus clinicians may not readily recognize the medication as a potential
source of infections. Further challenging clinician recognition of a link between a
contaminated compounded product and an infection is the fact the most pathogens that have
contributed to P-CSP contamination incidents to date, such as Pseudomonas spp. and
Serratia spp., are common causes of infections that patients acquire during exposure to
healthcare for a multitude of reasons other than exposure to contaminated medications [55].
Delayed presentation of infectious symptoms after exposure to contaminated P-CSPs has
also been reported with certain types of contaminants (e.g., fungal pathogens) [43,56] and
routes of administration (e.g., via indwelling catheter) [33], which can also potentially delay
identification of an outbreak.

Second, compounding pharmacies have been increasingly engaging in multi-facility and
multi-state distribution of large quantities of sterile products [8,9], such that patients exposed
to contaminated P-CSPs could present in widespread and disparate fashion. This poses
additional challenges in finding a common link if there are only small clusters of infections
across a number of healthcare settings [16,43]. For example, in one recent investigation of
endophthalmitis infections linked to compounded Brilliant Blue Green intraocular dye, a
cluster of infections reported from one facility prompted enhanced nationwide case finding
that identified a second, previously unrecognized outbreak of endophthalmitis linked to
compounded ophthalmic triamcinolone prepared by the same pharmacy [43].

Third, except for facilities that voluntarily register with FDA as outsourcing facilities, a new
category of compounders created by the Compounding Quality Act enacted in November
2013 [57], compounding pharmacies generally do not report adverse events from CSPs to
the FDA. Since the onset of the 2012 fungal meningitis outbreak associated with
contaminated MPA [16,44], numerous compounding pharmacies have voluntarily conducted
nationwide recalls of other CSPs [17]. Although some of these recalls involve P-CSPs linked
to already recognized outbreaks, the possibility that other contaminated P-CSPs have
contributed to infections that have gone undetected cannot be excluded. For these reasons,
the true burden of HAIs from contaminated P-CSPs is likely higher than is suggested by the
numbers of outbreak cases or fatalities identified to date.

CHARACTERISTICS OF COMPOUNDING PHARMACY-RELATED OUTBREAKS

Contaminated P-CSPs have originated from 13 states, with 31 states and D.C. reporting
outbreak cases [16,26-50]. Patients receiving healthcare in various settings, including
hospitals, outpatient clinics, ambulatory surgery centers, and home healthcare have been
impacted (Table 1). Almost one-half of recognized outbreaks followed spinal/paraspinal
(e.g., epidural), peripheral joint, or intramuscular administration of the steroids
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betamethasone or methylprednisolone (5/19) [16,26—29,44,46], or intraocular administration
of the monoclonal antibody bevacizumab (3/19) [39,42,44,48]. The large contribution of
steroids to compounding pharmacy-related outbreaks is likely a reflection of several factors.
These include the widespread use of preservative-free steroid compounding to meet
increased demand for epidural injections [58] and elevated risk of infection among recipients
of epidural steroid injections imparted by immunosuppressive properties of steroid
medications, route of drug administration, and underlying clinical characteristics of the
patients receiving them (e.g., older age) [44,56]. The complexity associated with
compounding steroid solutions, which frequently requires sterilization of non-sterile bulk
active ingredients to produce a final sterile solution, also likely contributes to increased
potential for contamination of this product [59].

The most commonly identified pathogens in infections linked to contaminated P-CSPs have
been gram-negative bacteria (e.g., Pseudomonas spp. and Serratia spp.) (10/19)
[26,27,30,33-36,41,45,46]. Infections associated with contaminated P-CSPs most
commonly manifested as bacteremia (7/19) [30,33,34,36,41,45,50], endophthalmitis (5/19)
[35,39,42,43,48], and meningitis (4/19) [16,26—-29]. Other reported infections included:
other spinal/paraspinal infections (e.g., epidural abscesses), joint infections, sepsis/systemic
inflammatory response syndrome, skin and soft tissue infections, and flu-like symptoms
(Table 1).

Contamination of P-CSPs leading to recognized outbreaks has been linked to deviations
from established sterile compounding standards [16,26-29,31,34,39,41,42-50,59-67]. The
United States Pharmacopeial Convention (USP) National Formulary Chapter <797> is a
compendium of standards that describes practices intended to minimize the potential for
microbial, chemical, and physical contamination during sterile pharmaceutical compounding
across the domains of personnel competency, environmental quality and control, and quality
assurance practices [10]. In outbreaks linked to P-CSPs to date, breaches in practices across
all these domains have been identified (Table 3). Practices that involve manipulations of
previously sterile (usually commercially manufactured) products, such as combining the
contents of two commercially manufactured vials into a single syringe, are typically referred
to as sterile to sterile compounding [10]. Non-sterile to sterile compounding typically
comprises such practices as preparation of a final sterile product from non-sterile ingredients
[10]. Breaches have been identified with both “sterile to sterile” and “non-sterile to sterile”
compounding practices (Table 1).

Although all types of sterile compounding practices inherently possess the potential for
contamination, approximately two-thirds (11/16) of the recognized outbreaks linked to P-
CSPs (for which information about compounding procedures was available) have been
associated with non-sterile to sterile compounding
[16,26,28,33,35,41,43,45,46,49,50,59,63,64,66,67]. In this type of compounding practice,
properly conducted and validated sterilization processes are critical for ensuring the sterility
and integrity of the final product. Sterilization of CSPs that originate from non-sterile
ingredients can be achieved by filtration or autoclaving (sterilization by way of pressurized
steam) [10]. Outbreaks associated with non-sterile to sterile compounding have in common
deviations in these sterilization procedures [16,26,28,41,46,49,50,59,64,66,67]. Examples of
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such deviations have included failing to verify the integrity of the sterilization filter, to test
autoclave effectiveness, to autoclave CSPs for appropriate periods of time, and to
appropriately validate the sterilization processes [26,28,41,59,66,67]. Deficiencies in aseptic
practices occurring prior to or after the sterilization process have also been documented in
outbreaks linked to contaminated P-CSPs compounded from non-sterile ingredients
[43,45,50,59,64,66,67].

Outbreaks involving non-sterile to sterile compounding have also been linked to failing to
perform adequate sterility and endotoxin testing of the final product
[28,33,35,41,45,59,66,67]. Compounding pharmacies can outsource CSP sterility testing to
independent laboratories; in at least one outbreak to date [16,59], quality control procedures
at such a laboratory were found to be not in accordance with accepted standards [68].
Additionally, in 2013, the FDA issued warnings about the adequacy of CSP quality and
sterility testing at another laboratory utilized by over 100 compounding pharmacies across
32 states [69].

DRIVERS OF STERILE COMPOUNDING IN THE CONTEXT OF OUTBREAKS

Underlying the recognized outbreaks linked to P-CSPs are common driving forces for sterile
pharmaceutical compounding that have served to catalyze and potentiate the impact of these
incidents. Broadly, these drivers can be categorized as operational, clinical, and economic.

Operational Drivers

Since 2001, recognized outbreaks linked to P-CSPs have impacted patients in both inpatient
and outpatient settings (Table 1). In inpatient settings, during the past two decades,
operational driving forces have stimulated an increased reliance by U.S. hospitals on sterile
medication preparation by outside pharmacies [7,8,52,53]. The shift to outsourced sterile
medications on the part of hospitals was partially driven by a need to adopt more rigorous,
complex, and standardized methods of preparing sterile medications, especially those used
in high volumes and in customized dosage forms (e.g., electrolytes, anesthesia, parenteral
nutrition, catheter flush solutions) [7,8,70,71]. In outpatient settings, the growth of
independent ambulatory care specialty practices (e.g., ambulatory surgery centers and pain
clinics) that frequently use sterile medications in high-risk procedures (e.g., epidural
injections) has also stimulated an increased reliance on compounded sterile preparations
[58,72,73]. Most of these types of outpatient settings are not equipped with the facilities or
personnel required for safely preparing sterile medications and thus rely on compounding
pharmacies to meet the demand for sterile products.

Clinical Drivers

Clinical demand for medications that have not been readily available through commercial
channels is among the most important drivers for CSPs involved in compounding pharmacy-
related outbreaks. To date, almost one-half (9/19) of outbreaks linked to P-CSPs have
involved sterile products that compounding pharmacies were supplying in response to lack
of availability of a commercially manufactured product [16,26-28,41,43,44,46,49,50,74—
76], owing to either a commercial drug shortage (e.g., calcium gluconate) or demand for a

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shehab et al.

Page 7

formulation of a product slightly different than what is available from conventional
manufacturers (e.g., preservative-free steroids).

Clinical Drivers — Drug Shortages

Over the past few years, the U.S. has been facing unprecedented numbers of medication
shortages, with the number of shortages tripling between 2007 and 2012 [77]. A recent
government report estimated that from June 2011 to June 2013, generic sterile injectable
medications, including those critical for day-to-day care of acutely ill or hospitalized
patients (e.g., antibiotics, electrolytes, antineoplastics), accounted for almost one-half of
shortages where alternative medicines were not available or the shortages affected multiple
manufacturers and institutions [77]. Compounding pharmacies have responded to these
shortages by preparing sterile injectable products from raw active ingredients. In a survey of
a nationally-representative sample of acute care hospitals that participated in Medicare in
2012, approximately two-thirds of respondents cited commercial drug shortages as an
important factor when deciding to outsource CSPs [53]. Of notable concern, one recent FDA
report found that, among manufacturers of veterinary medicines (for which shortages are
also a concern), a return to production has been made less likely owing to manufacturers
being concerned that the market share for their products has already been met by
compounding pharmacies [78].

Clinical Drivers — Provider Demand

In contrast to drug shortages, other compounding pharmacy-related outbreaks have involved
medications for which commercially available products are available, but do not quite meet
providers’ clinical preferences. This is best illustrated by the outbreaks related to injectable
steroids [16,26—28,44,46], the products that have most commonly associated with
compounding pharmacy-related outbreaks to date. In most incidents, clinicians were seeking
steroids without preservatives typically found in FDA-approved, manufactured equivalents,
most commonly for off-label use in epidural injections [16,26,27-29,44]. Use of
preservative-free steroids is preferred owing to long-held concerns regarding potential harms
associated with preservatives administrated into central nervous system spaces [79].
Pharmacy-compounded injectable steroids for epidural injections can also meet clinicians’
preferences for these products in concentrations and volumes preferred for epidural
injection, which can vary widely across practices and clinicians [80].

Economic Drivers

One important, but poorly-explored, driver of providers seeking CSPs in lieu of
manufactured equivalents is the differential pricing between CSPs and commercial products
[81-83], illustrated by the outbreaks linked to repackaging of bevacizumab [39,42,48].
Bevacizumab (Avastin®, Genentech/Roche) is a recombinant monoclonal antibody that is
FDA-approved as a chemotherapeutic agent and is packaged in a single-use preservative free
vial. Repackaged bevacizumab has been widely adopted among ophthalmology providers for
off-label, intraocular treatment of wet age-related macular degeneration (AMD), the leading
contributor to vision loss among older Americans [83]. A manufactured alternative to
bevacizumab that is FDA-approved for the treatment of AMD (ranibizumab, Lucentis®) is
available in sizes suitable for intraocular administration; however, re-packaged bevacizumab
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has study-confirmed similarities to ranibizumab [84] and an approximately 40-fold cost
difference exists between the two agents—$2,023 per dose for ranibizumab compared to $55
per dose for bevacizumab [83,85].

Off-label use of bevacizumab for intraocular administration typically involves splitting a
single bevacizumab vial into smaller doses suitable for intraocular administration in a single
eye [86]. Because bevacizumab is supplied by the manufacturer in preservative-free
formulation intended for single-use only, as with all sterile medications, repackaging
requires extreme care to avoid contamination of the original vial and the syringes into which
the medication is partitioned [86]. Re-packaging of bevacizumab under inadequate
conditions to ensure sterility may pose a risk to a very high number of patients because
compounding pharmacies are sometimes preparing tens to hundreds of thousands of
bevacizumab syringes annually. Across all bevacizumab-related outbreaks to date, deviations
from the processes critical for ensuring safe re-packaging of bevacizumab have been
documented [38,39,42,47,48,62,65].

PUBLIC HEALTH AND PATIENT SAFETY LESSONS LEARNED

This overview of recognized compounding pharmacy-related outbreaks points to salient
targets that can be addressed by public health authorities, regulators, compounders, and
clinicians in efforts to prevent similar outbreaks from occurring in the future. First, almost
all outbreaks linked to contaminated P-CSPs have been associated with non-patient-specific
production practices that have gone beyond the original intent of pharmacy compounding—
compounding by a pharmacist, in response to a prescription, for an individual patient [6].
The recent passage of the Compounding Quality Act after the 2012 nationwide meningitis
outbreak is expected to facilitate more rigorous federal oversight of facilities engaged in this
type of compounding [57]. Compounding facilities that voluntarily elect to register as
“outsourcing facilities” will be subject to requirements and oversight more closely
resembling those applicable to drug manufacturers, such as compliance with standards more
aligned with those for pharmaceutical manufacturing [87], mandatory reporting of adverse
drugs events to the FDA, and inspections of their facilities by the FDA according to a risk-
based schedule [57]. The FDA has recently recommended that healthcare facilities that
outsource preparation of sterile products obtain CSPs only from registered outsourcing
facilities [88].

Second, with the passage of the Compounding Quality Act, there will remain a category of
pharmacies engaged in more traditional compounding practices that are not subject to the
same standards as those for outsourcing facilities. For these pharmacies, there remains the
need to address poor adherence to sterile compounding standards that have been consistently
identified across recognized outbreaks linked to P-CSPs. Compliance with sterile
compounding standards, including those of USP Chapter <797>, is known to be highly
variable [13,89]. Currently, not all state public health departments or boards of pharmacy
uniformly incorporate USP Chapter <797> guidelines into state laws that govern pharmacy
practice [90]. State public health departments and boards of pharmacy can play a critical role
in facilitating more uniform application of and adherence to professional and regulatory
compounding standards. Clarifying federal versus state oversight roles, improving state
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resources and staffing to allow for adequate oversight, and enhancing communication
between state and federal oversight bodies have been identified as important opportunities to
strengthen public health protection from contaminated P-CSPs at the state level [91].
Improving professional and technical competencies of pharmacists and other providers in
sterile compounding practices within didactic curriculums and experiential settings has also
been recommended to help enhance knowledge of and adherence to sterile compounding
standards [92,93].

Third, only a few commonly used sterile injectable products (preservative-free steroids and
bevacizumab) formulated or re-packaged for off-label uses were responsible for the
overwhelming majority of compounding pharmacy-related outbreaks, suggesting that better
scrutiny of the drivers for demand of these products is warranted. For example, the use of
epidural steroid injections for the treatment of chronic back pain is considered to be highly
controversial owing to a paucity of evidence to support long-term benefits and recognized
risks associated with administration of steroids by the epidural route [79,94-97].
Nevertheless, epidural steroid administration remains one of the most commonly utilized
approaches to chronic low back pain treatment and the most commonly performed
interventional pain procedure in the U.S., with millions of these procedures performed each
year [58,96,98].

Likewise, the off-label use of bevacizumab for the treatment of wet AMD in lieu of its
commercially manufactured counterpart has been increasingly explored as a means of
achieving savings for Medicare and patients in the billions of dollars [83,85]. However, the
safeguards necessary to ensure that bevacizumab is re-packaged safely for the purposes of
intraocular administration have not been uniformly applied by compounding pharmacies
[38,39,42,47,48,62,65]. National shortages of commercially manufactured products were an
additional driver underlying the demand for P-CSPs in recognized outbreaks [26-28,41,50].
Manufacturer shortages of sterile medications that are critically relied upon across
healthcare settings is currently receiving national attention from regulators and healthcare
policy-makers, and attempts at mitigating the negative impact of these shortages on patient
care are actively being explored [77,78].

CONCLUSIONS

As compounding pharmacies continue to play a prominent role in preparation and
distribution of sterile pharmaceuticals across U.S. healthcare settings, the number, impact,
and severity of infectious risks and outbreaks secondary to potentially contaminated CSPs
may increase. Recognized outbreaks linked to compounding pharmacies have been most
commonly associated with non-patient-specific re-packaging of sterile products and non-
sterile to sterile compounding. These practices were consistently characterized by lack of
adherence to regulatory and professional standards for sterile compounding, suggesting that
outbreak incidents are likely highly preventable with improved oversight of and adherence to
such standards. Given the recent passage and ongoing implementation of the Compounding
Quality Act, it is unclear what impact the new regulatory oversight framework will have in
preventing these outbreaks. Regardless, improving compounding personnel competency,
strengthening environmental quality controls, and implementing rigorous quality assurance
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processes, especially during non-patient-specific compounding, will be critical for ensuring
the safety of patients receiving compounded sterile medications. Drivers for P-CSP demand,
such as off-label uses and lower costs, warrant closer scrutiny. Strong federal and state
public health partnerships, as well as early recognition and notification of possible outbreaks
on the part of clinicians, will continue to be critical in facilitating rapid identification and
control of these types of outbreaks.

Acknowledgments

We would like to thank Melissa K. Schaefer, MD of the Division of Healthcare Quality Promotion, Centers for
Disease Control and Prevention for thoughtful input into the manuscript.

References

1.

Perz JF, Thompson ND, Schaefer MK, et al. US outbreak investigations highlight the need for safe
injection practices and basic infection control. Clin Liver Dis. 2010; 14:137-151. [PubMed:
20123446]

. Dolan SA, Felizardo G, Barnes S, et al. APIC Position Paper: Safe injection, infusion, and

medication vial practices in health care. Am J Infect Control. 2010; 38:167-172. [PubMed:
20347635]

. MacCannell T, Perz JF, Srinivasan A. , et al. Bacterial and parasitic infections associated with

extrinsically contaminated injectable medications, United States 1999-2009 [Abstract]. Presented at
the Fifth Decennial International Conference on Healthcare-Associated Infections 2010; Atlanta,
Georgia. March 18-22; 2010. Available at: https://shea.confex.com/shea/2010/webprogram/
Paper2113.html

. Blossom DB, Kallen AJ, Patel PR, et al. Outbreak of adverse reactions associated with contaminated

heparin. N Engl J Med. 2008; 359:2674-2684. [PubMed: 19052120]

. Blossom D, Noble-Wang J, Su J, et al. Multi-state outbreaks of Serratia marcescens bloodstream

infections caused by contamination of prefilled heparin and isotonic sodium chloride solution
syringes. Arch Intern Med. 2009; 169:1705-1711. [PubMed: 19822828]

. U.S. Food and Drug Administration. [Accessed January 5, 2015] Compounding and the FDA:

Questions and answers. Available at: http://www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339764.htm

. Myers CE. History of sterile compounding in U.S. hospitals: learning from the tragic lessons of the

past. Am J Health-Syst Pharm. 2013; 70:1414-1427. [PubMed: 23903480]

. Kastango EC, Douglass KH. Clinical 1Q LLC. [Accessed January 5, 2015] Quality standards for

large scale sterile compounding facilities. Available at: http://www.clinicalig.com/images/stories/
clinicaliq_compounding%20quality%20standards.pdf

. U.S. Food and Drug Administration. The Fungal Meningitis Outbreak: Could It Have Been

Prevented? Statement of Margaret A. Hamburg, M.D. before the Subcommittee on Oversight and
Investigations and House Committee on Energy and Commerce, U.S. House of Represenatives;
November 14, 2012; Available at: http://www.fda.gov/NewsEvents/Testimony/ucm327664.htm

10. U.S. Pharmacopeial Convention, Inc. United States Pharmacopeia—National Formulary. Rockuville,

MD: US Pharmacopeial Convention, Inc; 2004. Chapter <797> “Pharmaceutical Compounding—
Sterile Preparations™; 2350-2370.

11. The Joint Commission. [Accessed January 5, 2015] National Patient Safety Goals Effective. Jan 1,

2014. Available at: http://www.jointcommission.org/assets/1/6/HAP_NPSG_Chapter_2014.pdf

12. American Society of Health-System Pharmacists. [Accessed January 5, 2015] Sterile

Compounding Resource Center. Available at: http://www.ashp.org/sterilecompounding

13. Pegues C. Improving and enforcing compounding pharmacy practices to protect patients. Clin

Infect Dis. 2006; 43:838-840. [PubMed: 16941363]

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


https://shea.confex.com/shea/2010/webprogram/Paper2113.html
https://shea.confex.com/shea/2010/webprogram/Paper2113.html
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339764.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339764.htm
http://www.clinicaliq.com/images/stories/clinicaliq_compounding%20quality%20standards.pdf
http://www.clinicaliq.com/images/stories/clinicaliq_compounding%20quality%20standards.pdf
http://www.fda.gov/NewsEvents/Testimony/ucm327664.htm
http://www.jointcommission.org/assets/1/6/HAP_NPSG_Chapter_2014.pdf
http://www.ashp.org/sterilecompounding

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shehab et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 11

The Pew Charitable Trusts. [Accessed January 5, 2015] US illnesses and deaths associated with
compounded medications. Sep 05, 2014. Available at: http://www.pewtrusts.org/en/multimedia/
data-visualizations/2014/us-illnesses-and-deaths-associated-with-compounded-medications

Staes C, Jacobs J, Mayer J, et al. Description of outbreaks of health-care-associated infections
related to compounding pharmacies, 2000-12. Am J Health-Syst Pharm. 2013; 70:1301-1312.
[PubMed: 23867487]

Centers for Disease Control and Prevention. [Accessed January 5, 2015] Multistate outbreak of
fungal meningitis and other infections. Available at: http://www.cdc.gov/hai/outbreaks/
meningitis.html

U.S. Food and Drug Administration. [Accessed January 5, 2015] Compounding: Inspections,
Recalls, and other Actions. Available at: http://www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339771.htm

Selenic D, Dodson D, Jensen B, et al. Enterobacter cloacae bloodstream infections in pediatric
patients traced to a hospital pharmacy. Am J Health-Syst Pharm. 2003; 60:1440-1446. [PubMed:
12892028]

Perz JF, Craig AS, Stratton CW, et al. Pseudomonas putida septicemia in a special care nursery due
to contaminated flush solutions prepared in a hospital pharmacy. J Clin Microbiol. 2005; 43:5316-
5318. [PubMed: 16208007]

Patel PR, Larson AK, Castel AD, et al. Hepatitis C virus infections from a contaminated
radiopharmaceutical used in myocardial perfusion studies. JAMA. 2006; 296:2005-2011.
[PubMed: 17062864]

Romano MJ, Dinh A. A 1000-fold overdose of clonidine caused by a compounding error in a 5-
year-old child with attention-deficit/hyperactivity disorder. Pediatrics. 2001; 108:471-472.
[PubMed: 11483818]

Centers for Disease Control and Prevention. Deaths from intravenous colchicine resulting from a
compounding pharmacy error—Oregon and Washington, 2007. MMWR Morb Mortal WKly Rep.
2007; 56:1050-1052. [PubMed: 17932481]

Department of Veterans Affairs Office of Inspector General. Healthcare Inspection: Oversight
Review of Ophthalmology Adverse Drug Events. VA Greater Los Angeles Healthcare System Los
Angeles; California: Apr 12, 2012. Report No. 12-01515-151Available from: http://
www.va.gov/oig/pubs/VAOIG-12-01515-151.pdf [Accessed January 5, 2015]

U.S. Food and Drug Administration. [Accessed January 5, 2015] Inspections, Compliance,
Enforcement, and Criminal Investigations. Enforcement Story Archive. Available from: http://
www.fda.gov/ICECI/EnforcementActions/EnforcementStory/EnforcementStoryArchive/
default.htm

U.S. Food and Drug Administration. [Accessed January 5, 2015] Animal & Veterinary:
Inspections, Recalls, and other Actions with Respect to Firms that Engage in Animal Drug
Compounding. Available at: http://www.fda.gov/AnimalVeterinary/
GuidanceComplianceEnforcement/ComplianceEnforcement/UnapprovedAnimalDrugs/
ucm417562.htm

Civen R, Vugia DJ, Alexander R, et al. Outbreak of Serratia marcescens infections following
injection of betamethasone compounded at a community pharmacy. Clin Infect Dis. 2006; 43:831—
837. [PubMed: 16941362]

Centers for Disease Control and Prevention, unpublished data (e-mail communication, Dr. Daniel
Jernigan and Dr. David Baumgartner, May 17 and October 11, 2002). Chryseomonas meningitis
from epidural injections of methylprednisolone in Michigan.

Centers for Disease Control and Prevention. Exophiala infection from contaminated injectable
steroids prepared by a compounding pharmacy—United States, July—-November 2002. MMWR
Morb Mortal Wkly Rep. 2002; 51:1109-1112. [PubMed: 12530707]

North Carolina Department of Health and Human Services. Division of Public Health. Epi Notes.
December 2002—February 2003; 2002—4 [Accessed January 5, 2015] Available from: http://
epi.publichealth.nc.gov/pdf/en2002-4.pdf.

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


http://www.pewtrusts.org/en/multimedia/data-visualizations/2014/us-illnesses-and-deaths-associated-with-compounded-medications
http://www.pewtrusts.org/en/multimedia/data-visualizations/2014/us-illnesses-and-deaths-associated-with-compounded-medications
http://www.cdc.gov/hai/outbreaks/meningitis.html
http://www.cdc.gov/hai/outbreaks/meningitis.html
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339771.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm339771.htm
http://www.va.gov/oig/pubs/VAOIG-12-01515-151.pdf
http://www.va.gov/oig/pubs/VAOIG-12-01515-151.pdf
http://www.fda.gov/ICECI/EnforcementActions/EnforcementStory/EnforcementStoryArchive/default.htm
http://www.fda.gov/ICECI/EnforcementActions/EnforcementStory/EnforcementStoryArchive/default.htm
http://www.fda.gov/ICECI/EnforcementActions/EnforcementStory/EnforcementStoryArchive/default.htm
http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/ComplianceEnforcement/UnapprovedAnimalDrugs/ucm417562.htm
http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/ComplianceEnforcement/UnapprovedAnimalDrugs/ucm417562.htm
http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/ComplianceEnforcement/UnapprovedAnimalDrugs/ucm417562.htm
http://epi.publichealth.nc.gov/pdf/en2002-4.pdf
http://epi.publichealth.nc.gov/pdf/en2002-4.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Shehab et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

Page 12

Held MR, Begier EM, Beardsley DS, et al. Life-threatening sepsis caused by Burkholderia cepacia
from contaminated intravenous flush solutions prepared by a compounding pharmacy in another
state. Pediatrics. 2006; 118:e212—e215. [PubMed: 16785290]

Patel AS, Woolard D, McDonald LC. , et al. Outbreak of systemic inflammatory response
syndrome linked to a compounding pharmacy — Virginia, 2005 [Poster 14]. Presented at: 55th
Annual Epidemic Intelligence Service Conference; Atlanta, GA. April 24-28, 2006; Available at:
http://www.cdc.gov/eis/downloads/2006.eis.conference.pdf

Centers for Disease Control and Prevention, unpublished data (internal outbreak report). Patel AS.
An outbreak of systemic inflammatory response syndrome linked to a compounding pharmacy.

Gershman MD, Kennedy DJ, Noble-Wang J, et al. Multistate outbreak of Pseudomonas fluorescens
bloodstream infection after exposure to contaminated heparinized saline flush prepared by a
compounding pharmacy. Clin Infect Dis. 2008; 47:1372-1379. [PubMed: 18937575]
Sunenshine RH, Tan ET, Terashita DM, et al. A multi-state outbreak of Serratia marcescens
bloodstream infections associated with contaminated intravenous magnesium sulfate from a
compounding pharmacy. Clin Infect Dis. 2007; 45:527-533. [PubMed: 17682984]

Sunenshine R, Schultz M, Lawrence MG, et al. An outbreak of postoperative gram-negative
bacterial endophthalmitis associated with contaminated trypan blue ophthalmic solution. Clin
Infect Dis. 2009; 48:1580-1583. [PubMed: 19400746]

Maragakis LL, Chaiwarith R, Srinivasan A, et al. Sphingomonas paucimobilis bloodstream
infections associated with contaminated intravenous fentanyl. Emerg Infect Dis. 2009; 15:12-18.
[PubMed: 19116043]

U.S. Food and Drug Administration. Other Action: FDA letter to firm. PharMEDium Services,
LLC; Lake Forest, IL: Feb 5, 2013. Compounding: Inspections, Recalls, and other Actions.
Awvailable at: http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/
PharmacyCompounding/UCM338614.pdf [Accessed January 5, 2015]

Frost BA, Kainer MA. Eye opening: are compounded drugs causing harm?. Presented at the
Society of Healthcare Epidemiology of America 2011 Annual Scientific Meeting; Dallas, TX.
April 1-4, 2011; Available at: http://www.ismp.org/docs/paper4263.pdf

Frost BA, Kainer MA. Safe preparation and administration of intravitreal bevacizumab injections
[letter]. N Engl J Med. 2011; 365:2238.

Personal communication, Dr. Marion Kainer. Tennessee Department of Health; Jun 18, 2014
Gupta N, Hocevar SN, Moulton-Meissner HA, et al. Outbreak of Serratia marcescens bloodstream
infections in patients receiving parenteral nutrition prepared by a compounding pharmacy. Clin
Infect Dis. 2014; 59:1-8. [PubMed: 24729502]

Goldberg RA, Flynn HW Jr, Isom RF, et al. An outbreak of streptococcus endophthalmitis after
intravitreal injection of bevacizumab. Am J Ophthalmol. 2012; 153:204-208. [PubMed:
22264943]

Mikosz CA, Smith RM, Kim M, et al. Fungal endophthalmitis associated with compounded
products. Emerg Infect Dis. 2014; 20:248-256. [PubMed: 24447640]

Smith RM, Schaefer MK, Kainer MA, et al. Fungal infections associated with contaminated
methylprednisolone injections — preliminary report. N Engl J Med. 2013; 369:1598-1609.
[PubMed: 23252499]

Moehring RW, Lewis SS, Isaacs PJ, et al. Outbreak of bacteremia due to Burkholderia contaminans
linked to intravenous fentanyl from an institutional compounding pharmacy. JAMA Intern Med.
2014; 174:606-612. [PubMed: 24493147]

Centers for Disease Control and Prevention. [Accessed January 5, 2015] Multistate investigation of
suspected infections following steroid injections. Available at: http://www.cdc.gov/hai/
outbreaks/TN-pharmacy/index.html

U.S. Food and Drug Administration. [Accessed January 5, 2015] FDA News Release. FDA alerts
health care providers and patients of the nationwide recall of all lots of sterile products distributed
by Clinical Specialties Compounding Pharmacy. Mar 21, 2013. Available at: http://www.fda.gov/
NewsEvents/Newsroom/PressAnnouncements/ucm345019.htm

Edison LS, Dishman HO, Tobin-D’Angelo MJ, et al. Endophthalmitis outbreak associated with
repackaged bevacizumab. Emerging Infect Dis. 2015; 21:171-173. [PubMed: 25531168]

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


http://www.cdc.gov/eis/downloads/2006.eis.conference.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/UCM338614.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/UCM338614.pdf
http://www.ismp.org/docs/paper4263.pdf
http://www.cdc.gov/hai/outbreaks/TN-pharmacy/index.html
http://www.cdc.gov/hai/outbreaks/TN-pharmacy/index.html
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm345019.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm345019.htm

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shehab et al.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 13

U.S. Food and Drug Administration. [Accessed January 5, 2015] FDA News Release. FDA
expands alert to health care providers about lack of sterility assurance of all sterile drug products
from NuVision Pharmacy. May 18, 2013. Available at: http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm352948.htm

Centers for Disease Control and Prevention. [Accessed January 5, 2015] CDC Health Advisory.
Nationwide voluntary recall of all products for sterile use from compounding pharmacy located in
Cedar Park, Texas. Aug 14, 2013. Available at: http://emergency.cdc.gov/han/han00353.asp

U.S. Food and Drug Administration. [Accessed January 5, 2015] Federal and State Role in
Pharmacy Compounding and Reconstitution: Exploring the Right Mix to Protect Patients.
Statement of Steven K. Galston, M.D., M.P.H. before the Senate Committee on Health, Education,
Labor, and Pensions. Oct 23, 2003. Available at: http://www.fda.gov/NewsEvents/Testimony/
ucm115010.htm

Pedersen CA, Schneider PJ, Scheckelhoff DJ. ASHP national survey of pharmacy practice in
hospital settings: dispensing and administration — 2011. Am J Health-Syst Pharm. 2012; 29:768-
785.

U.S. Department of Health and Human Services. Office of Inspector General. [Accessed January 5,
2015] Memorandum report: High-Risk Compounded Sterile Preparations and Outsourcing by
Hospitals That Use Them, OEI-01-13-00150. Apr 10, 2013. Available at: https://oig.hhs.gov/oei/
reports/oei-01-13-00150.pdf

Patel PR, Kallen AJ, Budnitz DS. Product-related adverse events in hemodialysis patients:
improving recognition and response [letter]. Am J Kid Dis. 2010; 55:972. [PubMed: 20438988]
Centers for Disease Control and Prevention. [Accessed January 5, 2015] Healthcare-associated
Infections (HAISs). Diseases and organisms in healthcare settings. Available at: http://
www.cdc.gov/HAl/organisms/organisms.html

Chiller TM, Roy M, Nguyen D. Clinical findings for fungal infections caused by
methylprednisolone injections. N Engl J Med. 2013; 369:1610-1619. [PubMed: 24152260]

U.S. Food and Drug Administration. Compounding. [Accessed January 5, 2015] Compounding
Quality Act. Title I of the Drug Quality and Security Act of 2013. Available at: http://
www.fda.gov/drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/
Manchikanti L, Pampati V, Falco FJE, et al. Assessment of the growth of epidural injections in the
Medicare population from 2000 to 2011. Pain Physician. 2013; 16:349-e364. [PubMed:
23877459]

U.S. Food and Drug Administration. Compounding: Inspections, Recalls, and other Actions. New
England Compounding Center; Framingham, MA: 483 Issued 10/26/2012. Available at: http://
www.fda.gov/downloads/AboutFDA/CentersOffices/
OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/
UCM325980.pdf [Accessed January 5, 2015]

Maryland Department of Health and Mental Hygiene. Maryland Pharmacy Board. [Accessed
January 5, 2015] In the matter of Central Admixture Pharmacy Services, Inc. Permit Nos.:
PW0184/D01075. Respondent-Pharmacy/Distributors before the Maryland State Board of
Pharmacy. Order for Summary Suspension. Nov 15, 2005. Available at: http://
www.dhmh.maryland.gov/pharmacy/docs/FormalOrders/C/C.A.P.S%2011-15-05.pdf

U.S. Food and Drug Administration. Warning Letters. PharMEDium Services, LLC; 2007.
Inspections, Compliance, Enforcement, and Criminal Investigations. [Archived]. Warning Letter
April 13, 2007. Available at: http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/
2007/ucm076357.htm [Accessed January 5, 2015]

U.S. Food and Drug Administration. Infupharma, LLC; Hollywood, FL: 483 Issued
09/27/2011Available at: http://www.fda.gov/downloads/AboutFDA/CentersOfficessfORA/
ORAElectronicReadingRoom/UCM304256.pdf [Accessed January 5, 2015]

U.S. Food and Drug Administration. Warning Letters. Franck’s Lab Inc; 2012. Inspections,
Compliance, Enforcement, and Criminal Investigations. d.b.a Franck’s Compounding Lab Warning
Letter July 9 2012 Available at: http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/
2012/ucm312645.htm [Accessed January 5, 2015]

U.S. Food and Drug Administration. Compounding: Inspections, Recalls, and other Actions. Main
Street Family Pharmacy; Newbern, TN: 483 Issued 6/11/2013. Available at: http://www.fda.gov/

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm352948.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm352948.htm
http://emergency.cdc.gov/han/han00353.asp
http://www.fda.gov/NewsEvents/Testimony/ucm115010.htm
http://www.fda.gov/NewsEvents/Testimony/ucm115010.htm
https://oig.hhs.gov/oei/reports/oei-01-13-00150.pdf
https://oig.hhs.gov/oei/reports/oei-01-13-00150.pdf
http://www.cdc.gov/HAI/organisms/organisms.html
http://www.cdc.gov/HAI/organisms/organisms.html
http://www.fda.gov/drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/
http://www.fda.gov/drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM325980.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM325980.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM325980.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM325980.pdf
http://www.dhmh.maryland.gov/pharmacy/docs/FormalOrders/C/C.A.P.S%2011-15-05.pdf
http://www.dhmh.maryland.gov/pharmacy/docs/FormalOrders/C/C.A.P.S%2011-15-05.pdf
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2007/ucm076357.htm
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2007/ucm076357.htm
http://www.fda.gov/downloads/AboutFDA/CentersOffices/ORA/ORAElectronicReadingRoom/UCM304256.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/ORA/ORAElectronicReadingRoom/UCM304256.pdf
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2012/ucm312645.htm
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2012/ucm312645.htm
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM356363.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shehab et al.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 14

downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ ORA/
ORAEIlectronicReadingRoom/UCM356363.pdf [Accessed January 5, 2015]

U.S. Food and Drug Administration. Compounding: Inspections, Recalls, and other Actions.
Clinical Specialties Compounding Pharmacy; Augusta, GA: 483 Issued 4/2/2013. Available at:
http://www.fda.gov/downloads/AboutFDA/CentersOffices/
OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAEIlectronicReadingRoom/
UCM348419.pdf [Accessed January 5, 2015]

U.S. Food and Drug Administration. Compounding: Inspections, Recalls, and other Actions.
NuVision Pharmacy; Dallas, TX: 483 Issued 4/17/2013. Available at: http://www.fda.gov/
downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/
ORAEIlectronicReadingRoom/UCM348772.pdf [Accessed January 5, 2015]

U.S. Food and Drug Administration. Compounding: Inspections, Recalls, and other Actions.
Specialty Compounding, LLC; Cedar Park, TX: 483 Issued 9/13/2013. Available at: http://
www.fda.gov/downloads/AboutFDA/CentersOffices/
OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/
UCM368579.pdf [Accessed January 5, 2015]

Martin TW, Maremont M, Rockoff JD. Tainted drug passed lab test. The Wall Street Journal. 2012
Oct 25. Sect. A3.

U.S. Food and Drug Administration. [Accessed January 5, 2015] Drug Safety and Availability.
CDER Statement: FDA alerts pharmacies to concerns with testing conducted by Front Range
Laboratories. Aug 21, 2013. Available at: http://www.fda.gov/Drugs/DrugSafety/ucm365920.htm

Kastango ES, Bradshaw BD. USP Chapter 797: Establishing a practice standard for compounding
sterile preparations in pharmacy. Am J Health-Syst Pharm. 2004; 61:1928-1938. [PubMed:
15487884]

Sanborn M. [Accessed January 5, 2015] Outsourcing compounding services to meet USP Chapter
<797> requirements: an overview. Pharmacy Practice News. 2008. Available at: http://
www.pharmacypracticenews.com/download/sr_08018 WM.pdf

Cullen KA, Hall MJ, Golosinskiy A. National health statistics reports; no 11. Hyattsville, MD:
National Center for Health Statistics; 2009. Ambulatory surgery in the United States, 2006.
RevisedAvailable at: http://www.cdc.gov/nchs/data/nhsr/nhsr011.pdf [Accessed January 5, 2015]
Manchikanti L, Pampti V, Falco FJE, et al. Growth of spinal interventional pain management
techniques. Spine. 2013; 38:157-168. [PubMed: 22781007]

Outterson K. Regulating compounding pharmacies after NECC [perspective]. N Engl J Med. 2012;
367:1969-1972. [PubMed: 23134357]

ALS worldwide. [Accessed January 5, 2015] ALSWW focus. Methylcobalamin. Mar 12, 2013.
Available at: http://www.alsworldwide.org/documents/methylcobalamin

U.S. Food and Drug Administration. [Accessed January 5, 2015] FDA Drug Shortages. Current
and Resolved Drug Shortages and Discontinuations Reported to FDA. Calcium Gluconate
Injection. Available at: http://www.accessdata.fda.gov/scripts/drugshortages/
dsp_ActivelngredientDetails.cfm?Al=CalciumGluconatelnjection&st=c&tab=tabs-1

U.S. Government Accountability Office. [Accessed January 5, 2015] Drug Shortages. Public health
threat continues, despite efforts to help ensure availability. Feb, 2014. Available at: http://
WWW.gao.gov/assets/670/660785.pdf

U.S. Food and Drug Administration. [Accessed January 5, 2015] A review of FDA’s approach to
medical product shortages. Available at: http://www.fda.gov/AboutFDA/ReportsManualsForms/
Reports/ucm275051.htm

International Spine Intervention Society. [Accessed January 5, 2015] Preservative vs. Preservative-
free: steroid choice for epidural steroid injections fact finder. Available at: https://
www.spinalinjection.org/fact-finder.php?plD=5

Stout A, Hager N, Kaufman MS. Spinal Injection Techniques. In: Braddom RL, editorPhysical
Medicine & Rehabilitation. 4. Philadelphia, PA: Elsevier Inc; 2011.

Patel Y, Rumore MM. Hydroxyprogesterone caproate injection (Makena) one year later. To
compound or not to compound — that is the question. P T. 2012; 37:405-411. [PubMed: 22876106]

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM356363.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM356363.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348419.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348419.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348419.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348772.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348772.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM348772.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM368579.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM368579.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM368579.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ORAElectronicReadingRoom/UCM368579.pdf
http://www.fda.gov/Drugs/DrugSafety/ucm365920.htm
http://www.pharmacypracticenews.com/download/sr_08018_WM.pdf
http://www.pharmacypracticenews.com/download/sr_08018_WM.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr011.pdf
http://www.alsworldwide.org/documents/methylcobalamin
http://www.accessdata.fda.gov/scripts/drugshortages/dsp_ActiveIngredientDetails.cfm?AI=CalciumGluconateInjection&st=c&tab=tabs-1
http://www.accessdata.fda.gov/scripts/drugshortages/dsp_ActiveIngredientDetails.cfm?AI=CalciumGluconateInjection&st=c&tab=tabs-1
http://www.gao.gov/assets/670/660785.pdf
http://www.gao.gov/assets/670/660785.pdf
http://www.fda.gov/AboutFDA/ReportsManualsForms/Reports/ucm275051.htm
http://www.fda.gov/AboutFDA/ReportsManualsForms/Reports/ucm275051.htm
https://www.spinalinjection.org/fact-finder.php?pID=5
https://www.spinalinjection.org/fact-finder.php?pID=5

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shehab et al.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

Page 15

Brown J, Marsteller D. [Accessed January 5, 2015] Compounded drugs often preferred for cost,
availability. USA Today. 2012. Oct 12, Available at: http://www.usatoday.com/story/news/nation/
2012/10/11/compounded-drugs-preferred-cost-availability/1628385

U.S. Department of Health and Human Services. Office of Inspector General. [Accessed January 5,
2015] Review of Medicare Part B Avastin and Lucentis treatments for age-related macular
degeneration (A-01-10-00514). September 6, 2011. Available at https://oig.hhs.gov/oas/reports/
region10/11000514.pdf

Rosenfeld PJ. Bevacizumab versus ranibizumab for AMD [commentary]. N Engl J Med. 2011;
364:1966-1967. [PubMed: 21526924]

Hutton D, Newman-Casey PA, Tavag M, et al. Switching to less expensive blindness drug could
save Medicare Part B $18 billion over a ten-year period. Health Aff. 2014; 33:931-939.
Gonzalez S, Rosenfeld PJ, Stewart MW, et al. Avastin doesn’t blind people, people blind people.
Am J Ophthalmol. 2012; 153:196-203. [PubMed: 22264942]

U.S. Food and Drug Administration. [Accessed January 5, 2015] Guidance for Industry. Current
good manufacturing practice — interim guidance for human drug compounding outsourcing
facilities under Section 503B of the FD&C Act. Available at: http://www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM403496.pdf

U.S. Food and Drug Administration. [Accessed January 5, 2015] Guidance, Compliance &
Regulatory Information. Compounding. Letters to stakeholders. Available at: http://www.fda.gov/
Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm380596.htm
Douglass K, Kastango ES, Cantor P. The 2012 USP <797> Compliance Survey: Measuring
progress. PP&P Mag. 2012; 9:4.

[Accessed January 5, 2015] Clinical 1Q®. USP 797 State Compliance Map. Available at: http://
www.criticalpoint.info/Statemap/story.html

U.S. Food and Drug Administration. [Accessed January 5, 2015] Inter-governmental working
meeting on pharmacy compounding. Summary of Proceedings. Mar 20-21, 2014. Available at:
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/
PharmacyCompounding/UCM393726.pdf

Hellums M, Alverson SP, Monk-Tutor MR. Instruction on compounded sterile preparations at U.S.
schools of pharmacy. Am J Health Syst Pharm. 2007; 64:2267-2274. [PubMed: 17959579]
Wauller WR, Kwasiborski CL. Developing entry-level competencies in sterile product preparation:
an emerging challenge for pharmacy schools and experiential sites. Am J Health Syst Pharm.
2012; 69:1072-1075. [PubMed: 22644985]

Staal JB, de Bie R, de Vet HC, et al. Injection therapy for subacute and chronic low-back pain.
Cochrane Database Syst Rev. 2008; 3:CD001824.

Friedly JL, Comstock BA, Turner JA, et al. A randomized trial of epidural glucocorticoid injections
for spinal stenosis. N Engl J Med. 2014; 371:11-21. [PubMed: 24988555]

Huntoon MA, Burgher AH. Back to the future: the end of the steroid century? Pain Physician.
2008; 11:713-716. [PubMed: 19057623]

U.S. Food and Drug Administration. [Accessed January 5, 2015] Epidural corticosteroid injection:
drug safety communication — risk of rare but serious neurologic problems. Available at: http://
www.fda.gov/safety/medwatch/safetyinformation/safetyalertsforhnumanmedicalproducts/
ucm394530.htm

Dean DD, Maruszak MB, Sandoval LF. Spinal injections: trends in the US outpatient population.
South Med J. 2014; 107:528-529. [PubMed: 25084194]

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.


http://www.usatoday.com/story/news/nation/2012/10/11/compounded-drugs-preferred-cost-availability/1628385
http://www.usatoday.com/story/news/nation/2012/10/11/compounded-drugs-preferred-cost-availability/1628385
https://oig.hhs.gov/oas/reports/region10/11000514.pdf
https://oig.hhs.gov/oas/reports/region10/11000514.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM403496.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM403496.pdf
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm380596.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/ucm380596.htm
http://www.criticalpoint.info/Statemap/story.html
http://www.criticalpoint.info/Statemap/story.html
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/UCM393726.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/UCM393726.pdf
http://www.fda.gov/safety/medwatch/safetyinformation/safetyalertsforhumanmedicalproducts/ucm394530.htm
http://www.fda.gov/safety/medwatch/safetyinformation/safetyalertsforhumanmedicalproducts/ucm394530.htm
http://www.fda.gov/safety/medwatch/safetyinformation/safetyalertsforhumanmedicalproducts/ucm394530.htm

Page 16

Shehab et al.

(92 :auojouldwer .

XL ‘AN AN

sisusiremey slejoalg (9g49) asn 30e|-y4o auojoupwel] (94aq) oA .
_ : 3]148)s 0} 9| 1I31S-UON ‘ uonoalur rejnooenuj Ja)uad A1afuns Aiojeinquiy ON 'V1'NI 14 [e9'ev] zTOC-TTOC
‘11asInba-wnyeuIeaul WnLesn- J) shiwpeyiydopus a|ge[leAeun Ajje1aswwo) usal9 an|g juel|jug 2109 'Y
(Buibeoed-ay) 85N 19Ge|
SIEI0/SIIW SN2I090102.11S ZT) smweyydopug ; -140 ‘Buibexoed-al ‘Jonpol uondalur rejnaoeliu| qewnzioensg a1ud ABojowreyydo RE 14 29'zv] 1102
d e d 9|LI31S 01 3|LIAIS BuiBexoed d f AB d [ ]
k ; AK1abins awinjon-ybiH
(yuauodwod sp1oe ouiwe
SUSISIVIBUI BIILLIIS 6T) elwalaoeg | a]1a1s 0} 3|1AIS-UON 10 abewnioys Bnip) 1onpou uonaalur snouanenu| | uoniinu jelsualed elol anedur) endsoH v v 1] 1102
61) 1§ Bnip) d [ d (uarredur) fend [1v]
8Je2 31Nk awWn|oA-ybiH
(BuiBesjoed-ay) oSN 19Ge]
$1n22020)d343S InAjowasy-eyd|y %@ sniweyydopu3 aILI81S 01 81118 -JJo ‘Buibexoed-ai ‘Jonpoud uonaslul rejnaoesiu| gewnzioeAsg a1u19 ABojoweyydo NL NL [ov-8€] 0T02-6002
1431S 03 31L2AS Aisabins awnjon-ydiH
(uonenuasuod
Sij1qowiraned seuowobulyads g8) elwalaeg umouyun woIsna) 1onpol uonaafur snouanesju| 1Auejus jusnedur) [eydsoH an ‘vD | (paoadsns) SN 1£9¢] 1002
d buIyd (8) ) d [ A (¢ dur) end ( dsns) [ ]
aJed 8)nde awnjoA-ydiH
vloedas eLIspjoyXyIng g ) —
‘wSOUIBNIGE SEUOWIODN3SY (9) smwpeyydopug | ajue1s 01 ajuiBs-uoN | 10npoud Aisbins swnjoa-ybiH uondaful Jejnaoeaiu| an|q uedAl] A1abins ABojoweyiydo NN “O'd NIN [se] sooz
/(1) sisdas (Buibexoed-ay) 19npoud as ‘AN ‘tN ‘
SU3s82.18W BRHELISS (8T) elwai0eg a|LIaIS 01 9|LIAIS 2180 3% SWINJOA-UBIH uonasful snousaesju| aJey|ns wnisaube (yuanedur) [endsoH “IN VI VO X1 [T9‘v€] 5002
‘dds seuouwopnasd (08) e1walaioeg | o]1481s 01 3]1481S-UON o180 aynoe mE:_%q%%H ysnys Ja1ayred | apuiojyd wnipos-utredaH uane Sk%wumm_.ﬂ %H »D> Wﬂ _m__m X1 [e€] §900¢-700¢
s ;
awoIpuAs asuodsal 19Npol ot
umous|u —
Fumomn KJojewwelul SRS 0} 3|LIAIS 2180 398 SWINJOA-UBIH uoisnyur Areuoio9 eibajdoipred (uanedur) [endsoH VA aw | [o9'ze'Te] s00z-+00z
o1WBISAS
21o8da0 eLgpjoyying | () sisdas felwaisioeg umousun 2189 aIN9€ aWN| %:%%_LIQ ysnjs Ja1eyred uidAwooueA-urredaH yieay swoH 120 14 [og] v00z
(T) siosip Jequn| e ¢
SIpIIRWLIap ElElydoxT 9]1131S 0} 3|143IS-UON wm:m“NMNr\ﬁw:AwﬂM““mMMcmEzww auojosiupaidjAysN 2 uted ON oS [62'82] 2002
BjoaIn| (Seuowopnasd) seuowoas iy (2) smbulusiy Jumoudun mm:wnmm”“m\ﬁwuww_w_w%%c@&% uondalul feanpidy auojosiupaidjAyrs N umouun N 1IN [22] zooz
(1) snuywre ondss diy .
RO i k asn [age|-}o ‘(aberioys Bnip) uonoaful
SUBIS82IBL BIELIIS (g) ssaasqe [eanpida | o]1481S 01 8]1481S-UON . auoseylawelag | J81uad Assbins Aloyejnquiy Vo vo [92] To0Z
(5) snIBUILS 3|qe|reneun Ajfe1oiswwo) ol jesayduiad ‘einpid3
(ses83 >fea1qIn0 Buipunodwo asn/Buipunodwo: HoReRsiuWpY (s)1onpou A%w\xo%m (ares) sased (are1s) (4eaA)
(s)wsiuebio 40 ‘ON) P 10 m%w. v .we COmmmM Rnpo.d c&m:_vmw:om EIETITYY Amwmcﬁ_vﬁom_ Jfesaino AdeuLreyd >eslano
adA1 uonoayul 10 (s)ainoy ; R 10 (s)uoneso 10 UO0IRI0T] J0 81eq

Author Manuscript

L £T02-T00Z ‘Seyels panun ‘sa1oeweyd Buipunodwo) Aq pasedaid S1onpoid 0} paxjulT Sassau||| SUOIIIB)U] JO S)EaIgINQ Paziuboday

Author Manuscript

T algeL

Author Manuscript

Author Manuscript

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.



Page 17

Shehab et al.

‘[19] 48187 Bulusepn uoneasIUIWPY Bnig pue poo4 WoJ) paiyiluapl eloXed Yinos Ul ased [euoilippe auQ

‘[s¢7] Aoewueyd Buipunodwiod _mco_HE:wc_%

*[9T] uonoasul WU0d 0} 8JMound Jequin| INOYIM 8X0J1S JO SBSED UaABS Sapnjoul

‘[ov] Aoewureyd Buipunodwod e jou ‘Aoewreyd [endsoy e 0 payul| Jaje| aJam S$ased Inoj Se a1ay UMoys aJe 1odal SIY) Ul pagLIasap Sased aulu ayl Jo aAl Aju

‘[e€] Aoeweyd Buipunodwod ayr Aq Ino patlied syusipalbul 8]1181S-Uou JO UOIIRZI|LIAIS "Jainjoejnuew e yim uonaunfuod ur Asewseyd Buipunodwod e Ag no patised Buipunodwo

*¥

O

/A

8

‘[z€] uonnjos eibajdoip.es jo sbeq pauadoun ul paiyuapI eLIBdRY aAIRDaU WeB JaYl0o pue ads g/je.ias pue “dds seuowopnasd “dads 1810eqosaius

t

'[22] Aoewureyd Buipunodwod ay3 Aq 10 palLiied usaq aney 03 paiiodal 10npoid JO ,Uo1ezZI|1I8]1S-3Y,, "BIep paysijgndun ‘UoiUaAlId pue [013U0D asessi 40} SIalua)

gl

"Jonpoud papunodwod ay) Ui paiynuapi susBoyred sy Aj1iessadsu 10U ‘Sased ¥eslqIno |[e 4o awos Buowe painuapl suaboyred ayy 01 siajal
(s)wsiueB1Q *(Sased Mealqino-uou Ul sAem Jayio Ul pasn usag aney Aew 1onpoid) sased Yealqino Huouwe ainsodxa JO 81N0J 0] Siajal UoIesIUIWpPe 1onpoid Jo IN0y “1odal Teyl Ul Pauljap S18M S3SeD Yealqino Ydiym Ul (S)JeaA syl 01 SIajaJ Xeaiqino Jo aje "sauldipall ATeulalan
10 ‘UonRIB}NPR [RUOIUBIUI ‘(SJUBIPaIBUI BAIIOR USNEISIW J0 UoIIeINdfed abesop ul si0is *B9) siold Buisuadsip Aoew.reyd Buipunodwod 0] pajejal SIUBPIOGUI pUe S8ssau|l SNOIIdaLUI Ul 1INSaJ 10U PIP ey} SIUSPIdUI UOITRUILIELIUOD a1k papnjoXa 0S|y “(apispaq ay) Je Buijpueysiw

0] 8Np UoITeUIWEIUO0D 19npoid ““68) DISULIXS SEAM UOITRUILLRILOD JO 324N0S 8] 818UM Syeaiqino pue saioewleyd (Jesjonu ““6a) A1je1oads ui Jo saioewleyd Buipunodwod [euonmisul se painuapl Jou saioeweyd paseg-[enidsoy ul pasedald s1onpoid 01 payul| SYeaigIno sapnjox3
.

(afeuioys Bnip)

1nba sn22030poyy (ST) elWwalsloRg | 8]1481S 0] 3|1IAIS-UON o|CeIeAeUN AJ[eI2IBWWoD) uonaalur snousaesiu| 81euoan|b wnioed (auanedur) jeydsoH X1 X1 [9'29'05] €T0Z
(9) s111yo ‘swoldwAs g asn |age|-Jo .
umouxun a11-nl} 1eneS 3|1Ia]s 0] 8| 1IB)S-UON ‘a|qe|IeneUn AJ[eInlsWLIoD uonoafur snousnenu urwereqod|AyiaIN umouxun X1 X1 [s2'99'6v] €TOZ
. asn [age|
dds (BuiBesoed-ay) a a6 ‘ ‘81’
BIydo0IgYy ‘SUBOBIDE BljSIRaNUIEID (5) smwpeyydopug SLIAIS 0} BLIAIS 130 ‘Buibexoed-ai ‘1onpoud uondaful Jejnaoeaiu| gewnzioeAsg o1u119 ABojowfeyydo NI ‘'VO VO [s9'st'1v] €TOZ
AKiabins awnjon-ybiH
asn
‘dds snjj161adsy ‘seiuownaud (92) uonoayui 19qe|-0 ‘(s3.14-an11eAlasald ON . .
B1Sqa]y] ‘FBILOJ I31ILQOITIT anssi 105 pue upyg | 21+ 01 BILIaIS-UON “a1) ULI0J PaJISap uonas(ur Jejnosnwenu| auojostupaudiAyBIN SNOLIEA U4 Yy NL [¥9'9r] €T0Z-2T0Z
u1 9|qe|reAeun Ajel12Jawwo)
g 1onpoud
2108090 BLISpIOYNING (2) elwaleyoeg | 8j1J81s 0} 3]118)S-UON 2189 3)N9E SWN|OA-UBIH uo19aful snouanesu| 1AueiuaH (yuanedur) [endsoH ON ON [sv] #C10¢
AM ‘YA
e (TGL) UOROBJUL XL 'NL'0S
; ; wiof feseyduiad A il {esouduod uondaful ‘1Y 'Vd *HO
16uny 1910 ‘smebiuny ‘(ssaasqe [einpida g 18Ge|-HO ‘(88.)-aA1TeAIBSB jwiol fessyduad ‘(der]1049es NN ot
SIBISASY ‘WNIENSOs WNjIY0IasXT “Bra) uonoaguy | 1M O BILBISTUON "a'1) wuoy panisap | *“Ba) eurdsered “(>300jq 1001 auojosiupaidiAupaiy SNOLEBA | "AN N 'HN VIN [v2'65'vv'9T] 2102
Jeurdse.ed;jeurds Ul aqe[reAeuUn AjJeIoJaWwwo) anJau ‘leanpids “6°9) [eulds nw_n/___zz._\_/,___ _.<_,“
J1ayo ‘simbulusiy ‘al'vo 14
(seseD Yea1qIng 5 uoIeLISIUILIPY PSS9 | (ayess) sesen (@ve15) (esp)
" uipunodwo) asn/Buipunodwo) (s)1onpoid (s)1onpoud
(s)wsiuedio 40 ON) J0adAL 10} uoseay npo.d pajeuiweIu0) aJ1ay M (s)buimes Jesano AdeuLreyd ealano
adA] uonoayul 10 (s)ainoy ; SIBII[EOH 10 (s)uoyeso 10 UO0IRI0] 10 81eq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 September 01.

J Patfent Saf. Author manuscript



Page 18

Shehab et al.

*U0I198JUI PaIRID0SSE-81edUl[eaH = |WYH ‘UolRSIuIWPY Bnid pue poo4 = a4 :SUoNeIAIGqY

"Yd4 a8y 01 s1onpoud papunodwod wody susAs astaApe Jo Buriodai Buipnjoul
‘sjuswialinbai Buniodal w4 urenad 01 399lgns aq [[1M SanI|Ioe) 8sayl ‘Sanif1oe) Buldinosino paisisifial-ya4 4o A106a1ed Mau e paleald £T0Z ‘22 JaquIBAoN Uo 19y Aiend Buipunodwo) ayy o abessed ay |
¥

. paainbal usaq Jou sey Ajeauioisy saroewreyd Butpunoduwiod Ag a4 0 suoiesedaid aj12)s papunoduod wouy spuans Bnup esienpe jo Buniodas Aloyepueiy

suonetedald a11181s papunodwod JO UoINQLISIP dXelS-1INW 10/pue ANj19e)-iinw 0} Buimo siapinoid pue saniioey ajdnnw 03 asaid sased .

(4918y382 BuIjjampul “*69) uondasul/RINSOdxa 40 aMs Jo (porad uoregnaul Buoy yum uaboyred [ebuny ““68) usboyred syl uo Buipuadap pakejap ag ued ssauj|l SNOIIIBLUI JO UOIRIUSSAId .
S|VH 10 Sasned uowiwod ag Aew panjoAul suaboyred -
sBuInas a1eayieay ul pazijin Ajuowwod ag Aew PaAJOAUL SUOIIRIIPAIA| -

UOITRUILLIBIUOD JO S324n0S [enualod se paziuBooas Ajipeal Jou suonesedald a1181s papunodwo) .

sa1oewaeyd Buipunodwod Aq pasedald S19Npoid 01 payulT] $assau]|| SNOI1YajU| JO SYea1qInQ JO uonaaleq ul sabuajeyd

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Patfent Saf. Author manuscript; available in PMC 2019 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Shehab et al.

Page 19

Table 3

Examples of Common Deviations from Sterile Compounding Standards in Recognized Outbreaks of
Infectious Ilinesses Linked to Products Prepared by Compounding Pharmacies, United States, 2001-2013

Compounding Practice Domain

Example Deviations in Standard Practices

Personnel Competency

Lack in qualifications or training of compounding personnel
Poor PPE practices (e.g., gowning, gloving, masking)

Poor aseptic practices (e.g., contamination of syringes, needles, and clean space; use of
single-use vials as multi-use vials)

Lack of personnel follow-up, corrective actions

Lack of documentation of personnel competency

Environmental Quality and
Control

Lack of adherence to USP Chapter <797> clean room specifications

Introduction of materials from uncontrolled environments into clean work spaces
Lack of adequate environmental monitoring (air, surface, personnel)

Lack of real-time temperature monitoring

Lack of documentation of maintenance and cleaning logs of major equipment
Reliance on sub-standard base ingredients

Lack of visible instructions for equipment use and troubleshooting

Conflicting labeling/documentation of sterile vs. non-sterile raw materials

Quality Assurance

Inadequate sterilization (e.g., filtration, autoclaving) procedures
Inadequate or no sterility, endotoxin testing

Limited to no follow-up on sterility or endotoxin testing
Release of product prior to sterility or potency assurance
Storage practices unsupported by safety or efficacy data

Beyond use dating unsupported by stability or sterility data

Abbreviations: PPE = Personal Protective Equipment; USP = United States Pharmacopeial Convention.
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