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Abstract
Hospital radiopharmacies have progressed from the chemistry laboratory in the

basement where radioactive solutions were mixed to state of the art pharmaceutical facilities
adjacent to nuclear medicine imaging suites. This progress can be attributed to new types of
radiopharmaceuticals, advancements in nuclear instrumentation and equipment and
competencies of individuals trained in Radiopharmacy practices. We are now entering another
phase in the development of radiopharmacies which emphasizes both health care delivery and
patient outcomes. Using a pharmaceutical care approach combined with expert
Pharmaceuticals services, the direct and responsible provision of medication-related care for
the purpose of achieving definite outcomes that improve a patient's quality of life can be
accomplished in radiopharmacies. At a time when the health care system is undergoing
momentous change, hospital radiopharmacies are challenged to aggressively pursue a clinically
oriented role and to look at how the continued development of radiopharmacies can and should
evolve beyond their operational characteristics.

1. INTRODUCTION

From the late 1960s to the mid 1990s, hospital based radiopharmacies have progressed
from the "chemistry laboratory in the basement where radioactive solutions were mixed" to
modern state-of-the-art, task-specific radiopharmacies adjacent to or immediately within
clinical nuclear medicine imaging suites. This progression can be attributed to a variety of
changes in the types, quantities and availability of primary radionuclides; the growing
sophistication of radiopharmaceuticals; a constantly advancing technology in nuclear
instrumentation and equipment with computer assisted operations; and a resource of specialty
trained individuals with pharmaceutical expertise and radiopharmaceutical experience.

Historically, radiotracers (radio-medications) were mixed (compounded) on chemistry
laboratory benches often times by personnel who were apprenticed by radiochemists and
physicians or who acquired their skills by learning on-the-job. A number of highly competent
radiochemists started the development of novel classes of radiopharmaceuticals, specifically
those prepared with Technetium 99m. In 1969, the concept that a pharmacist whose basic
pharmacy knowledge and pharmaceutical technical skills can be applied in processing
radioactive materials was formalized into the Radiopharmacy Program at the University of
Southern California, School of Pharmacy, Los Angeles, California USA. Additionally, in the
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1970s, amendments to the United States Food, Drug and Cosmetic Act defined radiotracers as
radioactive drugs and Nuclear Pharmacy was established as a specialty practice in pharmacy by
the American Pharmaceutical Association and American Society of Hospital Pharmacists (now
called American Society of Health-System Pharmacists). The combination of these important
events promoted the recognition of the radioactive drug (radiopharmaceutical), the
radiopharmacist and a specialized facility and practice site, the radiopharmacy.

Until the 1990s, many of the daily tasks that were performed in the hospital
radiopharmacy by radiopharmacists often mirrored the tasks that were usually performed by
nuclear medicine physicians, scientists, technologists and physicists. Product preparations were
simple with one class of radiopharmaceutical which was prepared using one single method of
manufacture and usually for one type of nuclear imaging procedure. Purity checks on these
preparations were performed in a timely manner often only to confirm a recommended labeling
effectiveness. Nuclear instruments such as well detector counters and isotope dose calibrators
had push button technology but still required operator presence for the instruments' quality
control checks. Dispensation of most radiopharmaceutical injectables required syringes to be
manually filled to a calculated volume and manually checked in an isotope dose calibrator to
validate the amount of radioactivity. Radiopharmaceuticals were dispensed in a manner to
insure that the correct dosages were to be administered to the right patients at the right times
with all the appropriate documentation required by regulatory agencies. While
radiopharmacists were highly trained and competent to be the drug specialists on the nuclear
medicine team, these operational tasks and product oriented services remained the main focus
throughout the 1970s and 1980s.

2. PROCEDURAL CHANGES

The 1990s has seen an unprecedented development of new radiopharmaceuticals,
increased professional expectations, new regulatory demands and diversification of
radiopharmaceutical preparations. Several different products can have the same radionuclide
and clinical indications, thus "poly-radiopharmacy" emerges and parallels traditional and
evolving pharmacy practices. The same product may also be available from several
radiopharmaceutical corporations. Brand name or proprietary radiopharmaceutical products
are distributed by several radiopharmaceutical distributors which may have their manufacturing
origin from one manufacturer. The parent radionuclide molybdenum 99 is supplied by a single
source (Nordion, Canada) to several manufacturers of Technetium 99m Generators. One of
these manufacturers may supply their trademark Tc99m generators to another manufacturer
with only a label change indicating "Mfg by ... for ...". Reagent kits for the preparation of
Tc99m labeled products such as Technescan® Sulfur Colloid (Mallinckrodt) and
TECHNETIUM Tc99m Sulfur Colloid (Amersham) are manufactured by CIS-US, Inc.,
Bedford, MA.

Products are offered by various manufacturers that have the same United States
Adopted Name (USAN) name and may be generically and biologically equivalent; yet are not
pharmaceutically equivalent since they may contain different amounts of drug and excipients.
Technescan® DTPA (Mallinckrodt), DTPA (Chelate) Multidose (Amersham) and DTPA
(Dupont Pharma) have different milligram amounts of DTPA and different salt forms. Original
formulations may also change to improve stability by changing pH or adding a stabilizer such
as para-aminobenzoic acid as in the case of DTPA (Dupont Pharma). Technescan® MAA
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(Mallinckrodt), Pulmolite® (DuPont Pharma) and MPI MAA KIT (Amersham) reagent kit
vials contain different milligram amounts of albumin and different numbers of aggregated
albumin particles. These particles also have different shapes, sizes and fragility. A different
method of preparation of these generic products is also recommended by each of the
manufacturers and becomes an important issue when regulatory agencies require "product
preparation following the manufacturers' guidelines". A single brand name or generic product
may now have different methods of preparation which result in a different type of preparation
with its own unique biodistribution and/or use for a specific indication. Tc99m Succimer
(dimercaptosuccinate) has a different biodistribution and organ/cellular localization depending
upon the pH during preparation. Tc99m Exametazime may be stabilized with 5mg Methylene
Blue Injection USP to extend the expiry period from thirty minutes to four hours for use as an
adjunct in the detection of altered regional cerebral perfusion in stroke. Tc99m Exametazyme
without methylene blue is recommended for labeling autologous leukocytes for use as an
adjunct in the localization of intra-abdominal infection and inflammatory bowel disease. The
use of radiopharmaceuticals by different medical specialties and subspecialties is evolving
rapidly. Once thought to be strictly for diagnostic use in a few medical specialties,
radipharmaceutical therapeutic treatment dosages are making rapid strides, especially using
monoclonal antibodies. The use of radioactive forms of drugs in monitoring drug
pharmacokinetics, biodistribution and pharmacokinetics of chemotherapeutic agents and
human pathophysiology are within this decade.

The preparation of some radiopharmaceuticals have come full circle from the time-
consuming chemical synthesis of the 1960s to the " instant kit compounding" of the 1970s to
return again in the 1990s to labor-intensive, multi-step synthesis reagent kits. Some
monoclonal antibody reagent kits require mutiple additives, heating and cooling at specific
temperatures, and filtration of the final product. Tc99m nofetumomab merpetan (Dupont
Pharma) requires the following steps: (1) formulation of a ligand, (2) formation of a Tc99m
ligand ester, (3) incubation at hot and cold temperatures, (4) Tc99m labeling with incubation
and (5) purification with anion exchange filtration. Purity tests on radiopharmaceuticals
prepared in the hospital continue to be performed on a routine basis. Previously, radiochemical
purity testing was only a suggestion by the product manufacturer and the recommended
radiochemical purity limit was often not stated. Recently revised product information supplied
with reagent kits now include in the preparation instructions that "the radiochemical purity of
the prepared radiopharmaceutical should be checked prior to patient administration". A few
product information brochures include the manufacturer's recommended radiochemical purity
limits and add the statement that "if radiochemical purity is not adequate, discard the finished
drug". New product information not only include labeling effectiveness information but now
emphasize the identification of the predominant labeled species of the drug. Tc99m labeled
exametazyme, mertiatide, teboroxime and sestamibi require that the predominant species be in
a lipophilic chemical form. A three part chromatography system is used to identify the
percentages of lipophilic, hydrophilic, pertechnetate and reduced-hydrolyzed technetium
species of Tc99m Exametazyme. A two part solvent-chromatographic filter system is used to
define the percentage of Tc99m Mertiatide, hydrophilic impurities and non-elutable impurities.
The lipophilic species of Tc99m Teboroxime and Sestamibi are identified from the soluble
contaminants and reduced-hydrolyzed Tc99m using a dual chromatographic system. Although
practice experience shows that batch testing for radiochemical purity rather than individual
preparation testing is sufficient in most instances, this part of purity tests for quality control of
radiopharmaceuticals are routinely performed since the manufacturers emphasize that the final
formulation be tested for radiochemical purity.
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3. OPERATIONAL CHANGES

Analytical measurements for radioactivity are now performed with computer-assisted
instrumentation found in isotope dose calibrators, spectrometers and P-10 gas-operated
imaging scanners. A menu driven dose calibrator can automate tasks such as inventory
control, dosage calculation, radiochemical purity data, dose calibrator quality control tests and
print hard copy information to satisfy regulatory requirements for record keeping. A system of
independent dose calibrator ion chambers can be networked to a single console or operate with
remote displays. The newer displays list the radionuclide and radioactivity; a welcomed
feature which eliminates accepting a measurement on a wrong radionuclide setting. Dose
calibrator ion chambers surrounded with additional auxiliary shielding and placed into the
countertop or containment hood at surface level reduce radiation exposure through increased
shielding, and decreased handling distance and time. A pneumatically driven vial/syringe
plastic lift for the ion chamber can replace the "hands on" lift technique further reducing
radiation exposure to fingers and hands. With a special lead or tungsten elution canister fitted
to a mechanical canister separator/lift device (Cap-Mac, Capintec, NJ) that is inserted into the
dose calibrator ion chamber, a Tc99m Generator can be eluted, the Tc99m measured, and the
Mo99 contaminant assayed without removing the device from the dose calibrator. Thus
several manual transfers of the elution vial are eliminated thereby further reducing radiation
exposure to extremities. Dose calibrators are now specifically designed to measure large
quantities of radioactivity (up to 800 curies), beta nuclides, and brachytherapy sources
(Capintec). Spectrometers for well counters and multi-channel analyzers can be menu-driven
instruments (Capintec) or operated by a computer (EG&G Ortec, TN). These instruments are
bundled with specific procedure menus to analyze wipe tests which can identify a Kev energy
range and convert from cpm to dpm or nCi and prompt entries for nuclear medicine Red Cell
Volume and Schilling Tests. An imaging scanner allows rapid analysis of chromatography
sheets/strips with automatic printed data and graphics. An imaging scanner is currently in use
that provides high sensitivity digital data in one measurement from an entire chromatogram
without mechanical stepped scanning ( Bioscan, Inc., Washington, DC).

Preparation of radiopharmaceuticals that are free of particulate and microbial
contamination is maintained using standard in-process aseptic techniques and a biohazard clean
air cabinet that protects both the preparation and the preparer. Several small biohazard hoods
are advantageous when several types of preparations need to be prepared or started at the same
time. Thus Tc99m labeled reagent kits can be prepared simultaneously with Tc99m red blood
cells and In l l l white blood cells without potential cross-contamination or interrupting the
preparation time sequence requirements. Chemical exhaust hoods have been designed
specifically to process potentially volatile and gas radiopharmaceuticals. These hoods are now-
called radiation fume hoods and feature lead glass sashes and single piece interiors to simplify
clean up and decontamination procedures.

Quality control tests for purity on routine hospital prepared radiopharmaceuticals
continue to be performed prior to patient use with the exception of tests for sterility and
pyrogens. The tests for sterility and apyrogenicity remain standard quality testing procedures
but may be batch or composite samples collected for random testing of "processing methods".
The use of the Bacterial Endotoxin Test (BET, United States Pharmacopeia) continues with
LAL (Limulus Amebocyte Lysate) testing for end-product evaluation for the presence of gram-
negative endotoxin. In 1997, the standards for endotoxin have been harmonized among the
United States Pharmacopeia, European Pharmacopeia, and the World Health Organization.
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The common standard for endotoxin biological activity or potency is now the International
Unit (IU) where 1 IU is the equivalent of 1 Endotoxin Unit (EU, United States Pharmcopeia).
The time required to perform a Bacterial Endotoxin Test in some radiopharmacies is shortened,
under controlled conditions, to reduce product activity loss of selected products with short
lived radionuclides and provide a result prior to product administration. Dispensation of
radiopharmaceuticals is being performed with robotic techniques for the preparation of reagent
kits and filling of syringes (Advanced Manufacturing and Mechatronics Centre, Middlesex
University, London, U.K.). A drug monitoring computer software system shows promise in
not only improving dosing accuracy, but also in performing calculations quickly, and
dramatically reducing the risk of human error. Computers with software dedicated to record
product and patient information as well as routine radiopharmacy tasks allow for specific
printed information for labels to be attached to unit of use patient dosages (Nuclear Pharmacy
Manager™, Dupont Pharma). A properly labeled patient dosage provides information
verification should a medication misadventure (misadministration) occur or when a patient has
an adverse drug experience. Hospital radiopharmacies that service remote sites and other
health care facilities will soon be able to use telecommunications to access these individual
sites to monitor most activities related to the radiopharmaceutical.

No discussion about Radiopharmacy is complete without mentioning the tools of the
trade. Over the last decade, the amount of radioactivity handled in a hospital radiopharmacy
has increased to curie quantities in a single day. With multiple elutions of large generators and
the preparation of multiple products per day and combined with the trend towards higher
patient dosages, radiation safety issues are major concerns for personnel. Fortunately, devices
for personnel radiation protection continue to improve with "L" body shields of varying
thickness of lead without open seams and with the highest density (6.2 gm/cc) lead glass.
Traditional lead shields for vials and syringes are being replaced by high density tungsten
which is more durable than lead alloy or lead and acrylic glass. The same products are
modified for high-energy radiopharmaceuticals and for the 511 keV products. Eyeglasses and
light weight lead vinyl aprons are accessory items which offer additional radiation protection.
Storage of patient bodily fluids contained in needles, syringes, tubing and absorbents require
special handling as biohazardous materials. Plastic Biohazard Sharps Containers are
mandatory storage containers for sharp items in patient areas. Syringe and needle
combinations and related devices are disposed into these containers immediately after patient
administration. This practice helps avoid contact with the patients' bodily fluids and
eliminates the chance that the syringe and needle may be inadvertently used on another patient.
Lead-lined Sharps Shields have been designed for exact fit to various types of plastic sharps
containers and comes with a key lock safety feature which meet certain regulatory occupational
safety conditions. These container combinations are also used as direct depositories for
syringes and needles used in compounding radiopharmacueticals in the radiopharmacy. Newly
designed or remodeled storage areas with leaded-lined walls and lead-lined storage cabinets
allow for storage of brachytherapy sources, dose calibrator reference standards, camera flood
sources and organ phantoms. Since many nuclear medicine departments may have standard,
LFOV, Dual and Triple Head cameras, several flood source phantoms of different sizes and
shapes need to be safely stored when not in use. Special rooms for short and long term storage
are now being specially designed and equipped with sinks, body fluid waste sinks, food
garbage disposal units, and a high-rate ventilatory exhaust system that continuously removes
odors from long-term storage waste items of 1131, 1125, Sml53 , Sr89 and other long-lived
radionuclides.
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4. PHARMACEUTICAL CARE

In the Hospital Radiopharmacy, the need for manufacturing, compounding,
dispensation and distribution functions remain and continue to grow in spite of the upheaval in
health care delivery, and the re-engineering of the pharmaceutical industry and hospital
systems. Increasingly, the use of nuclear medicine continues to shift to an outpatient service as
inpatient services become restrictive. This change to outpatient services requires delivery of
superior service at a reasonable and competitive cost and in a timely manner. In addition, all
the changes, in the demands for health care, the changing nature of diseases that need to be
treated, an aging population with age-specific problems, the impact of recent health care
legislation, managed care mandates and a changing pharmacy profession, have challenged the
status of both the radiopharmacist and the operational considerations of the radiopharmacy.
Many Radiopharmacy programs have responded by aggressively pursuing their distributive,
managerial, and especially their clinical role. Radiopharmacies updated current practices,
encouraged facility and equipment upgrades, and refined unit of use dosage distribution, drug
information resources and computerized patient drug profiles. However, the often
unrecognized feature of radiopharmacy services that needs to be reassessed is the potential
impact on health outcomes. Using a pharmaceutical care approach combined with expert
pharmaceutical services, radiopharmacy services can have a real, positive outcome on patient
care. Pharmaceutical care is the direct, responsible provision of medication-related care for the
purpose of achieving definite outcomes that improve a patient's quality of life. It is the goal of
pharmaceutical care to improve an individual patient's quality of life through achievement of
definite (predefined), medication-related outcomes. Already in the clinical arena, the
radiopharmacist is readily available to interact and prospectively consult with other health care
professionals to achieve these outcomes. Specifically valuable would be proactive
interventions, rather than restrospective evaluations, that would influence outcomes in
diagnostic imaging studies and radionuclide therapy. Since the expertise in radiopharmacy
practice is the drug component, it is reasonable then that the drug use/patient outcome focus on
drug related events. Early interventions prevent potential suboptimal tests which affect patient
outcomes through postponement or incorrect study results. Examples are potential drug related
problems associated with thyroid, coronary vessel and neuroendocrine nuclear medicine
procedures. A myriad of iodine containing drugs affect the thyroid uptake of iodine
radiopharmaceuticals, caffeine containing drugs affect a cardiac-pharmacological stress test
induced with dipyridamol, and norepinephrine related drugs affect adrenal gland uptake of
iodinated iobenguane (MIBG). Albeit, anecdotal, health outcomes are preceded by increased
knowledge assessments from diagnostic nuclear medicine studies and the use of the
appropriate radiopharmaceuticals; safety and effectiveness of the radiopharmaceutical/drug
regimen; cost control, minimization and effectiveness; and most importantly patients' needs,
expectations and satisfaction. Patient education and preparation become extremely important
since many patients are taking medications and want to know "what is a radiopharmaceutical"
and how it may affect the medications they are taking. Patients as consumers demand detailed
information on their conditions and diagnoses and on the quality and outcomes data of the
facilities, health care providers and services. Radiopharmacists frequently offer drug
consultation and consumer information for these kinds of inquiries. There remains a need to
review the patient's medication history, identify and prioritize items which are necessary to
insure optimal radiopharmaceutical usage, and most appropriately to recognize and take
appropriate intervention and monitoring actions. These features go beyond the operational
characteristics of a radiopharmacy and surely contribute to the improvement in health care
outcomes.
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5. SUMMARY

Radiopharmacy continues to endorse the concept of pharmaceutical care, which
basically involves the processes by which patient outcomes and quality of life are optimized,
and proactively continues to determine the best way to use radiopharmaceuticals and clinical
services for the benefit of the patient. Furthermore, a more sophisticated, integrated system
needs to evolve that will make the most efficient use of modern technologies to provide the
best in pharmaceutical (radiopharmaceutical) care. Such a system will make extensive use of
computerization and telecommunications for guiding and monitoring productivity, for
integrating drug and patient information, for analyzing pharmacoeconomics and
socioeconomic elements, and for allowing novel applications of radiopharmaceuticals and
radiopharmacy practices. While many of the conceptual changes discussed apply mostly to
the United States, they could and should be the harbinger of things to come in hospital
radiopharmacies in all countries throughout the world.
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