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    Abstract
Our objective was to develop a software application that allows us to easily manage a portable database of information on radiopharmaceutical interactions with drugs or other agents and on radiopharmaceutical adverse effects. Methods: The application was developed and compiled with a commercially available data management system and programming language. All data entered into the database came from the scientific literature and were accompanied by their bibliographic references. Results: We developed the database, which we have called Datinrad. To date, it contains 275 drug interactions and 44 records of adverse reactions to radiopharmaceuticals. Conclusion: Datinrad contains all the information published to date on drug–radiopharmaceutical interactions and adverse effects of radiopharmaceuticals and allows users to introduce new data from future publications. The collection of these data and their easy availability to all nuclear medicine personnel will be useful in the recognition of a possible adverse reaction or drug interaction that may alter the radiopharmaceutical biodistribution and lead to a misdiagnosis. This open-access database application is available free of charge in both English and Spanish at www.radiopharmacy.net.

	nuclear medicine
	radiopharmaceutical database
	drug interaction
	adverse reaction

A radiopharmaceutical is a pharmaceutical that, when ready for use, incorporates one or more radioactive isotopes. Around 95% of radiopharmaceuticals are used for diagnostic purposes, and the rest are used for treatment of human diseases. Radiopharmaceuticals usually have no pharmacologic effects, as they are used in trace quantities. Thus, significantly unlike conventional drugs, there is no dose–response relationship for radiopharmaceuticals. Even when a radiopharmaceutical is used for therapeutic purposes, the effect achieved is not a pharmacologic consequence but a consequence of radioactivity. However, some exceptions exist, because radiolabeled particles present some potential mechanical issues, such as the embolic effect created by 99mTc-macroaggregated albumin and 90Y resin particles or beads. In the case of 99mTc-macroaggregated albumin, a sufficient number of particles need to be administered to avoid a nonuniform spatial distribution of radioactivity in lung regions; on the other hand, an excess of particles can produce acute toxicity, especially in patients with severe pulmonary hypertension. Therefore, it is important to determine the ideal number of particles for a satisfactory lung scan (1,2). As for 90Y resin particles or beads, which are used for therapy of primary and metastatic cancer in the liver, their particle size is 20–60 μm and about 20–40 million particles per administration are needed to deliver an equivalent amount of radioactivity into the tumor. These factors increase the probability of blood stasis in the arterial vessel that supplies the tumor during therapy (embolizing effect), as well as the probability of a backflow of spheres into small collateral arteries to the stomach, duodenum, or pancreas. This phenomenon may be eliminated by applying SPECT/CT to detect accidental deposition of microspheres after application of 99mTc-macroaggregated albumin (3).
The biodistribution or pharmacokinetics of radiopharmaceuticals may be altered by a variety of drugs, disease states, and surgical procedures (4,5), which can have a significant clinical impact on safety, scan interpretation, and diagnostic imaging accuracy. In their most extreme manifestations, unanticipated imaging results may even compromise the utility or accuracy of nuclear medicine studies. A recent comprehensive review (6) summarized the altered biodistribution of radiopharmaceuticals, with special emphasis on the molecular mechanisms involved. Important factors affecting the biodistribution of radiopharmaceuticals fall into 5 major categories: problems with radiopharmaceutical preparation and formulation; problems with radiopharmaceutical administration techniques and procedures; problems caused by changes in biochemical and pathophysiology; problems caused by previous medical procedures (such as surgery, radiation therapy, and dialysis); and problems caused by drug interactions.
It is also possible that an adverse reaction may occur when a radiopharmaceutical is administrated (7). It is therefore important to clarify the difference between a drug interaction and an adverse reaction.
A drug interaction is defined by the Food and Drug Administration (8) as a drug–drug interaction that can lead to a change in systemic exposure, resulting in variations in the response to the coadministered drugs. Therefore, it is important to evaluate potential drug interactions before market approval and during the postmarketing period. Drug interactions with radiopharmaceuticals may lead to poor organ visualization, which can lead to misdiagnosis or the need to repeat the procedure, resulting in unnecessary irradiation of organs. Drugs or other agents such as parenteral nutrition may interfere with the nuclear medicine tests in several ways: they can directly alter the chemical identity of the radiopharmaceutical or they can affect the physiologic state of the target organs.
An adverse drug reaction is defined as any undesirable effect of a drug beyond its anticipated therapeutic effects during clinical use. An adverse reaction to radiopharmaceuticals is defined as any symptoms or response that is unexpected or unusual and undesirable. Most radiopharmaceuticals are used for diagnostic purposes and are administered in microdoses—that is, doses too low (a few micrograms) to cause pharmacologic effects but high enough to allow the cellular response to be studied. Therefore, adverse reactions to radiopharmaceuticals are generally rare, mild, and reversible without medical treatment (9–11). However, extravasated therapeutic radiopharmaceuticals can cause tissue damage because of high radiation (12–15).
For patient safety and prevention of misdiagnosis, physicians and other members of the nuclear medicine staff have to be aware of adverse reactions to radiopharmaceuticals and of drug interactions with radiopharmaceuticals. Considerable information on documented drug and radiopharmaceutical interactions has been tabulated (4,16), as have adverse reactions to radiopharmaceuticals (17).
The aim of this project was to develop a personal, portable database application that allows entry, storage, and retrieval of radiopharmaceutical interactions with drugs or other agents and adverse effects of radiopharmaceuticals. Such an application can serve as a means to collect published information—both previous and new—and as an easy-to-use reference tool for nuclear medicine specialists in their daily clinical practice.
MATERIALS AND METHODS
Development of the database application, which we have called Datinrad (http://www.radiopharmacy.net/datinrad.html), included 4 stages: specifications, design, implementation, and testing (18).
Database Design
To develop Datinrad, we selected Microsoft Access, which is a relational database management system. In a relational structure, data are stored in sets of tables that are interrelated through fields having matching keys. The programming language was Visual Basic for Applications (Microsoft). The criteria adopted to evaluate and validate the stability of the software were compliant with the Good Automated Manufacturing Practice rules (19).

Implementation
The minimum hardware requirements for Datinrad are a Pentium 4 processor (Intel) or equivalent and 2 GB of random-access memory. The required operating system is Windows XP Service Pack SP 2 or later (Microsoft), and the required software is Access XP or later (Microsoft) or its runtime.

Data Collection
To build the database, a review of the literature on drug interactions with radiopharmaceuticals was performed using systematic review criteria. Computerized databases such as PubMed, MEDLINE, EMBASE, SCOPUS, and Google scholar were searched using MeSH terms and keywords such as radiopharmaceutical, drug interaction, pitfall with radiopharmaceuticals, interference, and biodistribution of radiopharmaceuticals. To locate papers about adverse reactions with radiopharmaceuticals, we included in the same databases the terms adverse reaction, side effect, and radiopharmaceutical. These searches were supplemented by information from major radiopharmacy textbooks.


RESULTS
Datinrad provides 2 modules: one for interactions with radiopharmaceuticals and another for adverse reactions to radiopharmaceuticals. Every module has 2 kinds of screens: a white screen to perform queries and a red screen to add, delete, or modify records. The information must be entered into the database using a specific form (red) other than consultation (white), to ensure the integrity of data stored in the database. Figure 1 shows the user interface screen for determining interactions with radiopharmaceuticals. The screen includes a text box in which users can enter a term for a selective search by any field (radiopharmaceutical, interfering agent, study, effect, or reference). Likewise, the consultation screen of adverse reactions to radiopharmaceuticals has a text box in which users can enter a term for a selective search by any field (radiopharmaceutical, reaction, classification, or reference). Each screen has a button to change from the datasheet view to the form view and vice versa.
[image: FIGURE 1.]
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FIGURE 1. Datinrad user interface screen for interactions with radiopharmaceuticals.



Our literature review identified 281 potentially relevant studies and 6 comprehensive reviews (20–25) about drug interactions with radiopharmaceuticals, along with 23 papers about adverse reactions (5 case reports and 18 studies about prevalence in different countries based on responses to questionnaires sent to nuclear medicine institutions).
To date, Datinrad contains 275 drug interactions, distributed among 158 records, and 44 records of adverse reactions to radiopharmaceuticals.
Datinrad can be transported from one computer to another using a flash drive, a compact disk, or any portable medium, provided both computers have the required operating system and software.

DISCUSSION
Information on drug interactions with radiopharmaceuticals is becoming increasingly abundant—so much so that the nuclear medicine staff can feel overwhelmed. The challenge, therefore, is to keep all this information organized and accessible. Although the occurrence of adverse events in nuclear medicine has been rare (17,26–28), they may be seen more frequently in the future because of the administration of contrast agents in hybrid imaging and the increasing use of therapeutic radionuclides that have a significant risk of subacute and chronic toxicity (29). The consequent greater diligence required in reporting adverse events will be aided by having more easily accessible reporting systems.
There is no single system for reporting adverse events associated with radiopharmaceuticals. Different countries have different systems. For instance, the Radiopharmacy Committee of the European Association of Nuclear Medicine maintains an adverse reaction and defective product database hosted by the British Nuclear Medicine Society. However, underreporting is a recognized problem; for example, annual reports about the European Association of Nuclear Medicine database have not been published in recent years. In addition, adverse events may be described in scientific articles without being entered into a database.
In the United States, the Radiopharmaceutical Drug Information Center was developed in 1997 through a joint project between the University of Kansas Medical Center and the University of New Mexico. In connection with this international project, an article was published describing the development of the Radiopharmaceutical Information Database (RID) (30). To our knowledge, RID was the first attempt to develop a computerized database specifically for radiopharmaceutical information. However, this application is no longer available on the Internet.
All these considerations suggest that a logical framework should be created to enable review-based clinical decision making. For this reason, we aimed to develop a personal, portable database that compiles known reactions and interactions with radiopharmaceuticals from clinical and experimental evidence.
Users can choose between 2 options for updating Datinrad: in the first, users can personalize their copy of the application by adding, deleting, or modifying records; in the second, users can download an updated version that the authors will make available every year or so as they add new data appearing in the literature. These 2 options are not mutually exclusive: users who choose to personalize their copy can also download the updated database. The date of each update will be indicated on the Datinrad Web site.

CONCLUSION
Drug interactions with radiopharmaceuticals and adverse reactions to radiopharmaceutical should be better documented and reported. Collecting these data and providing all nuclear medicine staff with access to them may help decrease the incidence of adverse reactions to radiopharmaceuticals and prevent misdiagnoses. To this end, the database software application Datinrad might play an important role and would be particularly welcomed as a quick guide for routine daily use by nuclear medicine staff in hospitals.
Datinrad contains all the information published to date about radiopharmaceutical drug interactions and adverse reactions, besides being customizable by individual users who wish to enter new interactions or side effects that appear in the literature. Users can also download periodic updates that will be made available by the authors of the database. These compiled, easily available data may help the nuclear medicine staff to recognize a possible adverse reaction or a drug interaction that may alter the radiopharmaceutical biodistribution and lead to a misdiagnosis.
This open-access database is available in both English and Spanish, and its registration license key is free of charge. Any questions, ideas, or suggestions from nuclear medicine and radiopharmacy professionals about improving the database software will be welcomed (datinrad{at}radiopharmacy.net).
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