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Abstract
Objectives: The need to monitor, track, evaluate and proper manage adverse drug reactions (ADRs)
in the hospital setting has become a fundamental component of the routine clinical practice and of
the healthcare system. Computerized systems are used for such data entry, storage and further
analysis with the final goal of avoiding ADRs. This paper describes a database designed for this
purpose as part of a pharmacovigilance program in Romania. Methods and Setting: Stimulated
spontaneous reporting is the method used for the detection of ADRs in two internal medicine
departments. The ADRs collection is paper based. The information is further evaluated for various
parameters and then the data is entered into the database. In the design of the database we took
into consideration some basic requirements for such a database: comfortable user interface with
easy access and handling, high level of security, data protection and desired statistics. Results: The
database was designed in order to include a complete description of ADRs (e.g. causality,
preventability, severity, outcome, type of ADR, risk factors, drug interactions). Auxiliary databases
such as ICD-10, ATC codes and the MedDRA terminology are being used. The database has been
in operation for a year, during which approximately 250 ADR case reports have been evaluated and
entered. Conclusions: To improve and strengthen the ADRs reporting at a hospital level we
developed and populated a computer-based system for standardized collection, evaluation and
storage of ADRs that could be further adopted by other academic hospitals that want to keep track
of preventable ADRs.
Keywords: Adverse drug reactions; Pharmacovigilance program; Database; Hospital setting.
Introduction
It was emphasized that pharmacovigilance is a clinical specialism essentially concerned with the
diagnosis and treatment of patients with adverse drug reactions and the proper study,
documentation and reporting of such cases would be a natural part of the hospital setting [1].
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Adverse drug reactions (ADRs) are widely recognized as a common problem in hospitalized
patients. According to the literature, the incidence of the ADRs leading to hospitalization varies
from 1.8% to 12.8% [2-5]. A meta-analysis of observational studies concluded that ADRs related
hospital admissions in general population account for 4.1% and subgroup analysis showed that for
elderly people the odds of being hospitalized for an ADR is 4 times higher [6]. ADRs can also
occur during the hospitalization, affecting up to 19.2% of the patients [7, 8]. In Romania data are
limited. A prospective observational study conducted at the University of Medicine and Pharmacy
in Cluj-Napoca reported that the overall incidence of serious ADRs in the hospitalized patients was
4.7% [9].
In Western countries computers and information technology have increasingly been adopted to
assist the healthcare system, modern and reliable information technology now being used for
various purposes: from administrative ones to public health surveillance and research purposes
based on the collection of health data, on a routine basis, mainly from hospitals and general
practitioners [10, 11].
With respect to postmarketing drug safety surveillance, either large routine data sources are
being used for different hypothesis testing studies, either especially designed pharmacovigilance
databases. Adverse drug reactions databases such as the ones maintained by the regional or national
pharmacovigilance centers or the WHO database (Vigibase) are used for data storage, data
screening, data retrieval and analysis. They have permitted the generation of signals in
pharmacovigilance and a timely communication of safety issues [12-14].
At a hospital level, the existence of computerized prescription and laboratory results databases
has enhanced the possibility for screening and signaling ADRs and drug-drug interactions in
hospitalized patients. Hospital-based systems can increase the reporting of known ADRs, but their
value for detecting new, unlabelled ADRs is yet unclear. All these programs are mostly meant to
prevent medication errors arising from inappropriate prescription [15-17].
In Romania computerization in primary and in secondary care was introduced late, only in the
1990s. Nonetheless, routine hospital patient administration systems are not fully available in many
hospitals. Moreover, pharmacovigilance activities are at their very beginning compared to other
developed countries. Information on ADRs can only be collected if physicians report through the
Spontaneous Reporting System. Unfortunately, even this system is poor, since only 363 ADRs were
reported in 2009 at the National Pharmacovigilance Centre [18].
Objectives
In this context and in order to come with new data on ADRs, we aimed at developing a
database to record the ADRs collected at a university based Drug Information Research Center
(DIRC). The center coordinates a stimulated spontaneous reporting program in two internal
medicine departments from two secondary care academic teaching hospitals in (Cluj-Napoca)
Romania. Besides strengthening the ADRs reporting at the hospital level, this program and this
continuously updated database could serve for systematic analysis of ADRs and they could help
identifying common and repetitive patterns of preventable ADRs in hospitalized patients.
Methods and Setting
The stimulated spontaneous reporting program was initiated by DIRC in 2009. All the
physicians in the two departments were informed about the program, outlining the ADRs' negative
impact, and were asked to report all observed adverse events. In order to ensure that the rate of
notifications remains constant, the physicians are regularly reminded about the program in place.
The ADRs’ collection is paper based. A specially designed ADR form is filled out by the treating
physicians when an adverse event is identified. This form requires for information on age and sex,
main reason for hospitalization, active diagnoses, renal and hepatic function, history of alcohol
intake, previous ADRs or known allergies, all drugs administered (including self-medication) before
and during hospitalization with respective doses and duration of therapy, all available clinical and
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biological data, dechallenge and rechallenge, ADR treatment and outcome, and length of hospital
stay.
As the proper documentation and study of these reports is part of the pharmacovigilance
activities, the ADRs collected, reflecting daily practice, are impartially evaluated by an independent
group of trained pharmacists and pharmacologists. The information in the paper form is evaluated
for various parameters such as causality, preventability, severity, outcome, type of ADR (as in type
A or B), risk factors, drug interactions and other possible causes for the adverse reaction. We define
adverse drug reactions according to the World Health Organization definition [19].
In the design of the database we took into consideration the following requirements:
• Complete and accurate description of ADRs
• Easy data access, selection, retrieval and manipulation
• Friendly interface
• High level of security
• Protection from data loss
• Descriptive statistics.
Results
Database Structure, Coding and Auxiliary Databases
The structure of the database, the data entered, coding and the auxiliary databases used are
presented in Table 1. In the database design we included all the aspects that characterize an ADR in
a certain patient. Preventability of the ADRs is determined using the French scale proposed by
Imbs et al. and tested for feasibility [22, 23]. This standardized scale is more detailed than other
methods for assessing preventability and includes criteria such as knowledge and communication of
the ADR, existence of detectable risk factors for the patient experiencing the ADR, conformation
with the recommendations for the administration of the drug, quality of prescription and ADR
management. The causes of the ADRs are also rigorously evaluated and classified in order to serve
for future analysis as well as for implementing preventive measures.
Database Design and Security
The database was developed under Microsoft SQL Server 2003. Microsoft SQL Server is a
Structured Query Language (SQL) based, relational database server. The relational database is the
most commonly used database model today. The relational database is made up of logically
connected tables (data that has a relation to other data). Using a relational database management
system is a good way to improve data integrity, efficiency, retrieval, sorting and filtering, to provide
stronger security, and to better share information.
One of the prerequisites of such a database, that involves handling of confidential individual
medical data, is a high-level of security and data protection. Moreover, all procedure shall comply
with the ethical requirements of medical research. To allow data protection and security,
authentication and authorization takes place in several individual points at every application level.
Authentication and authorization services are mainly provided by Internet Information Services
(IIS), ASP.NET and SQL Server.
In order to secure data against partial or complete data loss, database back-ups are performed.
The frequency with which back-ups are performed is determined by the amount of work on the
database and by the amount of data entered every month.
Only the DIRC’s staff has permission to entry data into the database. The physicians in the
program are only allowed to visualize, search and print case reports or statistics on ADRs from the
database, but not to modify any data that have been entered.
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Table 1. The structure of the database, coding and auxiliary databases
Items

Form element

Description (coding, auxiliary databases)

Data about the patient
First and last name
Age
Sex

Text field
Text field
Combo box

General data at admission
Main reason for hospitalization
and all the other active
diagnoses
Description of the admission
symptomatology of the patient
Predisposing factors
Drugs administered before the
appearance of the ADR

All available clinical and
biological data

Combo box

3 levels coding according to the International
Classification of Diseases (ICD-10) [20]

Text field
Radio button
and text field
Combo box
Text field

Text field

Renal and hepatic insufficiency, history of alcohol intake,
tobacco use and previous drug allergy
Auxiliary connected database with the drugs authorized in
Romania (International Nonproprietary Names - INN and
brand name);
Anatomical Therapeutic and Chemical (ATC ) code [21];
Doses/ route of administration/ indication/ start and end
date of the treatment/ self-medication
Data followed up from admission, during the hospital stay
and at discharge are also entered into the database

Adverse drug reaction (ADR)
Adverse drug reaction
Description of ADR
Time of onset and end date
Suspected drug

Combo box
Text field
Text field
Combo box

MedDRA terminology (3 levels coding: SOC/ HLT/ PT)
INN/ brand name/ATC code

Characterization of the adverse drug reaction
Seriousness
Severity
Type
Duration of the ADR
Outcome

Combo box
Combo box
Combo box
Combo box
Combo box

Causality assessment

Combo box

Preventability

Combo box

According to the international definition [19]
Mild/ moderate/ severe
Type A/ type B
Less than a day/ more than a day/ more than a week
Recovery without sequelae/ recovery with sequelae/ death
due to the adverse dug reaction
Naranjo or/and a modification of the Karch-Lasagna
algorithm;
Scores for each criteria evaluated and the causality term
are entered
Definitely not preventable/ potentially preventable/
definitely preventable according to the French scale
proposed by Imbs et al.

The causes of the ADR
Contraindication for
administration
Inappropriate medication
Wrong dose
Wrong route of administration
Drug interactions
Inadequate therapy monitoring
Treatment non-adherence
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Check-box and
text field
Check-box and
text field
Check-box and
text field
Check-box and
text field
Check-box and
text field
Check-box and
text field
Check-box and
text field

Text field for supplemental observations
Inappropriate medication use in elderly population
accordingly to Beers criteria [24]; supplemental observations
Text field for supplemental observations
Text field for supplemental observations
Severity of the interaction described; supplemental
observations
Text field for supplemental observations
Text field for supplemental observations
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Database Queries. Analysis of ADRs and Statistics
The database has been in operation for a year, during which approximately 250 ADR case
reports have been evaluated and entered. A user needs around 30 minutes to enter a case,
depending on the complexity of the data. Once the data have been entered different queries can be
performed. Queries are made according to our developed routines for ADRs analysis.
The information entered can be searched and retrieved for additional analysis filtered by ADR
(System Organ Class and Preferred term), by suspected drug, by severity, outcome, preventability,
seriousness or a combination of these parameters. Also, the different causes of the ADRs can be
filtered by type (e.g. contraindication, wrong dose, wrong route, drug interaction) for future indepth evaluation.
The database offers descriptive statistics (such as frequencies, means and percentiles) on the
following key parameters: sex, age, number of days of hospitalization, risk factors, main reason for
the hospitalization, active diagnoses, previous therapy, ADR and drug suspected, seriousness, type,
severity, duration, outcome and preventability of the ADR. The causes for ADRs can also be
quantified. The statistics can be performed differentially, taking into account the provenience of the
data (which internal ward), date of the hospitalization interval, sex, and age interval, ADR leading to
hospitalization or ADR occurring during the hospitalization. The application generates reports
containing the desired statistics and also charts for the data. These reports can be saved in popular
file formats (PDF or EXCEL).
Discussion
Taking into account the benefits of a database designed for adverse drug reactions analysis and
prevention, we developed and populated a computer-based system for standardized collection,
evaluation and storage of ADRs [14-16, 25]. The database covers general adult (> 18 years) and
elderly population and provides a comprehensive and detailed documentation of serious, but also
minor ADRs. All available adverse drug reaction related medical data are recorded in order to
provide secure, real-time, patient-centric information needed to clinical decision-making and ADRs
avoiding by providing the easy access to a patient’s medical record and to information on previous
adverse events reports.
Few such databases, created especially for ADRs evaluation and storage, allowing for a proactive
approach, are described in the literature [15, 25, 26]. Most of the databases described are either
databases with clinical records from primary care or administrative claims databases, (e.g. GPRD,
Saskatchewan, Medicaid, Group Health Cooperative of Puget Sound) or prescription databases [17,
27-29]. These databases meet the need for conducting post-marketing surveillance studies, but are
lacking information on drugs taken intermittently for symptom relief, over-the-counter drugs, and
sometimes, outcomes. Comparing to these databases, one advantage of our database is that, by
using a prospective method for the collection of ADRs (the stimulated spontaneous reporting
system), the data collected reflects daily practice, including off-label use of drugs and selfmedication, allowing also for drug utilization and preventability studies. Another added value of our
system is that the prospective approach allows for a timely feed-back with the treating physicians,
either for collection of all necessary information for the quality and the completeness of data, or for
assisting the clinicians in the management of the suspected ADRs. A limitation of our database,
compared to the above mentioned ones, would be the low number of ADRs collected and entered
in the database, which will not allow for the observation of rare events.
Another approach for identifying and characterizing ADRs in the hospital setting would be the
use of special alerts provided by the hospital information system on medication stop orders, use of
antidotes, and certain abnormal laboratory values. This kind of systems, if used correctly, can alert
physicians to the existence of ADRs. However, the use of abnormal laboratory results may
potentially predict only 29% of ADRs and the alerts need further evaluation and reporting [30, 31].
Of course, a drawback of the stimulated spontaneous reporting system used for ADRs collection
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for our database would be a certain level of under-reporting which might lead also to a low number
of ADRs detected.
The database we developed could be further adopted by other academic hospitals that want to
keep track of preventable ADRs that may lead to prolonged hospitalization and increased hospital
costs. By proper and impartial evaluation of ADR case reports, the database can be used for drug
safety research, allowing the retrieval of information of interest.
Conclusions
We developed an adverse drug reaction data storing and management system that allows for the
retrieval of data for regular evaluation of patterns of ADRs and further dissemination with the final
goal of achieving, on the one hand, better individual care in the hospital setting and, on the other
hand, for conducting advanced research. Altogether, the ADRs database developed represents a
further step into pharmacovigilance in a country where little has been done in this field.
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