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ABSTRACT

Pharmacovigilance is essential for ensuring the safety
and efficacy of medicines by detecting, assessing,
and preventing adverse drug reactions (ADRs).
ADRs remain a significant public health concern,
contributing to increased morbidity, mortality, and
healthcare costs. This review provides an overview of
pharmacovigilance with emphasis on drug safety
monitoring and ADR reporting systems. Monitoring
methods, including active and passive surveillance,
play a key role in identifying previously
unrecognized adverse effects during post-marketing
use. Spontaneous reporting systems are widely used
for detecting rare and serious ADRs, although
underreporting remains a major limitation due to lack
of awareness, inadequate training, and time
constraints. Recent advancements such as digital
reporting platforms, artificial intelligence, and big
data analytics have improved the efficiency of
pharmacovigilance activities. Strengthening
reporting practices and integrating technological
innovations are crucial for enhancing patient safety
and ensuring the safe use of medicines.
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I. INTRODUCTION

The World Health Organization defines
pharmacovigilance as "the science and activities
relating to the detection, assessment, understanding
and prevention of adverse effects or any other drug-
related problem." It is crucial to guaranteeing that
patients receive safe medications .
Pharmacovigilance and drug safety are still active
scientific and clinical fields. All medications have
adverse effects, however they range in intensity from
moderate to severe. The majority of adverse effects
are foreseeable and listed in the medication leaflets.

The major issue, though, is that some of the
medications' adverse effects are unknown or have not
been observed, and the true danger in this situation is
whether they could have a really detrimental effect on
the individuals who use them. When evaluating the
adverse effects of pharmaceuticals, the sort of
patients using them is crucial. Depending on their
age, people react differently to drugs. Additionally,
because of the physiological distinctions between
genders, male and female responses to medications
differ. The first factor in medical therapy that can be
crucial in determining which medication is best for a
patient is drug safety (2).

The significance of adverse drug reactions
(ADRs) as a public health priority is well-
documented. Data emerging from the turn of the 21st
century suggests that ADRs are among the most
frequent causes of hospitalization and a top-tier
contributor to global mortality rates. In addition to
compromising patient outcomes, these reactions
significantly inflate healthcare expenditures.
However, a gap exists in the detailed characterization
of fatal ADRs. Even broad-scale analyses, such as the
Global Burden of Disease Study, provide aggregate
epidemiological data (e.g., 2017 incidence of nearly
35 million) without specifying the implicated drug
classes. Strengthening pharmacovigilance requires a
paradigm shift: moving away from a "blame culture"
that stigmatizes healthcare providers and toward a
policy-driven environment that prioritizes safety.
Central to this objective is the systematic reporting of
ADRs as a core component of medical practice (4).
This review aims to provide a comprehensive
overview of pharmacovigilance, focusing on drug
safety monitoring methods and adverse drug reaction
reporting systems, and to highlight their significance
in ensuring patient safety and improving therapeutic
outcomes
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II. ADVERSE DRUG REACTIONS:
OVERVIEW AND IMPACT

Adverse drug reactions (ADRs) encompass
any undesirable clinical effects arising from the
routine use of medicinal products. Specifically, the
World Health Organization (WHO) defines an ADR
as a "noxious and unintended" response to a drug at
doses standardly utilized in humans for prophylaxis,
diagnostic purposes, therapy, or the modification of
physiological function. This definition distinguishes
ADRs from accidental poisonings or intentional
overdoses (5).

Classically, adverse drug reactions (ADRs)
are categorized into two primary cohorts: Type A
(augmented) and Type B (bizarre). Type A reactions
are dose-dependent and predictable based on a drug’s
known pharmacological profile, whereas Type B
reactions are idiosyncratic and pharmacologically
unpredictable. While this binary classification
remains a common reference, it fails to account for
more complex clinical scenarios, such as withdrawal
symptoms or chronic effects resulting from
cumulative exposure. Consequently, the "DoTS"
framework has emerged as a more comprehensive
alternative. By categorizing reactions based on Dose,
Time course, and individual Susceptibility factors
(including genetic and pathological variables), the
DoTS system offers a superior clinical utility,
facilitating both the diagnosis and the systematic
prevention of ADRs in practice (6).

The sequelac of adverse drug reactions
(ADRs) range from transient impairments to
permanent disability and mortality, imposing a
significant socioeconomic burden on patients,
healthcare systems, and society. In response to their
epidemiological weight, numerous patient safety
initiatives have been implemented at both state and
national levels. Consequently, healthcare facilities
have intensified efforts to mitigate ADRs and
concurrent medication errors. Central to these efforts
is the regulatory oversight of The Joint Commission
(formerly JCAHO), which mandates that accredited
organizations maintain robust surveillance and
reporting mechanisms. The Commission advocates
for a proactive institutional framework centered on
the systematic monitoring, tracking, and prevention
of adverse events to enhance overall clinical safety

(.

III. PHARMACOVIGILANCE SYSTEMS
Pharmaceutical legislation establishes the
requisite legal foundation for ensuring that patients
have access to medicinal products that meet rigorous
safety, efficacy, and quality standards. A fundamental

component of this regulatory architecture is the
mandate for national regulatory authorities (NRAs)
and marketing authorization holders (MAHSs) to
implement and sustain robust pharmacovigilance
(PV) systems. These frameworks are designed to
facilitate the detection, assessment, interpretation,
and prevention of adverse effects and other drug-
related complications. Globally, the maturity of PV
systems varies significantly, ranging from nascent
structures in developing regions to highly
sophisticated networks in established markets. To
harmonize these efforts, the World Health
Organization (WHO) provides the Global
Benchmarking Tool (GBT), which enables NRAs to
objectively assess their regulatory capacity on a
maturity scale from 1 (lowest) to 4 (highest) (8).

Within the global pharmacovigilance
landscape, the Pharmacovigilance Programme of
India (PvPI) serves as a critical contributor to the
World Health Organization’s (WHO) international
safety database. The PvPI successfully meets the
WHO'’s fundamental criteria for a functional national
pharmacovigilance framework, with the Indian
Pharmacopoeia Commission (IPC) acting as the
central coordinating body. Currently, the Indian
system is primarily characterized by a reliance on
spontaneous reporting mechanisms for the collection
and analysis of adverse drug events (ADEs) (9).

IV. DRUG SAFETY MONITORING
METHODS

Post-marketing surveillance programs are an
indispensable component of national healthcare
infrastructure, providing the critical framework for
the continuous monitoring of adverse drug reactions
(ADRs). The localized data generated by these
programs is essential for informing national
regulatory decisions, as it allows authorities to tailor
safety protocols to the specific clinical and
demographic profiles of their own populations.
Active surveillance
This approach utilizes active patient follow-up post-
treatment, where adverse events are identified
through either direct patient interrogation or the
systematic screening of medical records.
Passive surveillance
Passive surveillance, or spontaneous reporting, relies
fundamentally on the voluntary initiative and
motivation of healthcare practitioners. This
mechanism is contingent upon the proactive
involvement of clinicians and other health
professionals, who must be adequately trained and
incentivized to document and report suspected
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adverse reactions, particularly in patients undergoing
Antiretroviral Therapy (ART) (10).
Signal Detection

Signal detection and its subsequent
assessment constitute the core of pharmacovigilance.
The World Health Organization (WHO) defines a
signal as "reported information on a possible causal
relationship between an adverse event and a drug, of
which the relationship is unknown or incompletely
documented previously." Even a minimal number of
reports can constitute a signal, which is then escalated
from regional and zonal centers to national databases
and finally to the WHO Collaborating Centre for
International Drug Monitoring (Uppsala Monitoring
Centre). To determine causality, assessment is
conducted using standardized tools such as the
Uppsala Monitoring Centre (UMC) scale and the
Naranjo probability scale. Given the complexity of
this process, the rapid identification of safety signals
is a priority for the pharmaceutical industry,
regulatory bodies, and the public. Furthermore, as
signals possess both qualitative and quantitative
dimensions, varying methodologies must be
employed to detect different categories of adverse
events effectively (11).

V. ADVERSE DRUG REACTION
REPORTING SYSTEMS

The Spontaneous Reporting System (SRS)
represents the most globally prevalent mechanism for
documenting adverse reactions, facilitating reports
from healthcare professionals, pharmaceutical
manufacturers, and patients to national regulatory
bodies. A primary strength of the SRS is its capacity
to enhance the safety profile of medicinal products by
identifying adverse drug reactions (ADRs) that may
have remained undetected during pre-marketing
clinical trials or standard post-marketing
surveillance. Consequently, the SRS functions as a
critical detection tool for emerging, rare, or severe
adverse events. Unlike time-limited clinical studies,
the SRS offers the distinct advantage of providing
continuous oversight throughout the entire lifecycle
of a drug (12).

VI. CHALLENGES AND FUTURE
PERSPECTIVES
Pharmacovigilance systems face several
challenges that limit effective drug safety monitoring.
Underreporting of adverse drug reactions remains a
major issue, leading to incomplete data and delayed
signal detection. Lack of awareness, inadequate
training, and time constraints among healthcare
professionals further reduce reporting efficiency.

Increasing data complexity from multiple sources
also challenges traditional pharmacovigilance
approaches.

Recent advancements emphasize digital
reporting systems, including mobile and web-based
platforms, to improve accessibility and real-time
reporting. The integration of artificial intelligence
and big data analytics is enhancing signal detection
and strengthening pharmacovigilance systems to
improve patient safety.

VII. CONCLUSION

Pharmacovigilance plays a vital role in
ensuring the safe and effective use of medicines by
identifying and preventing adverse drug reactions.
The growing burden of ADRs highlights the need for
robust drug safety monitoring and efficient reporting
systems. Spontaneous reporting systems remain a
cornerstone of pharmacovigilance, although their
effectiveness is limited by underreporting and lack of
awareness. Strengthening ~ pharmacovigilance
systems requires improved training, active
participation of healthcare professionals, and
integration into routine clinical practice.

Advancements in digital technologies,
including online reporting platforms and artificial
intelligence, are transforming pharmacovigilance by
enabling faster and more accurate signal detection.
Overall, a well-coordinated and technology-driven
pharmacovigilance system is essential to enhance
patient safety and optimize therapeutic outcomes.
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