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Abstract:

Pharmacist interventions play a crucial role in preventing clinically significant drug-
drug interactions (DDIs) in hospitalized patients, where polypharmacy is common.
Through active medication management, pharmacists assess patients’ medication
regimens upon admission and routinely during their hospital stay. They utilize their
expertise in pharmacology and therapeutic guidelines to identify potential DDIs based
on the patient’s medical history, current medications, and clinical condition. By
collaborating with physicians and other healthcare professionals, pharmacists provide
valuable insights and recommend alternative therapies or dosage adjustments to
mitigate the risks associated with potentially harmful interactions, thus optimizing
patient safety and medication efficacy. Furthermore, pharmacist-led interventions have
been shown to reduce the incidence of adverse drug events related to DDIs, contributing
to improved patient outcomes and shorter hospital stays. By implementing standardized
protocols for screening and monitoring drug interactions, pharmacists not only educate
patients and healthcare staff about the risks but also advocate for safe prescribing
practices. Additionally, they can leverage electronic health record systems and drug
interaction databases to enhance their surveillance capabilities. These proactive
measures—coupled with ongoing clinical education and collaboration—underscore the
pharmacist's vital role in the multidisciplinary healthcare team, reinforcing the
importance of their interventions in minimizing the potential for adverse effects
associated with drug-drug interactions.
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1. Introduction

The modern management of hospitalized patients,
particularly those with multiple comorbidities, is
characterized by complex pharmacological
regimens. Polypharmacy, typically defined as the
concurrent use of five or more medications, is
exceedingly common in inpatient settings, with
prevalence exceeding 60% in general medical
wards and approaching nearly 100% in critically ill
or elderly populations [1]. While these medications
are prescribed with therapeutic intent, their sheer
number and complexity create a fertile ground for
adverse drug events (ADEs). Among the most
predictable, yet frequently overlooked, categories
of ADEs are drug-drug interactions (DDIs). A DDI
occurs when the effects of one drug are altered by
the presence of another, potentially leading to
reduced therapeutic efficacy or, more alarmingly,
an increased risk of toxicity.

Clinically  significant drug-drug interactions
(csDDIs) represent a substantial threat to patient
safety and quality of care. These are interactions
that can lead to clinical harm, such as hemorrhage,
renal failure, arrhythmias, or serotonin syndrome,
and often necessitate  additional  medical
intervention, prolong hospitalization, or cause
permanent disability. The scope of this problem is
vast. Epidemiological studies indicate that DDIs are
responsible for nearly 1.1% of all hospital
admissions and contribute to 2-3% of all
hospitalizations in the general population, with this
figure rising dramatically to over 15% in the elderly
[2]. Once hospitalized, patients remain vulnerable;
it is estimated that csDDIs occur in 15-20% of all
inpatients and are a contributing factor in 1-2% of
in-hospital deaths [3]. The economic burden is
equally staggering, with the costs associated with
managing DDI-related morbidity adding billions of
dollars annually to global healthcare expenditures
[4]. This is not merely a statistical concern but a
pervasive clinical challenge that compromises
patient outcomes and strains healthcare resources.
The genesis of a csDDI in a hospital setting is
multifactorial, rooted in the very nature of acute
care. Hospitalized patients are often managed by
multiple specialists who may prescribe medications
without a comprehensive review of the patient's
complete drug profile—a phenomenon known as
the “prescribing cascade.” The high-stress, fast-
paced environment of hospitals, coupled with
frequent transitions of care (e.g., from ICU to ward,
or from day shift to night shift), increases the
likelihood of oversight. Common and high-risk
interaction pairs are frequently implicated. For
instance, the concurrent administration of a
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potassium-sparing diuretic like spironolactone with
an angiotensin-converting enzyme (ACE) inhibitor
can precipitate dangerous hyperkalemia. Similarly,
the combination of certain antibiotics (e.g.,
fluoroquinolones, macrolides) with drugs that
prolong the QT interval can heighten the risk of
Torsades de Pointes, a potentially fatal arrhythmia
[5]. Another classic example is the interaction
between warfarin and numerous antibiotics,
antiplatelets, or analgesics, which can lead to either
catastrophic bleeding or therapeutic failure and
thromboembolism.

Pharmacist-led interventions to prevent csDDIs are
multifaceted and can be implemented at various

stages of the medication-use process. These
interventions include:
e Prospective Order

Review: Systematically screening all new
medication orders against the patient's
existing profile using sophisticated clinical
decision support (CDS) systems and the
pharmacist's own clinical judgment.
Participation in Interprofessional
Rounds: Actively contributing to treatment
discussions, offering alternative medication
choices with lower interaction potential,
and recommending appropriate monitoring
parameters.

Medication  Reconciliation: Playing a
leading role in accurately documenting a
patient's home medications upon admission

and reconciling them across all care
transitions to identify and resolve
unintended discrepancies, including
potential DDISs.

e Therapeutic Drug Monitoring and
Follow-up: Recommending and
interpreting serum drug levels, and

monitoring for early signs of toxicity or
therapeutic failure that may signal a DDI.
Patient Education: Counseling patients
upon discharge about the risks of their
medication regimen and the signs of a
potential adverse interaction.

Evidence strongly supports the efficacy of such
interventions. A systematic review and meta-
analysis demonstrated that pharmacist involvement
in hospital ward teams significantly reduced the
rate of medication errors and ADEs, with a
pronounced effect on the prevention of csDDIs [6].
Studies have shown that dedicated clinical
pharmacy services can identify and resolve over
80% of potential DDIs before they reach the
patient, reducing the incidence of actual harm by up
to 50% [7, 8]. Furthermore, the integration of
pharmacists into high-risk areas like intensive care
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units, oncology, and cardiology has been shown to
improve patient outcomes and reduce length of stay
[9, 10].

Despite this evidence, the implementation of
consistent and effective clinical pharmacy services
faces barriers, including understaffing, lack of
integration into electronic health records, and
interprofessional communication gaps [11]. The
challenge remains to fully leverage the pharmacist's
expertise in a systematic way. Therefore, this
research aims to critically evaluate the impact of
structured  pharmacist interventions on the
prevention of clinically significant drug-drug
interactions in a hospitalized patient population. By
quantifying the frequency and types of DDls
intercepted, assessing the acceptance rate of
pharmacists' recommendations by physicians, and
analyzing the potential clinical and economic
outcomes, this study seeks to provide robust
evidence for the indispensable role of the
pharmacist as a guardian of medication safety
within the interprofessional healthcare team [12].

2. The Burden of Polypharmacy and
Clinically Significant DDIs in the Inpatient
Setting

The contemporary landscape of hospital medicine
is characterized by an increasingly complex patient
population, marked by advanced age, multiple
chronic conditions, and consequently, intricate
medication regimens. This has led to the pervasive
phenomenon of polypharmacy, traditionally defined
as the concurrent use of five or more medications.
In the inpatient setting, polypharmacy is not merely
common; it is the norm. Recent studies indicate that
over 60% of patients on general medical wards and
nearly all patients in intensive care units are
exposed to  polypharmacy  during  their
hospitalization [13]. This extensive medication use
is a double-edged sword: while essential for
treating acute illnesses and managing chronic
diseases, it creates a perfect storm for adverse drug
events (ADEs), among which clinically significant

drug-drug interactions (csDDIs) represent a
particularly predictable and dangerous category.
A drug-drug interaction occurs when the

pharmacological effect of one drug is modified by
the prior or concurrent administration of another.
These interactions can be pharmacodynamic, where
two drugs act on the same receptor or physiological
system (e.g., two antiplatelet agents increasing
bleeding risk), or pharmacokinetic, where one drug
affects the absorption, distribution, metabolism, or
excretion of another (e.g., an enzyme inhibitor
increasing the serum concentration of a substrate
drug). While many DDIs are theoretical or of minor
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clinical consequence, csDDIs are those with the
potential to cause genuine patient harm, including
hospitalization,  prolonged  stay, permanent
disability, or even death. The scope of this problem
Is substantial and represents a major patient safety
concern. Epidemiological data reveals that DDIs
are a direct cause of 1-3% of all hospital
admissions, with this figure escalating to over 15%
in elderly populations [14]. The risk does not
diminish upon admission; rather, the hospital
environment itself is a high-risk venue for the
genesis of new, dangerous interactions. It is
estimated that 15-20% of hospitalized patients will
experience at least one csDDI during their stay, and
these interactions are implicated in 1-2% of in-
hospital mortality [15].

The clinical manifestations of csDDIs are diverse
and can affect nearly every organ system. Common
serious outcomes include:

Hemorrhagic Events: Caused by
interactions that potentiate the effects of
anticoagulants (e.g., warfarin, DOACSs) and
antiplatelets. A classic example is the co-
prescription of warfarin with antibiotics
like sulfamethoxazole/trimethoprim  or
fluconazole, which can inhibit its
metabolism and lead to a dangerous rise in
INR and subsequent bleeding.

Renal  Toxicity and  Electrolyte
Imbalances: Often resulting from the
combination of multiple nephrotoxic agents
(e.g., aminoglycosides,  vancomycin,
NSAIDs) or drugs that affect electrolyte
homeostasis. The concomitant use of ACE
inhibitors with potassium-sparing diuretics

or trimethoprim can induce severe
hyperkalemia.
e Cardiotoxicity: Primarily QT-interval

prolongation, which increases the risk of
the lethal arrhythmia Torsades de Pointes.
This is a well-documented risk with
combinations of drugs such as certain
antipsychotics, antiarrhythmics, antibiotics
(macrolides, fluoroquinolones), and
antidepressants.

Serotonergic Toxicity: A potentially life-
threatening condition that can arise from

the interaction between multiple
serotonergic agents, such as selective
serotonin reuptake inhibitors (SSRIs),

tramadol, and linezolid.
Beyond the direct human cost of patient harm, the
economic burden imposed by csDDIs on the
healthcare system is colossal. The management of
DDl-related morbidity—including extended
hospital stays, additional diagnostic tests, and
treatments for new complications—adds billions of
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dollars to annual healthcare expenditures globally
[16]. A single adverse event from a DDI can
prolong a hospital stay by several days, generating
significant additional costs. Furthermore, these
events contribute to the problem of hospital
readmissions, as patients discharged on interacting
regimens may experience complications shortly
after returning home.

Several patient-specific factors heighten the
vulnerability to csDDIs. Advanced age is a primary
risk factor, as older adults often have reduced renal
and hepatic function, altered body composition, and
a higher prevalence of polypharmacy [17]. Patients
with multimorbidity, especially those with renal or
hepatic impairment, are also at elevated risk
because their ability to metabolize and eliminate
drugs is compromised. The hospital setting itself
introduces unique risks. The presence of multiple
prescribing physicians, frequent transfers between
departments (e.g., from surgery to medicine), and
the high-pressure, fast-paced environment where
rapid therapeutic decisions are made all contribute
to the likelihood of a potentially dangerous
interaction being overlooked [18].

3. High-Risk Scenarios and Common
Culprits:

One of the most critical and well-documented
categories of csDDIs involves medications that
affect cardiac repolarization and prolong the QT
interval. QT prolongation increases the risk of
Torsades de Pointes (TdP), a polymorphic
ventricular tachycardia that can degenerate into
fatal ventricular fibrillation. The hospital
environment creates numerous scenarios where QT-
prolonging agents are combined. Common high-
risk pairs include the concomitant use of
antiarrhythmics (e.g., amiodarone, sotalol) with
antibiotics  (e.g., levofloxacin, azithromycin,
clarithromycin) or antipsychotics (e.g., haloperidol,
ziprasidone) [21]. The risk is not merely additive
but often synergistic, and it is further amplified in
patients with underlying cardiac disease, electrolyte
disturbances  (particularly  hypokalemia and
hypomagnesemia), or renal impairment, which can
alter drug clearance. The implementation of
automated QT-interval monitoring systems and
pharmacist-driven protocols for reviewing and
minimizing the cumulative QT-prolonging burden
has been shown to significantly reduce the
incidence of this dangerous complication [22].

Another high-stakes domain is the management of
anticoagulation and antiplatelet therapy. Patients
hospitalized with cardiovascular conditions, atrial
fibrillation, or wvenous thromboembolism are
frequently on warfarin or direct oral anticoagulants
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(DOACs). These patients are exceptionally
vulnerable to interactions that can either potentiate
the anticoagulant effect, leading to life-threatening
bleeding, or diminish it, resulting in therapeutic
failure and thromboembolic events. Warfarin, in
particular, is notorious for its extensive metabolism
via the cytochrome P450 system, making it
susceptible to interactions with a vast array of
medications. For instance, the concurrent
administration of warfarin with antibiotics like
sulfamethoxazole-trimethoprim or fluconazole can
dramatically increase the International Normalized
Ratio (INR) and hemorrhage risk [23]. Conversely,
drugs like rifampin can induce warfarin's
metabolism, leading to subtherapeutic
anticoagulation. Even with the newer DOACsS,
which have fewer interactions, potent P-
glycoprotein and CYP3A4 inhibitors like
ketoconazole and clarithromycin can significantly
increase their plasma levels and bleeding risk.
Pharmacist-led anticoagulation services that include
systematic DDI screening and patient-specific
dosing recommendations are considered a gold
standard for improving the safety of these high-risk
medications [24].

The renal system is another frequent target for
csDDIs. Nephrotoxicity often results from the
additive or synergistic effects of multiple
medications. A classic and dangerously common
interaction in hospitalized patients, particularly
those with pre-existing renal impairment or
dehydration, is the combination of an angiotensin-
converting enzyme inhibitor (ACEI) or angiotensin
receptor blocker (ARB) with a non-steroidal anti-
inflammatory drug (NSAID) and a diuretic—the
so-called "triple whammy." This combination
profoundly impairs renal autoregulation by
simultaneously reducing vasodilation of the efferent
arteriole (ACEI/ARB), vasoconstricting the afferent
arteriole (NSAID), and volume depletion (diuretic),
potentially precipitating acute kidney injury [25].
Similarly, the concurrent use of other nephrotoxins,

such as aminoglycosides, vancomycin, or
intravenous contrast media, in such scenarios
exponentially increases the risk. Pharmacist

interventions that flag these high-risk combinations
and recommend alternative analgesics (e.g.,
acetaminophen) or enhanced monitoring protocols
are crucial for renal protection.

The serotonergic system represents a further area of
concern, especially with the widespread use of
psychotropic medications. Serotonin syndrome is a
potentially fatal condition caused by excessive
serotonergic activity in the central nervous system.
It frequently arises from the interaction between
two or more serotonergic drugs, such as selective
serotonin reuptake inhibitors (SSRIs), serotonin-
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norepinephrine  reuptake inhibitors  (SNRIS),
tricyclic antidepressants, tramadol, linezolid, and
triptans [26]. The syndrome can progress rapidly to
include symptoms of autonomic instability,
neuromuscular hyperactivity, and altered mental
status. In the hospital, unsuspected interactions can
occur when a patient on a chronic SSRI is
prescribed linezolid for a resistant infection or
tramadol for post-operative pain. Vigilance and
systematic medication reconciliation by
pharmacists are key to identifying patients at risk
and recommending alternative agents.

Beyond these specific categories, other high-risk
scenarios involve drugs with narrow therapeutic
indices that are common substrates for metabolic
enzymes. Immunosuppressants like tacrolimus and
cyclosporine, critical for transplant patients, have
their metabolism heavily dependent on CYP3A4.
The initiation of a strong CYP3A4 inhibitor like
clarithromycin or a calcium channel blocker can
cause a rapid and dangerous rise in tacrolimus
levels, leading to nephrotoxicity and neurotoxicity
[27]. Conversely, the initiation of an inducer like
phenytoin can cause subtherapeutic levels and risk
of organ rejection. The management of these
patients inherently requires close collaboration
between physicians and pharmacists, often
involving pre-emptive dose adjustments and
intensive therapeutic drug monitoring.

4. The Pharmacist's Armamentarium:

The first and most fundamental line of defense
is prospective order entry review. This process
involves the systematic screening of every new
medication order against the patient's complete
medication profile. While computerized physician
order entry (CPOE) systems with integrated clinical
decision support (CDS) provide automated alerts,
these systems are often plagued by low specificity,
leading to "alert fatigue" where clinicians override
even critical warnings. The pharmacist adds a
crucial layer of human intelligence to this process.
They do not merely react to alerts but proactively
assess the clinical context. This involves evaluating
the severity and evidence base of a potential DDI,
considering patient-specific factors such as age,
organ function, and genetic polymorphisms, and
determining the clinical relevance of the interaction
for the individual patient [31]. For example, an
automated alert might flag the combination of
atorvastatin and clarithromycin. A pharmacist
would assess this by reviewing the patient's liver
function tests, the planned duration of antibiotic
therapy, and the dose of atorvastatin, and might
recommend temporarily holding the statin or
switching to a non-interacting alternative like
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the risk of
unnecessarily

pravastatin, thereby mitigating
rhabdomyolysis without
discontinuing a chronic therapy.
Building on this, a core strategy is the provision of
evidence-based alternative therapy
recommendations. When a csDDI is identified, the
pharmacist's role is not simply to warn of danger
but to provide a safe and effective solution. This
requires a comprehensive understanding of the
hospital's formulary and the pharmacotherapeutic
options for a given condition. For a patient
requiring pain management who is on warfarin,
instead of just cautioning against NSAIDs, a
pharmacist would recommend acetaminophen or, if
a stronger agent is needed, suggest a short course of
an opioid with close INR monitoring. Similarly, if a
patient on dabigatran is prescribed verapamil, the
pharmacist might recommend an alternative
calcium channel blocker like amlodipine that does
not interact with P-glycoprotein, or propose a dose
adjustment based on renal function and clinical
guidelines [32]. This solution-oriented approach is
far more likely to be accepted by prescribers and
ensures continuity of effective treatment while
enhancing patient safety.
Therapeutic Drug
(TDM) and follow-up monitoring represent
another critical pillar of the pharmacist's
intervention strategy. For medications with narrow
therapeutic indices that are common victims of
DDIs, such as wvancomycin, aminoglycosides,
warfarin, and anticonvulsants, pharmacists play a
leading role in managing therapy. They interpret
serum drug levels in the context of potential
interactions. For instance, if a patient on phenytoin
is started on ciprofloxacin and their phenytoin
levels rise unexpectedly, the pharmacist can
identify the inhibitory interaction and recommend a
dose reduction to prevent signs of toxicity like
nystagmus and ataxia [33].  Furthermore,
pharmacists establish and advocate for monitoring
parameters for interactions that may not have
readily available serum levels. This includes
recommending periodic electrolyte checks for
patients on the "triple whammy" combination, ECG
monitoring for QT-prolonging drug pairs, and
assessing for signs of bleeding or bruising in
patients on high-risk anticoagulant combinations.

Monitoring

The development and  implementation  of
institutional protocols and guidelinesis a
systemic  intervention that amplifies the

pharmacist's impact. Pharmacists are instrumental
in creating and maintaining the DDI screening
software within the CPOE system, working with
informatics teams to refine alert criteria to
minimize fatigue while maximizing the capture of
csDDIs [34]. They also develop standardized
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protocols for managing high-risk situations, such as
guidelines for the perioperative management of
anticoagulants or protocols for the initiation and
monitoring of chemotherapeutic regimens known
for complex interactions. These protocols provide a
consistent, evidence-based framework for the entire
healthcare team, reducing practice variation and
embedding safety checks into routine care.

Finally, the application of pharmacogenetic
datais an emerging and powerful tool in the
pharmacist's armamentarium. As pharmacogenetic
testing becomes more integrated into clinical
practice, pharmacists are uniquely positioned to
interpret this data and apply it to DDI risk
assessment. For example, knowing a patient is a
CYP2C19 poor metabolizer can drastically change
the risk assessment for an interaction involving
clopidogrel and a proton pump inhibitor like
omeprazole. In this case, the interaction may be less
clinically relevant because the patient cannot
effectively metabolize clopidogrel to its active form
anyway, and alternative antiplatelet therapy may be
warranted [35]. By integrating pharmacogenetics
with traditional DDI knowledge, pharmacists can
move from a population-based to a truly
personalized assessment of interaction risk.

5. Integration into the Healthcare Team:

The participation of pharmacists
in interprofessional patient care
rounds represents a paradigm shift from reactive
order verification to proactive, real-time therapeutic
management. On medical, surgical, and especially
intensive care units, the presence of a pharmacist at
daily rounds transforms the dynamic of treatment
planning. During these discussions, the pharmacist
does not merely wait to be consulted; they actively
screen the patient's active and pending orders,
anticipate potential interactions with new planned
therapies, and contribute their expertise at the
precise moment decisions are being made. For
example, when the team discusses initiating an
antibiotic for a patient on warfarin, the rounding
pharmacist can immediately recommend a non-
interacting antibiotic or a specific plan for INR
monitoring, preventing the interaction before the
order is even entered [41]. This real-time input
prevents errors at the source, reduces the need for
later corrective orders, and fosters a collaborative
environment where the physician, nurse, and
pharmacist develop a shared mental model of the
patient's therapeutic plan. Studies have consistently
demonstrated  that units with  pharmacist
participation in rounds experience significant
reductions in preventable adverse drug events,
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including those caused by DDIs, compared to those
without [42].

Perhaps one of the most vulnerable periods for
medication errors, including overlooked DDIs, is
during transitions of care—admission, transfer
between units, and discharge. Pharmacist-
led medication reconciliation is a cornerstone of
safe care at these junctures. Upon admission, the
pharmacist conducts a detailed interview to obtain
the best possible medication history (BPMH), often
uncovering medications and supplements that were
not documented by the physician. This process is
critical for identifying pre-existing, long-term DDIs
that the patient may have been experiencing at
home, as well as for establishing an accurate
baseline. During discharge, the pharmacist's role is
equally vital. They reconcile the pre-admission
medications with those administered in the hospital
and the new discharge prescriptions, identifying
and resolving any unintended discrepancies. This is
a prime opportunity to prevent new DDIs from
being perpetuated into the post-discharge period.
For instance, if a patient was started on amiodarone
during their stay and will be discharged on their
home warfarin, the pharmacist ensures that the
discharge instructions and follow-up plan explicitly
address the need for frequent INR monitoring [43].
This seamless handoff of medication management
is crucial for preventing post-discharge adverse
events and readmissions.

The establishment of dedicated clinical pharmacy
consult services for high-risk patient populations
or specific disease states represents the pinnacle of
specialized integration. In areas such as oncology,
infectious diseases, anticoagulation, and psychiatry,
medication regimens are exceptionally complex and
the stakes for csDDIs are high. An oncology
pharmacist, for example, possesses specialized
knowledge of the complex interactions between
chemotherapeutic  agents,  antiemetics, and
antimicrobials. They can pre-emptively adjust
doses of drugs like irinotecan based on a patient's
UGT1Al genotype and concurrent medications,
preventing severe neutropenia and diarrhea [44].
Similarly, an infectious diseases pharmacist is an
expert in managing the myriad interactions of
antimicrobials, such as the effect of rifampin on
calcineurin inhibitors in transplant patients or the
complex interactions between antiretrovirals and
other medications in HIV-positive patients [45].
These specialized pharmacists function as essential
consultants, providing a deep level of review that
general ward pharmacists may not have the
capacity or specific training to perform.
Furthermore, the pharmacist's integration fosters a
culture  of interprofessional  education and
communication. They serve as a drug information
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resource for the entire team, educating physicians
and nurses about new or uncommon interactions.
This educational role builds the entire team's
capacity for safer prescribing and monitoring.
Effective communication is also key to successful
intervention. A pharmacist who has built a
respectful, collaborative relationship with the
medical team is far more likely to have their
recommendations accepted. The use of structured
communication tools, such as the ISBAR
(Identification, Situation, Background, Assessment,
Recommendation) format, ensures that when a
pharmacist contacts a physician about a potential
DDI, the concern is conveyed clearly, efficiently,
and with a concrete, evidence-based
recommendation for action [46].

6. Conclusion

The management of medication therapy in
hospitalized patients, particularly those with
complex conditions and polypharmacy, presents a
significant and ongoing challenge for healthcare
systems  worldwide.  This  research  has
systematically examined the critical role of
pharmacist interventions in preventing clinically
significant  drug-drug interactions  (csDDlIs),
revealing a compelling narrative of impact and
opportunity. The evidence consistently
demonstrates that pharmacists, through their unique
expertise in pharmacology and pharmacotherapy,
serve as indispensable safeguards in the
medication-use process, directly addressing a major
source of preventable patient harm.

The findings of this study underscore several key
conclusions. First, the burden of c¢sDDIs is
substantial and pervasive, contributing to increased
hospital stays, higher healthcare costs, and
preventable patient morbidity and mortality.
Second, pharmacist-led  strategies—including
prospective order review with clinical judgment,
evidence-based alternative therapy
recommendations, therapeutic drug monitoring, and
active participation in interprofessional rounds—
are highly effective in identifying and mitigating
these risks at multiple points in the patient care
continuum. The most profound impact is observed
when pharmacists are fully integrated into the
healthcare team, allowing for real-time intervention
during therapeutic decision-making and ensuring
medication safety during vulnerable transitions of
care.

The implications of these findings are clear and
actionable. Healthcare institutions should prioritize
the formal integration of clinical pharmacists into
patient care teams, especially in high-risk areas
such as intensive care, oncology, and cardiology.
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Investment in training and technology that supports
pharmacist-led medication reconciliation and
protocol development is essential for building a
resilient defense against medication-related errors.
Furthermore, fostering a culture of collaborative
practice, where pharmacists are empowered to
communicate recommendations effectively and
physicians value their input, is crucial for
translating these interventions into improved patient
outcomes.
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