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Abstract-Device-based therapies have made great
progress in treating heart failure with reduced ejection
fraction (HFrEF). Examples of these therapies include
implantable cardioverter-defibrillators (ICDs) and left
ventricular assist devices (LVADs). These treatments
increase survival and lower the chance of sudden
cardiac death, but they do not lower the risk of
complications such bleeding, infections, arrhythmias,
and thromboembolic events. Despite the lack of trial
evidence to guide drug use in these populations,
pharmacotherapy is nevertheless crucial for
maximizing results.

Keywords: Heart failure, ICD, LVAD,
pharmacotherapy, evidence gaps, anticoagulation,
arrhythmia management, device therapy

INTRODUCTION

The prevalence of advanced heart failure (HF),
which is a significant worldwide health burden, is
rising in tandem with aging populations and better
survival from previous cardiovascular events'.
Morbidity and mortality are still high despite
advancements in pharmacologic and device-based
therapies, especially because of SCD? and pump
failure. Up to 50% of cardiovascular mortality in HF
patients are caused by SCD, highlighting the
necessity of efficient preventative measures>.

Left ventricular assist devices (LVADs) and
implanted cardioverter-defibrillators (ICDs) have
become essential parts of end-stage heart failure
care* . ICDs mainly reduce arrhythmic death by
identifying and stopping malignant ventricular
arrhythmias by pacing or defibrillating’, whereas
LVADs offer long-lasting mechanical circulatory
support, increasing cardiac output and acting as
destination therapy® or bridge-to-transplant. The
clinical course of severe heart failure has changed
due to their growing use, yet complicated
pharmacotherapeutic issues have also been brought
about it *-
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Pharmacotherapy is still necessary after device
installation to treat continuing pathophysiologic
processes, avoid problems, and maximize results'.
The goals of medical therapy for ICD patients are to
improve ventricular remodeling'!, control the course
of HF, and lessen arrhythmic load. Drug regimens
for LVAD patients target neurohormonal blocking
for residual myocardial function, infection
prevention, anticoagulation to prevent pump
thrombosis, and right ventricular dysfunction!'2.
However, because of their distinct pathophysiology,
comorbidity profiles, and altered pharmacokinetics,
therapeutic decision-making is frequently hampered
by a lack of information that is relevant to these
populations’.

The purpose of this review is to highlight important
outcome data, summarize the most recent research
on pharmacotherapeutic approaches in ICD and
LVAD npatients, and pinpoint evidence gaps that
need more study. The impact of underlying HF
actiology, device type, and patient selection on
pharmacologic requirements and responses will be
discussed.

The processes and target demographics of device-
based heart failure treatments vary significantly.
ICDs target the electrophysiological basis of
arrhythmias  associated with  heart failure,
emphasizing electrical stability above immediate
hemodynamic enhancement!*. On the other hand,
LVADs significantly change systemic
hemodynamic and neurohormonal activation's by
providing continuous or pulsatile mechanical
assistance to unload the failing left ventricle. These
differences require for customized treatment paths
and pharmacological approaches, which this review
will evaluate critically.

Implantable cardioverter-defibrillators (ICDs) and
left ventricular assist devices (LVADs) are two
examples of device-based therapies that have
revolutionized the treatment of severe heart failure
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(HF), increasing survival and quality of life in
specific populations'®!”. These devices do, however,
bring with them complicated pharmacotherapeutic
needs that go beyond standard HF management!8,
Improving long-term results, minimizing problems,
and stopping the course of the disease all depend on
optimizing medical management after
implantation'®

A key component of HF treatment for recipients of
ICD and LVAD is neurohormonal blocking, which
aims to enhance mortality, decrease hospitalizations,
and minimize maladaptive remodelling *. Even
after device implantation, patients should continue
or start medication therapy according to guidelines,
which includes B-blockers, renin-angiotensin system
inhibitors, mineralocorticoid receptor antagonists,
and sodium-glucose cotransporter 2 inhibitors, if
tolerated?'.In bridge-to-recovery procedures, these
drugs may also aid myocardial healing in LVAD
recipients?2,

Since ICD recipients are still susceptible to
ventricular arrhythmias even with device protection,
rhythm regulation and arrhythmia suppression are
important pharmacotherapeutic objectives.
Although their adverse effect profiles are carefully
considered, antiarrhythmic medications like sotalol
or amiodarone may be necessary to lessen ICD
shocks. Arrhythmia suppression is crucial for
preserving ideal pump flow and right ventricular
performance in LVAD patients?.

In the treatment of LVAD, anticoagulation and
bleeding control are essential. To reduce the risk of
pump thrombosis, chronic anticoagulation—often in
combination with warfarin and antiplatelet
therapy—is routine; however, this must be weighed
against increased bleeding risks. Managing
gastrointestinal bleeding, personalizing regimens,
and optimizing anticoagulant intensity are ongoing
difficulties®.

Both managing and preventing infections are
equally important. Sepsis, rehospitalization, and
death can result from device-related infections, such
as pocket infections in ICDs and driveline infections
in LVADs. Techniques include careful driveline
care, early treatment of suspected infections, and
perioperative antibiotic prophylaxis 2.

With a focus on evidence gaps that restrict sound
clinical guidance, this review attempts to summarize
the available data and draw attention to the
pharmacotherapeutic difficulties particular to the
ICD and LVAD populations. It will discuss how
therapeutic goals are influenced by
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pathophysiologic variations among device types and
pinpoint areas that need focused investigation to
improve patient outcomes.

This review aims to examine the
pharmacotherapeutic challenges, evidence gaps, and
clinical outcomes associated with heart failure
patients receiving ICDs and LVADs, highlighting
areas requiring future research.

METHOD

A narrative synthesis of peer-reviewed literature
published between 2010 and 2025 was performed
using databases such as PubMed, Embase, and
Cochrane Library. Studies evaluating
pharmacological management, guideline-directed
medical therapy (GDMT), antithrombotic strategies,
and adjunctive therapies in ICD and LVAD cohorts
were included. Key outcomes of interest were
mortality, rehospitalization, arrhythmia burden,
bleeding, thromboembolism, and quality of life.

RESULTS

Research shows that patients are still susceptible to
recurrent ventricular arrhythmias even after ICD
implantation, necessitating complicated
antiarrhythmic medication regimens with varying
safety and efficacy profiles. Particularly, LVAD
recipients must balance anticoagulation to avoid
pump thrombosis with the increased risk of
bleeding, which presents special
pharmacotherapeutic  problems. Due to the
significant exclusion of LVAD-supported patients
from crucial heart failure medication trials, there are
still gaps in our understanding of the best way to
employ GDMT in this population. Additionally,
there aren't enough randomized studies on the
incorporation of new heart failure treatments, like
ARNI or SGLT?2 inhibitors, into populations that are
supported by devices.

CONCLUSION

Device-based therapies are crucial in advanced heart
failure, yet pharmacotherapy remains inadequately
defined in ICD and LVAD recipients. Bridging these
evidence gaps requires dedicated clinical trials,
personalized  pharmacologic  strategies, and
multidisciplinary care to optimize long-term
outcomes.
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GDMT Challenges post-Device Implantation
Maintaining guideline-directed medical therapy
(GDMT) in patients receiving device-based heart
failure therapy, such as implanted cardioverter-
defibrillators (ICDs) and left ventricular assist
devices (LVADs), continues to be a significant
difficulty. Post-implant problems like hypotension
and renal dysfunction often impair adherence and
tolerability by making it difficult to start or titrate
renin-angiotensin-aldosterone  system  (RAAS)
inhibitors and B-blockers?® %’

Incomplete GDMT optimization?® ®and  under
prescription are routinely observed in real-world
data. Medication cessation is typical after LVAD
implantation: within six months, -blocker use can
decrease from 80% pre-implant to 52% post-
implant, and RAAS inhibitor use can decrease from
72% to 46%*. Less than 15% of patients attain
quadruple GDMT??, and only 37% of patients may
continue on both classes’! after a year. Clinicians'
interactions,
polypharmacy burdens, and hemodynamic stability
are often the driving forces behind these decreases.

worries about medication

GDMT underutilization is also significant among
ICD recipients. Only 62% of eligible ICD patients
with HFrEF receive B-blockers and 56% receive
ACE inhibitors or ARBs at discharge, according to
national registry data, and these rates continue to
drop over follow-up. Post-discharge uptitration is
uncommon, and less than half of hospital-based
groups report achieving complete GDMT during
admission’ 34

In order to maximize results in this high-risk group,
these gaps point to the necessity of standardized,
device-specific GDMT methods that address both
clinical obstacles and systemic flaws*>

Integrated Therapeutic Strategies in LVAD and ICD
Patients

LVAD Anticoagulation & Antiplatelet Therapies:
Pharmacotherapeutic Challenges, Evidence Gaps,
and Mitigation Strategies

Although continuous-flow durable LVADs reduce
the mortality rate from advanced heart failure, they
require long-term antithrombotic regimens to
prevent ischemic stroke, systemic embolism, and
device thrombosis. However, this comes at the
expense of bleeding complications, particularly GI
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bleeding and intracranial haemorrhage, which
results in a limited therapeutic window and
significant variation in practice®®.

DOACS vs. Warfarin

Warfarin is still the usual treatment, with an INR of
2.0-3.0 being the goal, frequently combined with
low-dose aspirin®’. Although observational trials of
DOACSs (apixaban, rivaroxaban, and dabigatran)
indicate possible equivalency or decreased bleeding
in certain situations, the evidence is constrained by
bias and small sample sizes. There are currently no
conclusive randomized controlled studies (RCTs)
comparing warfarin and DOACs in patients with
LVAD?®

Target Variability for INR

Although INR 2.0-3.0 is commonly used, several
centres customize goals to fall into smaller ranges
(e.g., 1.8-2.5), which are influenced by factors such
as bleeding history, thrombosis risk, and pump type
(axial vs. centrifugal). This diversity makes
standardizing guidelines and comparing results
more difficult®.

DAPT and Antiplatelet Therapy

According to previous device-era data, low-dose
aspirin (often 81-100 mg) is still a popular adjuvant
to warfarin®®. Due to the increased risk of bleeding,
dual antiplatelet therapy (aspirin + P2Y 12 inhibitor)
is only used in certain situations, such as recent PCI
or ACS; consensus statements advise LVAD
recipients to have their DAPT duration kept to a
minimum®*'. To determine if aspirin can be skipped
with newer pumps, trial data (e.g., ARIES-HM3) are
being collected*.

Complications from Bleeding

About 18-40% of LVAD patients experience
gastrointestinal bleeding, which is caused by
acquired von Willebrand syndrome, angiodysplasia,
and exposure to anticoagulants and antiplatelets*?.
Endoscopic  procedures, hormonal treatments
(danazol), octreotide, thalidomide for refractory
cases, and modifying antithrombotic regimens are
also part of the management®.

Although less common, intracranial haemorrhage
(ICH) has a significant fatality rate. Rates range
from one to two figures. Anticoagulation reversal,
neurosurgical assessment, and multidisciplinary
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decision-making about anticoagulation resumption
are all part of management*,

STRATEGIES FOR MITIGATION

1. Modern centrifugal pumps, including the
HeartMate 3, have lower thrombosis, which may
enable therapy to be de-escalated®.

2. Stroke/ICH risk is decreased by strict blood
pressure control (MAP 75-90 mmHg, for example)
46

3. Customized anticoagulation: low INR goals or
stopping aspirin after bleeding; safety is increased
by standardized reversal procedures (e.g., PCC,
vitamin K) 4.

4. Use multidisciplinary coordination and GI
bleeding prophylaxis (octreotide, endoscopic
treatment) .

PRIORITIES FOR RESEARCH

There is an urgent need for high-quality RCTs that
compare stratified INR targets, aspirin versus no
aspirin in contemporary devices, and DOACs versus
warfarin. Reducing variability and improving results
will be aided by prospective registries and
standardized programmatic approaches® 40

Antiarrhythmic  Therapy in ICD Patients:
Pharmacotherapeutic Challenges and Evidence
Gaps

Customized antiarrhythmic medication (AAD) use
is necessary for device-based heart failure treatment,
particularly ~ with  implanted  cardioverter-
defibrillators (ICDs) and left ventricular assist
devices (LVADs). Comorbidities, tolerance, and the
burden of arrhythmias all influence the agent
selection. A major problem is still striking a balance
between efficacy and adverse event risk, especially
in LVAD patients whose pharmacokinetics and
arrhythmia mechanisms differ from those of normal
HF populations.

1.Comparative Drug Profile

Dru. Mechanism | |Efficacy in E(eiz,/erse LVAD-specific
& & Role ICD Patients Events Considerations
Reduces Pulmonary Drug interactions
Multi- . 49 with
VT/VF fibrosis®, T
. channel . warfarin/digoxin,
Amioda recurrence thyroid/hepa
blockade . L. altered
rone and shocks, ||tic toxicity, . .
(Class 11T N metabolism with
redominant) effective in  ||corneal hepatic
P VT storm*®  ||deposits patic.
congestion
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shocks™, prolongation ¢ ad ’
B-blocker + . 51 avoid in severe
Sotalol useful in less []!, .
Class III . ||LV dysfunction
severe bradycardia, || . .
. . ||with marginal
arthythmia ||torsades risk
output
burden
Potentially
Class IB Adjunct to Tremor reduced
Mexileti|[sodium amiodarone ataxia ’ absorption in gut
ne channel in refractory na see; edema; lower
blocker VT2 u efficacy in scar-
related VT
el g
Catheter| Non- m}rl 1y complicatio EV AD'p
Ablatio ||pharmacologi Z?u oLvs ns, challen’ es with
n c & llrecurrence atieng
escalation in risk apical cannula
VT storm® and scar substrate

2. Drug vs Ablation in VT Storm

Ablation lowers arrhythmia recurrence more than
increasing AADs in drug-refractory VT storm,
according to randomized findings from the VANISH
trial3. However, there is limited procedural viability
in individuals with unstable LVAD.

3. Device Programming Strategies

Techniques like anti-tachycardia pacing, longer
detection intervals, and higher detection thresholds
diminish inappropriate shocks and may decrease
reliance on AADs*

4. Evidence Gaps

Clinical trials continue to underrepresent LVAD
patients. Drug efficacy and toxicity may be altered
by mechanical interactions as well as changes in
absorption, distribution, metabolism, and excretion
profiles® LVAD-specific antiarrhythmic trials are
required.

Drug—Device Interactions and Pharmacokinetics
Device-based therapies such as implantable
cardioverter-defibrillators ~ (ICDs)  and  left
ventricular assist devices (LVADs) significantly
improve survival in advanced heart failure.
However, pharmacotherapeutic challenges remain,
particularly regarding drug—device interactions and
altered pharmacokinetics. These interactions
influence anticoagulation, arrhythmia management,
and infection risk, creating evidence gaps in
optimizing therapy for this population.

Anticoagulants
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Warfarin remains the cornerstone for LVAD
patients to prevent pump thrombosis, but
maintaining therapeutic INR is difficult due to
device-related hemolysis and variable
absorption™1”. Novel oral anticoagulants (NOACs)
are under investigation, but limited data and
bleeding risk restrict their use.

Antiplatelets

Aspirin is commonly co-prescribed with warfarin in
LVAD therapy to reduce thrombotic risk. However,
balancing  bleeding  complications  versus
thromboembolic protection remains challenging®’.
Device shear stress may alter platelet function,
complicating therapy further.

Digoxin

In ICD and LVAD recipients, digoxin is used for
rate control in atrial fibrillation. However, altered
pharmacokinetics from changes in renal perfusion
and drug-device electrical interactions raise safety
concerns, with some studies suggesting higher
mortality in LVAD patients on digoxin®®.

Beta-Blockers

Beta-blockers are integral in heart failure
management, reducing arrhythmia burden and ICD
shocks. Yet, tolerability in LVAD patients is
inconsistent due to low blood pressure and reduced

systemic perfusion®.

Antiarrhythmics

Amiodarone is frequently wused to suppress
ventricular arrhythmias in ICD patients. Device—
drug interactions include altered defibrillation
thresholds and hepatotoxicity, raising the need for
individualized dosing and monitoring®.

Outcomes and Evidence Gaps in ICD and LVAD
Therapy

Trials like MADIT-II and SCD-HeFT have
confirmed the mortality benefit of ICDs in heart
failure, reducing sudden cardiac death® €2,
Nonetheless, there are still differences in results,
particularly for older patients and women®.
According to MOMENTUM-3 and ROADMAP®63,
LVAD:s increase survival in advanced heart failure.
However, long-term benefits are limited by
problems such bleeding, infection, and right heart
failure®®. In LVAD patients, pharmacotherapy
continuation is frequently irregular, especially with
beta-blockers and renin-angiotensin inhibitors®’.
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There are still unanswered questions about sex-
specific outcomes, arrhythmia management, and the
best anticoagulation for both device populations®®.

Clinical Outcomes and Real-World Evidence
Randomized controlled trials established the
efficacy of device-based therapy in heart failure.
MADIT-II and SCD-HeFT demonstrated significant
survival benefit with ICDs in reduced ejection
fraction patients®®’’. Similarly, MOMENTUM-3
and ROADMAP confirmed improved survival and
quality of life in LVAD recipients’"-’2. Despite these
outcomes, real-world registries reveal discrepancies:
women, elderly patients, and those with
comorbidities often derive less benefit than trial
populations’>.

Pharmacotherapy continuation also differs between
RCTs and clinical practice. Registry data show
suboptimal use of beta-blockers, ACE inhibitors,
and anticoagulation in LVAD patients, despite
guideline recommendations’™. In ICD populations,
discontinuation of heart failure therapy after
implantation is associated with higher mortality and
hospitalization rates”. These findings highlight
evidence gaps in translating trial results to diverse
populations and underscore the need for pragmatic
studies that integrate pharmacotherapy optimization
with device-based therapy’®.

Subgroup Challenges & Vulnerable Populations
Outcomes with ICD and LVAD therapy vary
significantly across vulnerable subgroups. Elderly
patients often experience higher procedural risk and
limited survival benefit compared to younger
cohorts’”’. Women remain underrepresented in
pivotal ICD and LVAD trials, with registry data
suggesting reduced device benefit and higher
complication rates’®’. Patients with chronic kidney
disease (CKD) face increased bleeding and
thromboembolic ~ complications,  complicating
anticoagulation strategies®®. Similarly, diabetes is
linked with infection risk and reduced post-LVAD
survival®'. These groups highlight clinical and
pharmacologic variability, and their persistent
underrepresentation in randomized controlled trials
creates major evidence gaps®.

Limitations in Trials

Clinical trials of device-based heart failure therapy
have advanced management but reveal key
limitations regarding pharmacotherapy. A primary
gap is the lack of device-specific pharmacotherapy
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trials. Most landmark ICD and LVAD studies
evaluated device efficacy rather than drug—device
interactions, leaving uncertainty about optimal
medical therapy in these populations®>. For instance,
anticoagulation regimens in LVADs remain guided
by observational studies rather than robust
randomized evidence®*.

Insufficient stratification by drug type is another
challenge. Landmark ICD trials such as MADIT-II
and SCD-HeFT demonstrated mortality benefit but
did not evaluate outcomes based on concurrent use
of beta-blockers, ACE inhibitors, or digoxin®>%,
Similarly, LVAD studies like MOMENTUM-3
focused on pump survival and adverse events, with
limited insight into how  background
pharmacotherapy ~ modifies outcomes®”.  This
restricts our understanding of pharmacologic
heterogeneity in device-treated patients.

Finally, endpoint inconsistencies complicate
comparisons across trials. ICD studies typically
emphasize all-cause mortality, whereas LVAD trials
prioritize freedom from reoperation, disabling
stroke, or pump failure®”®. Functional outcomes,
medication continuation, and quality of life are
underreported®. These gaps underscore the need for
pragmatic, device-specific pharmacotherapy trials
with standardized endpoints that capture both
survival and patient-centered outcomes®.

Future Directions and Research Needs
Device-based therapies such as implantable
cardioverter-defibrillators ~ (ICDs)  and  left
ventricular  assist devices (LVADs) have
revolutionized heart failure (HF) management. But
there are still a lot of pharmacotherapeutic problems
and gaps in the evidence. Coordinated approaches
that include pharmacological therapy optimization
and technology innovation will be needed to close
these gaps. The future of device-based HF therapy
lies in integrating personalized medicine, digital
health, and adaptive trial designs.

Need for Hybrid Drug Device Trials

Pharmacological or device therapies are frequently
isolated in current randomized controlled studies,
which leaves little information available about their
synergistic effects. Future studies should create
hybrid trials that evaluate ICD or LVAD therapy in
conjunction  with  improved pharmaceutical
regimens, with an emphasis on outcomes including
quality of life, hospitalization, survival, and the
burden of arrhythmias. In order to improve external
validity and clinical application, these studies should
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use adaptive designs that allow for real-time
adjustments to device settings and drug dosage.’!*}

Biomarker-Guided Therapy Personalization
Biomarker-driven treatment algorithms are essential
due to the heterogeneity in heart failure progression
and device responsiveness. By using inflammatory
markers, cardiac biomarkers (NT-proBNP, high-
sensitivity troponin), and genomic profile, device
recipients may be able to receive customized
medication, which would enhance results while
reducing side effects.®**® According to ongoing
research in precision cardiology, adding biomarker
monitoring to follow-up procedures for patients with
LVAD and ICD may improve drug titration and
lower readmission rates.”’

Integration of AI, Wearable Tech, and Remote
Titration Tools

Device telemetry, biomarker trends, and patient-
reported results can all be combined via artificial
intelligence (AI) and machine learning to inform
therapy modifications. The stress of in-person visits
can be lessened, early decompensation can be
detected, and real-time medication optimization
made possible by wearable sensors and remote
titration platforms®® 12, Validating these systems in
various HF populations should be the main goal of
research, which should also address concerns about
cybersecurity, data interoperability, and clinician
workload integration.

Drug optimization, device performance, and
customized medicine must all be integrated into
future studies in ICD and LVAD populations.
Promising approaches to fill existing evidence gaps
and enhance patient-centered outcomes in advanced
heart failure treatment include hybrid trials,
biomarker integration, and Al-driven remote care
pathways.

Clinical Implications and Practice Integration
Implantable cardioverter-defibrillators (ICDs) and
left ventricular assist devices (LVADs) are two
examples of device-based heart failure (HF)
therapies that have dramatically reduced morbidity
and mortality in advanced HF; nevertheless,
pharmacotherapeutic optimization is still a critical
factor in determining long-term results. Care
pathways that are organized, collaborative, and
technologically advanced are necessary for the
successful integration of medication and device
methods into clinical practice.
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A multidisciplinary approach that includes trained
HF nurses, electrophysiologists, pharmacists,
nutritionists, rehabilitation specialists, and HF
specialist physicians provides the best treatment for
patients with ICD and LVAD!%¥1% Pharmacists are
essential in monitoring drug-device interactions,
making sure that dosages are correct, and teaching
patients about adherence!%. By checking devices,
reconciling medications, and identifying issues early
on, HF nurses and electrophysiologists ensure
continuity of care!”’. This kind of teamwork is
associated with better survival and fewer
readmissions'%.

Remote monitoring platforms leveraging device
telemetry, blood pressure logs, and weight tracking
enable timely medication adjustments in ICD and
LVAD recipients'® "', When used in conjunction
with remote alerts, structured titration protocols that
are in line with guideline-directed medical therapy
(GDMT) can address early indicators of
decompensation!'?.  This integration improves
patient engagement and lowers hospitalization rates,
especially in settings with limited resources or in

rural area!'3.

Standardized care pathways that integrate
continuous pharmacotherapy optimization with
device management must be established. This
entails integrating medication titration schedules
into device follow-up appointments, standardizing
electronic health record prompts for both device and
medication checks, and developing decision-support
algorithms that utilize clinical and device data''*1'®,
Such integrated models can streamline workflow,
minimize therapeutic inertia, and provide a
consistent framework for care delivery.

A multidisciplinary,  protocol-driven,  and
technologically enabled framework is essential for
the clinical integration of pharmacotherapeutics in
ICD and LVAD patients. Improved patient
outcomes and more effective HF service delivery
can result from bridging current gaps through
remote monitoring, organized titration, and
harmonized drug-device care pathways.

CONCLUSION

Device-based heart failure therapies such as
implantable cardioverter-defibrillators (ICDs) and
left ventricular assist devices (LVADs) have
markedly improved survival and quality of life for
patients with advanced heart failure, yet significant
pharmacotherapeutic challenges and evidence gaps
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remain With many patients experiencing inadequate
drug titration because of changed hemodynamics,
polypharmacy, and drug—device interactions,
current work highlights the ongoing uncertainty
around the best use of guideline-directed medical
therapy (GDMT) in these populations.

Heterogeneity in patient profiles, differences in
center expertise, and a lack of defined care protocols
further hinder the incorporation of medication into
device care. From a clinical standpoint, bridging the
drug-device gap requires interdisciplinary models
that bring together pharmacists,
electrophysiologists, heart failure experts, and
specialty nurses. More accurate titration, early
decompensation diagnosis, and enhanced adherence
can be achieved by utilizing biomarker-guided
decision-making, Al-enabled remote monitoring,
and integrating medication optimization into regular
device follow-up visits. These strategies could
improve short- and long-term results and lower
hospitalization rates.
Despite these advantages, there is still little data to
support medication for patients with device-
supported heart failure. Because the majority of
existing recommendations are derived from
populations who do not use devices, there are
questions regarding their suitability for ICD and
LVAD recipients who have unique
pathophysiologic traits. Prospective trials created
especially for these cohorts, concentrating on
medication efficacy, safety, and ideal sequencing in
the context of mechanical assistance, will be
necessary to close this gap.
Biomarker-stratified studies, practical remote
management treatments that mirror real-world
practice, and hybrid drug-device clinical trials
should be the main focus of future research. The
heart failure community may progress toward fully
integrated, individualized treatment models where
pharmacologic and device-based techniques
collaborate to enhance patient outcomes by pursuing
targeted pharmacotherapy trials in ICD and LVAD
populations.
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