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Despite significant advancements in interventional cardiology, including PCI, TAVI, and other structural heart interventions, access to these life-sav-
ing procedures remains uneven across the globe. This viewpoint highlights how socioeconomic, geographic, and political disparities impact clinical
decision-making, outcomes, and professional well-being. Drawing from real-world experience and health systems analysis, the article explores the
multifaceted barriers that hinder equitable care—ranging from health literacy and rural access to workforce shortages and regulatory or reimburse-
ment challenges. It further discusses the psychological burden on clinicians caused by moral distress and limited resources. Potential solutions, in-
cluding telemedicine, decentralized training, public awareness campaigns, and policy advocacy, are proposed to bridge the gap and promote a more
just and inclusive landscape in interventional cardiology.
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Introduction

Over the past decades, interventional cardiology has witnessed re-
markable advancements that have transformed the management of
cardiovascular disease. Procedures such as percutaneous coronary
intervention (PCI), transcatheter aortic valve implantation (TAVI),
and other structural interventions have significantly improved survival,
quality of life, and long-term outcomes for millions of patients world-
wide. These innovations, supported by advances in imaging, pharma-
cotherapy, and device engineering, have redefined standards of care
and made previously inoperable conditions treatable.

Despite these achievements, equal access to such life-saving pro-
cedures remains far from universal. Socioeconomic constraints,
geographic limitations, and political or systemic healthcare barriers
continue to influence who receives timely and appropriate inter-
ventional care." In many regions—particularly low-resource, rural,
or underserved communities—patients are still unable to benefit
fully from these medical breakthroughs.> Unfortunately, disparities
have become more prominent very recently for multiple reasons,
including post-pandemic healthcare systems strain, increased
awareness of equity in global healthcare and wide spreading mili-
tary conflicts.*

The purpose of this viewpoint article is to explore how these dis-
parities manifest in clinical practice and to examine their real-world
consequences on decision-making and patient outcomes. Drawing
on the perspective of practicing physicians, this paper highlights
the complex interplay between systemic inequities and frontline car-
diovascular care—while identifying potential strategies to bridge
these gaps and promote more equitable interventional cardiology
worldwide.

cement advocacy
reform

Interventional cardiology ® Healthcare disparities ® Health equity ® Socioeconomic and geographic barriers

Socioeconomic barriers

Income and financial Status

Socioeconomic disparities remain a critical determinant in the accessi-
bility and outcomes of interventional procedures. Individuals from low-
income backgrounds are significantly more likely to experience delays
or even denial of life-saving interventions such as PCl, and while dispar-
ities have diminished for established ACS procedures, they persist
for drug-eluting stent (DES) implantation, with mortality differences
strongly linked to delays in primary PCl, highlighting a critical target
for intervention.®> Economic disparities also exist in the utilization of
structural heart diseases therapies even within the United States, des-
pite comparable adjusted in-hospital outcomes across income groups,
underscoring the need for multifaceted strategies to close these gaps.®
Limited financial resources contribute to lower utilization rates due
to unaffordable out-of-pocket expenses for diagnostics, co-pays for
hospital procedures, and essential medications. In addition, indirect
costs—such as transportation to tertiary care centers—further com-
pound the burden, especially for rural or marginalized populations, of-
ten resulting in deferred care until symptom escalation or emergent
|:>resenta1tion.7

Insurance coverage disparities

The presence and quality of health insurance further stratify access to
interventional cardiology. Uninsured or underinsured patients are stat-
istically less likely to undergo timely diagnostic catheterization or ad-
vanced therapies like drug-eluting stents or TAVI8 Even for patients
with coverage, administrative obstacles such as prior authorization
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Table 1 Summary of socioeconomic barriers in
interventional cardiology

Barrier Specific Issues Impact on Care

Category

Income and High out-of-pocket costs, Delayed or denied
Financial transportation challenges access to PCI/TAVI
Status

Insurance Lack of coverage, prior Fewer advanced
Disparities authorization delays procedures,

increased wait times

Health Literacy =~ Low awareness of Late presentation,

and symptoms, limited underutilization of

Engagement understanding of cardiac rehab
follow-up and rehab

importance

requirements or the obligation to go to specific centers for the costs to
be covered can delay elective procedures, leading to disease progression
or suboptimal outcomes. The variability in policy coverage between
private and public insurers often dictates the type and timing of care,
disproportionately disadvantaging economically vulnerable groups.

Health literacy and patient engagement

Health literacy—a factor often intertwined with socioeconomic status—
profoundly influences patient engagement in cardiovascular care.’
Individuals with lower education levels may struggle to recognize early
symptoms of ischemia or heart failure, leading to delayed presentation
and reduced eligibility for interventional procedures. This difficulty is par-
ticularly evident among women and individuals from minority ethnic
backgrounds, in whom symptom recognition is especially challenging.'®
Furthermore, socioeconomic barriers frequently hinder participation in
post-procedural cardiac rehabilitation or long-term follow-up. Financial
limitations, inflexible work schedules, and transportation deficits contrib-
ute to poor adherence, which can ultimately compromise long-term out-
comes and widen health inequities."""? Briefly, lower education levels
affect patients’ understanding of symptoms and urgency (Table 7).

Geographic disparities

Urban-rural divide

The unequal distribution of catheterization labs and high-volume car-
diac centers accentuates geographic disparities, heavily favoring urban
centers."® Rural populations have notably reduced access to PCl, lead-
ing to worse outcomes in acute myocardial infarction (Ml). For ex-
ample, rural Ml patients undergo catheterization, PCl or coronary
artery bypass graft (CABG) surgery significantly less often (49.7% vs.
63.6% for catheterization; P < 0.001, 42.1% vs. 45.7% for PCl; P <
0.001, 9.0% vs. 10.2% for CABG; P<0.001 respectively), within
30-days with 30-day mortality hazard ratio of 1.10 in rural settings."
Another registry showed rural in-hospital ST-segment myocardial in-
farction (STEMI) inpatients had PCI rates of just 3.8% vs. urban
13.8%; P < 0.01, with a one-year mortality of 68.6% vs. 58.9%; P < 0.01.2

Workforce maldistribution

The shortage of interventional cardiologists in underserved areas
makes it hard to sustain on-call services and maintain procedural com-
petence. Operators in rural settings often fall below the recommended

50 PCls/year threshold, which is linked to increase in-hospital mortality
—Ilow-volume operators have a 1.16-fold higher adjusted mortality
than high-volume peers." This compounds burnout and diminishes
clinical quality in rural hos|:>ita|s.15

Emergency network gaps

STEMI care in rural or low-resource regions lacks the structured coord-
ination seen in urban networks. Many regions lack 24/7 PCl-capable facil-
ities and formalized EMS protocols, contributing to delayed reperfusion
and poor outcomes.'®!” Moreover, in some regions the density of cath-
eterization laboratories falls far below European recommendations of
1.67-2 per million population—for instance, Indonesia averages only
about 1.1-1.2 cath labs per million, while the Philippines similarly reports
a critically low and uneven distribution.'® Reports from quality improve-
ment initiatives in rural hospitals confirm persistent gaps in discharge
medication, follow-up, and cardiac rehabilitation adherence."’

Healthcare policy and political
factors

National reimbursement systems

National reimbursement systems play a pivotal role in determining ac-
cess to interventional cardiology procedures, particularly in the realm
of costly structural interventions such as TAVI or transcatheter
edge-to-edge repair (TEER). Restrictive reimbursement models, espe-
cially those that inadequately cover procedural costs or impose difficult
approval processes can discourage hospitals from offering these ther-
apies, even when they are clinically indicated. This issue is particularly
pronounced in countries with budgetary constraints or fragmented
payer systems, where multiple insurance or payment entities coexist.
Furthermore, significant disparities arise between nations operating un-
der universal healthcare frameworks, and those with privatized or
mixed models. While universal systems may provide more equitable
baseline access and preventive services across socioeconomic strata,
they often face delays or restrictions in approving novel technologies,
due to centralized budget controls and rationing. Conversely, privatized
systems may offer quicker adoption in high-resource settings, but ex-
acerbate inequities for underinsured or marginalized populations.?

Regulatory hurdles

Regulatory frameworks are essential for ensuring patient safety and
procedural efficacy, but excessive bureaucracy can slow the progress
in interventional cardiology. Lengthy and complex approval processes
for new devices or procedural authorizations often delay the introduc-
tion of innovative therapies, particularly in regions where regulatory
agencies operate with limited resources. These delays can create signifi-
cant disparities in patient access to cutting-edge interventions, with
some countries experiencing years-long lags. While patient safety
must remain paramount, a balanced approach is critical to ensuring
that regulatory systems do not become barriers to equitable care
deli\/er*)/.21’22

Political prioritization of cardiovascular
care

The extent to which cardiovascular care is prioritized within a nation’s
political agenda has a profound influence on healthcare funding, infra-
structure development, and policy implementation. Cardiovascular
care often competes with oncology, infectious disease and mental
health in budget prioritization. In countries where cardiovascular dis-
ease is recognized as a leading public health threat, strategic invest-
ments in prevention programs, specialized training, and interventional
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facilities are more common, leading to improved outcomes and system re-
silience. Conversely, in nations where political attention is directed else-
where, often toward infectious diseases or more politically visible health
crises, cardiovascular care may be underfunded and deprioritized.”®

Real-world clinical perspectives

General challenges faced by physicians

Delivering interventional cardiovascular care is a highly complex en-
deavor shaped not only by clinical expertise but also by the structure
and functionality of the healthcare system. Across different regions
and systems, significant heterogeneity exists in how interventional car-
diologists practice, with structural disparities influencing both patient
outcomes and clinician well-being.

Interventional cardiologists frequently operate within health systems
burdened by growing complexity, where barriers to optimal care ex-
tend beyond individual clinical judgment. These challenges are often
rooted in broader systemic issues—such as bureaucratic inefficiencies,
infrastructural limitations, and inequities in access to care. In both elect-
ive and emergent settings, physicians face obstacles such as delayed in-
surance preauthorizations, fragmented referral pathways, and a lack of
integrated multidisciplinary teams or catheterization laboratory access
—particularly outside major urban centers.

Time-sensitive cardiovascular conditions, such as STEMI and symp-
tomatic aortic stenosis, require prompt diagnosis and intervention.
However, reports across diverse healthcare systems indicate frequent
delays due to administrative bottlenecks, geographic isolation, or inef-
ficient patient transfer protocols.** These delays are not benign:
Observational data show that increased time from symptom onset to
intervention is associated with significantly worse outcomes, including
higher rates of heart failure, reinfarction, and mortality.25

The misalignment between ideal care and practical realities is espe-
cially pronounced in settings with constrained resources. Physicians
are often forced to choose between the most evidence-based therapy
and the most logistically feasible or financially viable alternative. This
creates ethical dilemmas, particularly when high-value therapies are
available but unattainable due to system constraints.”® The resulting
cognitive dissonance contributes to what is increasingly recognized as
moral distress—a condition where clinicians know the appropriate
course of action but are unable to pursue it due to external
limitations.”’

Physician testimonials

Growing literature underscores the psychological toll that systemic con-
straints exert on interventional cardiologists. Moral distress has been
consistently associated with emotional exhaustion and burnout, particu-
larly among clinicians in high-stakes, high-intensity environments such as
acute cardiovascular care.”’?® A systematic review of 14 studies involving
over 2000 healthcare professionals demonstrated a moderate-to-strong
correlation between moral distress and measures of burnout (r =~
0.33).%

Common triggers include inability to access timely imaging or inter-
vention, forced triage based on non-medical criteria such as insurance
status, and lack of institutional support for guideline-based care. These
factors contribute not only to professional dissatisfaction but may also
impair clinical decision-making and increase turnover in an already
stretched subspecialty workforce,?®%°

First-hand accounts from interventional cardiologists frequently
echo these findings. Clinicians report frustration at delayed STEMI
transfers, limited access to transcatheter valve therapies, and ethical dis-
comfort when choosing less effective treatments due to cost or avail-
ability. Burnout resulting from such chronic systemic pressures has
implications for both physician well-being and patient safety.*’

In recognition of these challenges, recent proposals have called for
the integration of a dedicated ‘cardioethics’ curriculum within cardi-
ology training. Such a framework aims to equip cardiologists with the
ethical competencies needed to navigate the increasingly complex di-
lemmas they face. Key areas of focus include distributive justice, in-
formed consent, and patient autonomy——principles that are essential
in high-stakes, resource-variable environments. These ethical dimen-
sions extend beyond individual patient encounters and intersect with
broader issues of health equity, system design, and fairness in the allo-
cation of care resources.

Comparative system analysis

Healthcare system structure plays a pivotal role in shaping access to
interventional cardiology services. In the United States, advanced tech-
nologies and procedural expertise are widely available, but access is of-
ten hindered by fragmented insurance coverage, preauthorization
delays, and referral barriers. High procedural volumes are concentrated
in tertiary centers, but systemic inequities may delay or limit care, par-
ticularly for underinsured or high-risk patients.>'

Conversely, the United Kingdom’s National Health Service (NHS)
provides universal access, with more standardized referral and triage
pathways. Emergency procedures such as primary PCl are generally
well-coordinated and streamlined.*> However, capacity constraints, in-
cluding cath lab backlogs and workforce shortages, may delay elective
or complex structural interventions.>?

In low- and middle-income countries (LMICs), limited infrastructure,
workforce shortages, and supply chain interruptions are major impedi-
ments. Access is often restricted to urban centers, with rural popula-
tions underserved. Nonetheless, Non-Governmental Organizations
(NGO)-supported programs, mobile cath labs, training exchanges,
and telemedicine initiatives have improved procedural access and equi-
ty in certain regions.33'34

These system-level comparisons underscore the importance of
health policy in enabling or constraining optimal cardiovascular care.
Models that prioritize early access, minimize administrative delays,
and invest in regional procedural capacity appear to yield the best
outcomes.

European union and WHO
regulatory influence

European union initiatives

Bridging disparities in interventional cardiology across the European
Union (EU) remains a critical public health priority. Despite cardiovascular
diseases (CVD) being the leading cause of death in Europe, access to ad-
vanced cardiovascular interventions varies significantly between Member
States, particularly between Western and Eastern Europe.®>¢ In Eastern
European countries such as Romania and Bulgaria, the rates of PCl per
million inhabitants are substantially lower compared with VWestern
European countries like Germany or France.>” While healthcare systems
remain largely under national control, the European Union has conducted
different strategies (Table 2) to afford equitable access to cardiovascular
interventions and to reduce health disparities across Member States.

World health organization (WHO)
framework

The WHO has been working to mitigate disparities in interventional
cardiology, as in other medical fields, notably through the creation of
documents that provide guidance to political and organizational
decision-makers, as well as to civil society. Examples include The
Framework for the Care of Acute Coronary Syndrome and Stroke, the
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BY-NC-SA 3.0 IGO. ISBN 978-92-4-010366-5), [WHO list of priority
medical devices for management of CVD and diabetes. Geneva: World
Health Organization; 2021(WHO medical device technical series).
Licence: CC BY-NC-SA 3.0 IGO. ISBN 978-92-4-002797-8], (World
report on social determinants of health equity. Geneva: World
Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO. ISBN
978-92-4-010758-8). These aim to ensure that, despite the socio-
economic gap between different countries, there is a similar goal of de-
livering equitable healthcare services.

Since 2023, the WHO has made available the Health Inequality Data
Repository, accessible through the HEAT (Health Equity Assessment
Tool)—an interactive platform that hosts the largest health-related
(and beyond) database. Its purpose is to make inequality visible and
measurable, providing information on disparities in behaviors, patholo-
gies, and outcomes across different countries, age groups, gender, edu-
cation levels, economic status, and other dimensions of inequality. The
data are available through the WHO Health Inequality Monitor** and
the HEAT (Health Equity Assessment Toolkit),* which offer access
to structured datasets and tools supporting the development of equity-
focused health programs.*® Additionally, the WHO has been develop-
ing methodologies for quantifying health inequality, such as by, for ex-
ample, the document Health Inequity Monitoring.**

Similarly, the World Heart Federation also makes clear—through its
World Heart Vision 2030: Driving Policy Change—its commitment to
identifying inequalities and addressing change strategies aimed at im-
proving cardiovascular health.*’

Patient awareness, education, and public
campaigns

A critical yet frequently underestimated determinant of disparities in
interventional cardiology is patient awareness and health literacy.*®
Socioeconomic, geographic, and political inequalities are often magni-
fied by an individual’s limited ability to recognize cardiovascular risk
or symptoms, even when structural improvements in access to care
are achieved. Health care providers regularly encounter patients who
present too late for optimal interventions, not due to system failures
alone, but because they were unaware that occurring symptoms like
chest pain, dyspnea, or fatigue could signify a life-threatening.

Health literacy and cardiovascular risk
recognition

Patients from socioeconomically disadvantaged backgrounds consist-
ently show lower levels of health literacy. Numerous studies have con-
firmed that these individuals are significantly less likely to identify
symptoms of acute coronary syndromes or appreciate the urgency
of seeking care, often resulting in missed windows for reperfusion ther-
apies such as primary PCL*’ Meta-analyses further demonstrate that
low health literacy is independently associated with increased cardio-
vascular mortality, poorer adherence to therapy, and higher readmis-
sion rates.*®*® In women from disadvantaged communities, low
cardiovascular health literacy is also linked to poor patient—physician
communication.”’ Additionally, digital literacy disparities, especially
among older adults and marginalized groups, can further limit access
to educational resources and telehealth interventions.>>

Role of social and public health campaigns

Public education campaigns are a powerful, still underutilized, tool to
improve cardiovascular outcomes. Programs like ‘Don’t Die of Doubt’

and ‘Minutes Matters’ by the American Heart Association but also
EU-funded rural outreach, and localized community initiatives have
shown measurable improvements in early symptom recognition and
hospital presentation.”* Campaigns using behaviorally informed strat-
egies, such as priming, have demonstrated added efficacy in reinforcing
cardiovascular risk awareness.>* However, many of these efforts lack
cultural adaptation, continuity, or sufficient funding. To maximize im-
pact, campaigns must be sustained, multilingual, and co-developed
with communities to reflect local realities and beliefs.>>*° Educating
and empowering patients is essential not only to reduce procedural de-
lays but to enhance long-term cardiovascular outcomes across all popu-
lation strata. Collaboration with patient advocacy organizations
worldwide has the potential to drive the most meaningful and lasting
impact. Within the European Society of Cardiology (ESC), this effort
is supported by the ESC Patient Forum, which brings together patient
representatives from across Europe®’

Bridging the gap: solutions and
future directions

Addressing disparities in access to interventional cardiology requires a
multifaceted approach that combines technological innovation, work-
force development, and policy reform.

Telemedicine and remote diagnostics

Telemedicine has emerged as a transformative tool to overcome geo-
graphic barriers and enhance access to specialized cardiac care.
Progress has already been made by using telemedicine for monitoring
patients and guiding minor therapeutic decisions, such as up-titrating
medication dosages, in conditions like heart failure, atrial fibrillation,
and hypertension. There is also a growing global trend toward the de-
velopment of advanced telemonitoring biosensors and implantable de-
vices delivered via transcatheter procedures.®® Emerging technologies
such as Al-enabled diagnostic platforms, consumer wearables, portable
ECG monitors, and smartphone-based applications are increasingly
recognized as potential equalizers in cardiovascular care. With
large smartphone penetration,® these tools offer unprecedented op-
portunities for early detection of arrhythmias, continuous rhythm or
hemodynamic monitoring, and timely referral in both high- and low-
resource settings. Studies have already demonstrated the feasibility of
photoplethysmography- and ECG-based wearables for atrial fibrillation
screening and STEMI detection, with clinically meaningful diagnostic ac-
curacy.>”*® Moreover, virtual consultations play a key role in facilitating
early triage for patients with urgent cardiac conditions, particularly in
rural and underserved areas. By enabling remote assessment, telehealth
platforms ensure timely referrals to interventional centers when
needed, reducing delays and optimizing care pathways. Additionally,
the use of mobile units equipped with point-of-care diagnostic tools,
can help identify patients with critical needs, such as those with severe
aortic stenosis or acute coronary syndromes, facilitating access to ad-
vanced interventional care into remote communities. Clinical studies
have consistently demonstrated the reliability and effectiveness of tele-
medicine technologies in improving patient outcomes and quality of life.
Moreover, these approaches have shown the potential to enhance
cost-effectiveness from the perspective of healthcare systems.®’
Nevertheless, critical challenges remain data security, confidentiality
and reimbursement models, which must be addressed to ensure sus-
tainable and equitable integration into routine practice.62

Recent successful examples of telemedicine application in interven-
tional cardiology include STEMI networks like the Mission: Lifeline
STEMI Systems Accelerator in the U.S., leveraging on remote ECG
transmission and teleconsultation to enable early cath lab activation, re-
ducing door-to-balloon times and improving outcomes.”* Post-PCl
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follow-up via telemonitoring has shown promise in trials like TIM-HF2,
where structured remote management led to lower mortality in high-risk
patients, many of whom had recent coronary interventions.*’ In struc-
tural heart disease, virtual heart teams were successfully implemented
during the COVID-19 pandemic in ltaly and France, allowing remote
case discussion and imaging review for TAVI and MitraClip candidates
without delaying care.®® In resource-limited regions such as India and
Brazil, ‘teleproctoring’ allowed senior interventionalists to remotely
guide complex procedures—including CTO PCl and valve-in-valve
cases—via live video and fluoroscopy feeds.** Additionally, mobile cath
labs deployed in rural China and parts of Africa have been supported
by teleconsultation from tertiary centers, enabling diagnostic and elective
interventional procedures in areas lacking fixed facilities.>* These experi-
ences underscore the potential of telemedicine to decentralize interven-
tional cardiology, support clinician training, and extend timely,
high-quality care to remote populations.

Decentralized training and resource
allocation

Building an effective interventional cardiology network requires targeted
investments in decentralized training and workforce development. The
establishment of regional centers of excellence for clinical training, men-
torship, and procedural support, has the potential to significantly strength-
en capacity in underserved areas. These centers can act as hubs, ensuring
that local providers have access to the latest techniques and best practices
in the field of interventional cardiology. Simultaneously, incentive pro-
grams such as scholarships, loan forgiveness, or competitive salaries can
motivate healthcare professionals to pursue training in interventional
cardiology and to commit to practicing in rural or resource-limited envir-
onments. Building local expertise in percutaneous interventions funda-
mentals and hands-on procedural skills is essential to establishing
a sustainable, equitable network of cardiovascular care that can reach
all patients, regardless of their location.®** An essential component of re-
ducing disparities in acute cardiac care is the active involvement of para-
medics in both diagnostic and therapeutic pathways.®> Evidence from
the US. and Europe shows that empowering paramedics to perform
and transmit pre-hospital ECGs, initiate triage, and administer first-line
therapy reduces delays in STEMI treatment and improves outcomes.
Building on this, paramedic-focused education programs have been
shown to increase the proportion of direct STEMI transfers to
PCl-capable centers and significantly reduce door-to-balloon times, there-
by enhancing system efficiency and patient outcomes.*¢’

Policy advocacy and reimbursement

reform

International cardiology societies and professional associations play a
pivotal role in fostering dialogue with legislators and health authorities
to support equitable access to advanced cardiovascular interventions.®®
This includes efforts to simplify regulatory processes, streamline ap-
provals for devices and procedures, and reduce administrative burdens
that delay timely treatment. Reimbursement models must also evolve.
Current fee-for-service systems may inadvertently discourage hospitals
from offering costly structural interventions, especially in low-resource
settings. Promoting value-based care models that reward outcomes ra-
ther than procedural volume could help align financial incentives with
patient-centered goals, improving access to advanced interventional
therapies while ensuring cost-effectiveness.

Conclusion

Disparities in interventional cardiology affect both patients and health-
care professionals. Unequal access to procedures like coronary and

structural interventions leads to avoidable delays, worse outcomes,
and deepens existing health inequities. At the same time, clinicians
working in underserved or resource-limited settings face professional
isolation, moral distress, and burnout—consequences of being unable
to deliver guideline-based care due to systemic barriers. These inequi-
ties compromise not only care delivery but also workforce sustainabil-
ity and morale. Bridging these gaps requires coordinated action to
improve infrastructure, reimbursement models, workforce distribu-
tion, and policy frameworks—ensuring equitable, high-quality cardio-
vascular care for all and supporting those who deliver it. A future
where interventional cardiology is accessible to all is not only desirable
but achievable—if equity becomes a shared clinical and political
imperative.
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