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Abstract

Tatrogenic complications remain an inherent risk of endovascular cardiac procedures despite continuous advancements
in device technology and procedural techniques. With the expanding use of percutaneous coronary interventions,
transcatheter valve therapies, and catheter-based structural interventions, operators increasingly encounter complications
related to vascular access, device manipulation, and structural injury. These events, including coronary perforation,
vascular disruption, device embolization, and access-site complications, may lead to significant morbidity if not promptly
recognized and managed. Contemporary practice has shifted from reliance on emergent surgical conversion toward
catheter-based rescue strategies that enable rapid stabilization in many cases. Early recognition through angiographic
assessment, hemodynamic monitoring, and adjunctive imaging plays a central role in successful management.
Endovascular techniques such as retrieval systems, covered stents, embolization methods, and flow restoration strategies
have become essential tools in addressing procedural complications. Mechanical circulatory support may further assist
in stabilizing patients with hemodynamic compromise. Identifying procedural and patient-related risk factors, including
vascular calcification, large-bore access, and prior surgical interventions, allows for improved procedural planning and
complication prevention. A structured approach integrating prevention, rapid diagnosis, and targeted endovascular
intervention is critical for optimizing outcomes. This review provides an overview of the mechanisms, predictors,
recognition, and contemporary management strategies of iatrogenic complications encountered during endovascular
cardiac procedures.
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Abbreviations

PCI: Percutaneous Coronary Intervention
LVOT: Left Ventricular Outflow Tract
CKD: Chronic Kidney Disease

Introduction

The rapid evolution of endovascular cardiac procedures over the past two decades has substantially expanded
therapeutic options for patients with complex coronary and structural heart disease. Techniques such as percutaneous
coronary intervention (PCI), transcatheter valve therapies, and catheter-based management of structural abnormalities
have increasingly replaced or complemented surgical approaches due to their minimally invasive nature and favorable

J Cardiol Res Endovasc Ther, 2026 1


https://www.primeopenaccess.com/international-journals/cardiology-research-and-endovascular-therapy.asp

recovery profiles. However, this procedural expansion has been accompanied by a growing spectrum of iatrogenic
complications that may arise during device manipulation, vascular access, or deployment of therapeutic systems [1].

Although the overall safety profile of contemporary endovascular interventions remains acceptable, complications such
as coronary perforation, vascular injury, device embolization, catheter entrapment, and structural disruption continue to
represent significant procedural hazards. These adverse events are not merely technical inconveniences but may rapidly
escalate into life-threatening conditions, including hemodynamic collapse, myocardial ischemia, tamponade, or acute
valvular dysfunction if not promptly recognized and managed [2].

Importantly, the management paradigm of iatrogenic complications has shifted considerably in the modern era.
Historically, emergent surgical conversion was often the only available rescue option in cases of major procedural failure.
Advances in catheter technology, imaging guidance, and endovascular tools have now enabled operators to address
many of these complications using percutaneous techniques alone, thereby reducing the need for urgent surgical
intervention and improving procedural outcomes [3].

Early identification and rapid decision-making are central to successful management. Contemporary interventional
practice increasingly emphasizes preparedness for procedural complications through structured algorithms, availability
of dedicated rescue devices, and multidisciplinary collaboration. In this context, understanding the mechanisms,
presentation, and endovascular management strategies of iatrogenic complications has become an essential component
of modern cardiac intervention [4].

A comprehensive literature search was conducted across multiple databases including PubMed/MEDLINE, Embase,
Scopus, Web of Science, and Cochrane Library to identify relevant studies addressing iatrogenic complications
during endovascular cardiac procedures. The search strategy incorporated combinations of the following keywords:
“endovascular cardiac procedures,” “iatrogenic complications,” “percutaneous coronary intervention,” “structural
heart intervention,” “coronary perforation,” “device embolization,” “vascular complications,” “bail-out techniques,” and
“endovascular rescue.” Only peer-reviewed studies published in English and indexed in biomedical databases were
considered. Additional relevant publications were identified through manual review of reference lists of selected articles.
The included literature focused on mechanisms, recognition, prevention, and catheter-based management of procedural

complications in contemporary endovascular practice.

" \

This review aims to provide a comprehensive overview of the underlying mechanisms, early recognition, and contemporary
catheter-based management of iatrogenic complications encountered during endovascular cardiac procedures.
Particular emphasis is placed on the evolving role of endovascular rescue techniques, procedural decision-making, and
the integration of imaging and mechanical support strategies in the acute setting. In addition, the review addresses key
procedural and patient-related predictors that may predispose to complications, as well as preventive approaches aimed
at minimizing procedural risk. By synthesizing current evidence and practical considerations, this work seeks to offer a
clinically relevant framework to assist operators in anticipating, recognizing, and effectively managing complications in
modern endovascular practice.

Classification of Iatrogenic Complications

Iatrogenic complications encountered during endovascular cardiac procedures encompass a heterogeneous group of
adverse events that may arise at various stages of the intervention. A structured classification facilitates rapid identification
and guides appropriate management strategies, particularly in high-acuity settings where delayed recognition may lead
to irreversible clinical deterioration.

Access-related complications represent one of the most frequently encountered categories. These events typically
include arterial dissection, perforation, pseudoaneurysm formation, and retroperitoneal hemorrhage. Despite advances
in vascular closure devices and imaging-guided puncture techniques, access-site complications continue to occur,
particularly in patients with calcified vessels, peripheral vascular disease, or challenging anatomy [5]. Such complications
may compromise procedural success or necessitate immediate endovascular salvage to prevent progression to
hemodynamic instability.

Device-related complications form another critical group and are closely linked to the increasing complexity of
contemporary interventions. Catheter kinking, guidewire fracture, device embolization, and entrapment are increasingly
recognized during complex PCI or structural procedures. These events often result from interactions between rigid
devices and tortuous or calcified vascular structures and may lead to loss of device control or distal migration [6]. In
many cases, prompt recognition allows for percutaneous retrieval, thereby avoiding surgical intervention.

Coronary complications remain among the most feared procedural adverse events. These include coronary dissection,
perforation, no-reflow phenomenon, and acute vessel closure. Their occurrence may compromise myocardial perfusion
and rapidly result in ischemia or infarction if not immediately addressed. Notably, coronary perforation, although
infrequent, carries significant morbidity and mortality, underscoring the need for immediate classification and response

[7].
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Structural complications are increasingly relevant in the era of transcatheter valve therapies and complex intracardiac
interventions. These may include prosthesis malposition, annular injury, worsening paravalvular regurgitation, or
leaflet damage. The expanding use of large-profile delivery systems and valve manipulation within fragile anatomical
environments increases the potential for structural disruption during deployment [8].

Radial access, although associated with lower bleeding risk compared with femoral access, is not free from complications.
Radial artery perforation, avulsion, and catheter entrapment may occur particularly in the presence of severe tortuosity
or spasm. These complications, while less frequent, may lead to procedural interruption or limb ischemia if not promptly
recognized and managed [9].

Finally, aortic complications such as iatrogenic dissection or root injury represent rare but catastrophic events. These
complications may occur during catheter manipulation or device advancement, particularly in the presence of calcified
or fragile aortic tissue. Their management often requires rapid endovascular stabilization or escalation to surgical repair
depending on clinical severity [10]. A comprehensive understanding of these complication categories is essential for
anticipating procedural risks and implementing timely rescue strategies. The classification of iatrogenic complications

encountered during endovascular cardiac procedures is summarized in Table 1.

Complication Category

Type of Complication

Typical Mechanism

Access-related

Arterial dissection

Sheath insertion trauma

Perforation

Large-bore access

Pseudoaneurysm

Incomplete closure

Retroperitoneal hemorrhage

High puncture site

Radial perforation

Tortuosity / spasm

Device-related

Catheter kinking

Excessive torque

Guidewire fracture

Calcified lesions

Device embolization

Loss of control

Device entrapment

Tortuous anatomy

Coronary Dissection Aggressive manipulation
Perforation Balloon overexpansion
No-reflow Distal embolization
Acute vessel closure Plaque shift

Structural Prosthesis malposition Deployment error
Annular injury Oversizing
Leaflet damage Device interaction

Aortic Aortic dissection Catheter trauma

Root injury

Device advancement

Table 1: Classification of Iatrogenic Complications During Endovascular Cardiac Procedures

Mechanisms of Complication Development

The occurrence of iatrogenic complications during endovascular cardiac procedures is rarely random and is typically
the result of a complex interaction between patient-related anatomical factors and procedural dynamics. Understanding
these underlying mechanisms is critical for both prevention and management.

Anatomical complexity remains one of the most significant contributors. Severe vascular calcification, tortuosity, and
prior surgical alterations can substantially increase procedural difficulty. Calcified vessels, in particular, reduce compliance
and increase resistance to catheter and device advancement, thereby predisposing to dissection, perforation, or device
deformation [11]. Similarly, tortuous anatomy may lead to excessive torque transmission, increasing the likelihood of
catheter kinking or guidewire-related injury.

Previous surgical interventions or the presence of prosthetic materials further complicate the procedural environment.
Surgical grafts, prosthetic valves, or patches may create rigid interfaces that alter normal flow patterns and mechanical
behavior. Device interaction with these structures may result in entrapment, malposition, or unintended displacement
during manipulation [12].

Access limitations also play a central role in complication development. In patients with compromised upper or lower
extremity vascular beds—such as those with dialysis fistulas or diffuse peripheral artery disease—the need to use
alternative access routes may introduce unfavorable angles or increased device stress during advancement. These
altered trajectories may amplify frictional forces and contribute to structural compromise of devices or vascular injury
[13].
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Device-related factors are equally important. The use of large-profile delivery systems, stiff guidewires, and high radial
force implants has improved procedural success in complex lesions but may simultaneously increase the risk of vascular
trauma or structural disruption. Balloon overexpansion in heavily calcified segments, for example, has been directly
associated with vessel rupture or annular injury in structural interventions [14].

Procedural technique and operator-driven factors also influence complication risk. Excessive manipulation, repeated
attempts at crossing resistant lesions, or aggressive device deployment in borderline anatomical settings may convert
manageable resistance into structural damage. In many instances, complications arise from cumulative microtrauma
rather than a single catastrophic maneuver [15].

Predictors of Iatrogenic Complications

The development of iatrogenic complications during endovascular cardiac procedures is influenced not only by procedural
complexity but also by identifiable patient- and anatomy-related risk factors. Recognition of these predictors before
intervention may allow operators to anticipate procedural challenges and adopt preventive strategies.

Severe vascular calcification is one of the most consistently reported predictors of mechanical complications. Rigid,
noncompliant vessels increase resistance during device advancement and balloon expansion, thereby predisposing to
dissection, perforation, or device deformation [11]. In structural interventions, heavy annular or LVOT calcification has
similarly been associated with an increased risk of rupture or prosthesis-related injury.

The use of large-bore access represents another important determinant of complication risk. Procedures requiring large
delivery systems, such as transcatheter valve implantation or mechanical circulatory support insertion, place substantial
stress on iliofemoral vessels and are associated with higher rates of access-site injury and bleeding [16].

Redo procedures and prior surgical interventions further increase procedural vulnerability. Surgical grafts, prosthetic
valves, and scarred vascular pathways alter anatomical compliance and may create zones of resistance that predispose
to catheter entrapment, device malposition, or vascular injury during manipulation [17].

Chronic kidney disease, particularly in patients receiving hemodialysis, has also been associated with increased
complication rates. These patients frequently exhibit diffuse vascular calcification and limited access options, which may
necessitate the use of alternative or suboptimal access routes, thereby increasing procedural complexity [18].

Finally, a history of prior cardiac or vascular surgery may independently contribute to procedural risk by altering native
anatomical relationships and introducing rigid prosthetic structures that interact unpredictably with endovascular devices
[10].

Identifying these predictors during pre-procedural planning allows for tailored access selection, device optimization, and
procedural strategy, which may reduce the likelihood of adverse events. Key procedural and patient-related predictors
associated with the development of iatrogenic complications are presented in Table 2.

Risk Factor Associated Complication
Severe vascular calcification | Perforation, dissection
Large-bore access Vascular injury

Prior cardiac surgery Device entrapment
Prosthetic material Malposition

Chronic kidney disease Access complications
Hemodialysis Limited access

Tortuous vessels Catheter kinking
Structural intervention Annular rupture
Alternative access routes Vascular trauma

Table 2: Predictors of Iatrogenic Complications

Early Recognition

Timely recognition of iatrogenic complications during endovascular cardiac procedures is a decisive determinant of
clinical outcome. The transition from a manageable technical issue to a life-threatening event often occurs within
minutes, making early detection essential for successful percutaneous rescue.

Angiographic assessment remains the primary modality for immediate recognition. Subtle contrast staining, extravasation,
vessel haziness, or abrupt flow limitation may represent early indicators of dissection or perforation before overt
hemodynamic compromise develops. In structural interventions, malalignment of prosthetic components or abnormal
contrast distribution may signal device malposition or annular injury [19]. Continuous vigilance during contrast injection
and device deployment is therefore critical.
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Hemodynamic monitoring provides an additional layer of detection. Sudden hypotension, loss of arterial waveform
fidelity, or unexpected elevation in filling pressures may precede overt angiographic findings. In cases such as coronary
perforation or annular rupture, hemodynamic instability may reflect pericardial tamponade or acute valvular dysfunction
even before imaging confirmation [20].

Adjunctive imaging modalities have assumed an increasingly important role in early diagnosis. Transesophageal
echocardiography enables real-time visualization of pericardial effusion, prosthesis position, or structural disruption during
valve interventions. Intravascular imaging tools such as intravascular ultrasound and optical coherence tomography may
identify vessel wall injury, stent malapposition, or deep dissections not readily apparent on angiography alone [21].

Electrocardiographic changes may also provide early clues, particularly in coronary complications. Acute ST-segment
shifts or new conduction disturbances during device manipulation should prompt immediate reassessment for vessel
compromise or mechanical obstruction [22]. Ultimately, early recognition depends on the integration of angiographic
findings, hemodynamic signals, and imaging data within a structured procedural awareness framework. Prompt
identification enables rapid initiation of endovascular rescue strategies and reduces the likelihood of escalation to
surgical intervention.

Endovascular Rescue Strategies

Once an iatrogenic complication is identified, immediate implementation of endovascular rescue strategies becomes
essential to prevent clinical deterioration. Contemporary interventional practice increasingly relies on catheter-based
solutions that allow stabilization without surgical escalation.

Retrieval techniques constitute a fundamental component of endovascular rescue. Snare systems are widely used to
retrieve embolized or entrapped devices, including guidewires, stents, or catheter fragments. Successful percutaneous
retrieval has been reported in the majority of cases involving intravascular foreign body loss, thereby avoiding emergent
surgical intervention [23]. Alternative tools such as bioptomes or dedicated grasping devices may also be employed
depending on device location and accessibility.

Repositioning strategies are frequently required when devices become malaligned or partially deployed. Balloon-assisted
repositioning allows controlled redirection of prosthetic components or displaced stents, particularly in structural
interventions. Similarly, re-crossing techniques using hydrophilic guidewires may restore procedural control following
device-induced obstruction [4].

Sealing techniques are crucial in cases involving vascular disruption. Covered stents provide rapid exclusion of
perforations within coronary or peripheral vessels and have become a standard bailout option in severe vessel injury.
In smaller branches or distal perforations, coil embolization or vascular plugs may be employed to achieve hemostasis
while preserving proximal flow [24].

Flow restoration strategies are particularly relevant in coronary complications associated with vessel closure or embolic
obstruction. Emergency stenting may be required to stabilize dissections or seal perforations, while aspiration techniques
can remove thrombotic or debris-related obstructions that compromise perfusion [25].

The effectiveness of these endovascular rescue methods depends on rapid selection of an appropriate strategy tailored
to the specific complication. In many instances, the availability of multiple bailout tools within the catheterization
laboratory has transformed previously catastrophic events into manageable procedural challenges. The selection of
endovascular rescue strategies according to complication type is outlined in Table 3.

Complication First-Line Strategy | Alternative Strategy
Coronary perforation | Balloon tamponade | Covered stent

Distal perforation Coil embolization Vascular plug

Device embolization | Snare retrieval Stent fixation

Device entrapment Gentle traction Dual access retrieval
Catheter kinking Wire exchange Retrieval system
Access bleeding Compression Endovascular stent graft
Pseudoaneurysm Thrombin injection Surgical repair
No-reflow Aspiration Vasodilators
Dissection Stenting Surgical conversion

Table 3: Endovascular Rescue Techniques According to Complication Type
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Management of Specific Complications
The clinical impact of iatrogenic complications varies according to the nature and location of the injury, necessitating
tailored management strategies for each scenario.

Coronary perforation represents one of the most critical complications encountered during percutaneous interventions.
Management is typically guided by the severity of vessel injury and hemodynamic status. Immediate balloon inflation
at the site of perforation may provide temporary hemostasis, while definitive management often involves implantation
of covered stents in proximal vessels. In distal or small branch perforations, embolization using coils or other occlusive
materials may be required to control extravasation and prevent tamponade [26].

Catheter or device entrapment is another challenging situation that may occur in tortuous or calcified anatomy.
Percutaneous snare retrieval remains the most widely used method for resolving these events. In cases where simple
retrieval is not feasible, counter-traction techniques using dual access routes can provide additional control and facilitate
release of the trapped device [27].

Device embolization, including stent loss or prosthesis migration, demands rapid localization and decision-making. If the
embolized component remains accessible, percutaneous retrieval is generally preferred. However, in certain situations
where retrieval carries excessive risk, fixation of the embolized device against the vessel wall using an additional stent
may represent a safer alternative [28].

Annular or aortic root injury during structural interventions constitutes a rare but potentially catastrophic complication.
Endovascular stabilization through rapid hemodynamic support and sealing strategies may be attempted in selected
cases, although severe injuries may ultimately require surgical correction. Early detection remains critical for preventing
progression to circulatory collapse [29].

These complication-specific approaches underscore the importance of procedural adaptability. The ability to rapidly
transition from standard intervention to targeted rescue strategy significantly influences both procedural success and
patient survival.

Role of Mechanical Circulatory Support

In certain iatrogenic complications encountered during endovascular cardiac procedures, hemodynamic deterioration
may occur despite rapid technical correction. In these situations, Mechanical Circulatory Support (MCS) can provide a
critical bridge to stabilization, allowing time for definitive endovascular or surgical management.

Intra-Aortic Balloon Pump (IABP) remains one of the most readily available support devices and may be employed to
augment coronary perfusion and reduce afterload in cases of acute ischemia resulting from vessel closure or severe
dissection. Although its hemodynamic support is modest, its rapid deployability makes it useful in the acute procedural
setting [30].

More advanced support systems, such as percutaneous ventricular assist devices, provide greater circulatory stabilization
by directly unloading the left ventricle and maintaining systemic perfusion. These devices are particularly valuable in
scenarios involving profound myocardial ischemia, acute valvular dysfunction, or procedural complications leading to
cardiogenic shock [31].

In extreme cases characterized by severe hemodynamic collapse or refractory instability, Extra Corporeal Membrane
Oxygenation (ECMO) may be required. ECMO offers full cardiopulmonary support and can be lifesaving in situations
such as annular rupture, catastrophic perforation, or massive embolic events when conventional support measures are
insufficient [32].

Importantly, the use of mechanical support should not be viewed solely as a rescue intervention but also as a stabilizing
adjunct that facilitates controlled management of the underlying complication. Early deployment in selected high-risk
scenarios may improve procedural outcomes by preventing progression to irreversible organ hypoperfusion.

Access Site Salvage Techniques

Access-site complications remain among the most common iatrogenic problems in endovascular cardiac procedures and
range from self-limited bleeding to limb- or life-threatening vascular injury. Contemporary practice increasingly favors
prompt endovascular “salvage” over open repair when anatomy and hemodynamics permit, because rapid percutaneous
control of bleeding or flow-limiting injury can stabilize the patient while minimizing procedural delay and physiological
stress. A practical salvage mindset begins with immediate recognition that access complications often evolve quickly and
may present initially with subtle groin swelling, persistent oozing around the sheath, loss of distal pulses, or otherwise
unexplained hypotension.

When a femoral pseudoaneurysm develops after sheath removal, ultrasound confirmation is typically straightforward,
and percutaneous ultrasound-guided thrombin injection has become a standard first-line therapy in many centers
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due to high technical success and rapid hemostasis [33]. Comparative evidence also supports thrombin injection over
ultrasound-guided compression in terms of procedural efficacy and patient tolerance, making it the preferred minimally
invasive option in most post-catheterization pseudoaneurysms when morphology is suitable and there is no infected field
[34]. In the subset of patients with complex pseudoaneurysm anatomy, large necks, multiloculation, or failed thrombin
injection, escalation to endovascular exclusion with stent-grafting or, less commonly, surgery may be required, but the
decision is usually individualized based on bleeding risk, limb perfusion, and feasibility of maintaining arterial patency.

Retroperitoneal hemorrhage is a distinct and particularly dangerous access-site complication, classically related to high
femoral puncture and anticoagulation. Because external compression is often ineffective, management hinges on early
suspicion, aggressive resuscitation, and rapid localization of bleeding. If the patient does not stabilize or continues to
require transfusion, an anatomic, catheter-based approach is often emphasized, including selective angiography to
identify the bleeding source and endovascular measures to control it [35]. Large registries and contemporary analyses
confirm that retroperitoneal bleeding, although uncommon, is associated with major morbidity and adverse outcomes
after PCI, reinforcing the need for a low threshold to escalate from conservative measures to invasive control when
instability persists [36].

For overt iliofemoral arterial injury—such as perforation or rupture during large-bore access or challenging sheath
advancement—immediate endovascular temporization can be lifesaving. A commonly described strategy is rapid balloon
tamponade across the injury to obtain immediate hemostatic control, followed by definitive therapy with covered stent
implantation when anatomically appropriate [37]. This approach is also embedded in broader guidance documents on
access management, which highlight prolonged balloon inflation, stent implantation (including covered stents), and
surgery as the main options when percutaneous closure fails or when major vascular injury occurs [38]. The practical
implication for cath lab readiness is that salvage requires not only technique, but also logistics: rapid availability of
appropriately sized balloons, covered stents, contralateral or alternative access capability, and a clear escalation pathway
involving vascular surgery and interventional radiology.

When Endovascular Rescue Fails

Despite significant advances in catheter-based rescue techniques, there remain situations in which endovascular
management cannot fully resolve iatrogenic complications. In such cases, timely recognition of procedural failure and
appropriate escalation are essential to prevent irreversible clinical deterioration.

Persistent hemodynamic instability despite successful technical correction is one of the clearest indicators that
endovascular rescue may be insufficient. Ongoing hypotension, progressive pericardial effusion, or refractory ischemia
may signal underlying structural disruption that cannot be stabilized with percutaneous tools alone [39]. Delayed
escalation in these settings may worsen outcomes by prolonging myocardial or systemic hypoperfusion.

In cases of extensive vascular injury or uncontrolled bleeding, surgical conversion may become unavoidable. For example,
large annular rupture, extensive aortic dissection, or failure to control perforation despite covered stent implantation
often necessitates open repair. Observational data from transcatheter valve procedures indicate that although emergent
surgical conversion is uncommon, it carries substantial risk and therefore requires early coordination with surgical teams
when suspected [4].

Device-related complications may also mandate escalation when retrieval or repositioning fails. Entrapped or embolized
components that cannot be safely accessed through percutaneous routes may pose ongoing risks of embolization,
obstruction, or infection. In these circumstances, surgical removal may represent the most definitive solution [40].

Another critical consideration is the presence of progressive end-organ compromise. Persistent myocardial ischemia,
limb-threatening ischemia from access-site injury, or ongoing tamponade despite drainage should prompt reassessment
of the procedural strategy and early involvement of surgical support [41].

Ultimately, the transition from endovascular rescue to surgical intervention should not be viewed as a procedural failure
but as a continuation of the rescue pathway. A structured approach that emphasizes early identification of unsuccessful
percutaneous stabilization can reduce delays and improve survival in high-risk complications.

Prevention Strategies

While effective rescue techniques have significantly improved the management of iatrogenic complications, prevention
remains the most reliable means of reducing procedural morbidity. A structured preventive approach begins before
vascular access and continues throughout device selection and deployment.

Pre-procedural imaging plays a central role in risk stratification. Computed tomography, vascular ultrasound, and
echocardiographic assessment provide valuable information regarding vessel caliber, calcification, tortuosity, and
structural anatomy. Such imaging allows operators to anticipate mechanical challenges and tailor procedural strategy
accordingly [42]. In structural interventions, annular sizing and evaluation of surrounding tissue integrity are particularly
important for minimizing the risk of rupture or malposition.
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Access planning is another critical component of complication prevention. The selection of an appropriate vascular
entry site based on anatomical suitability can reduce the likelihood of bleeding, dissection, or closure failure. Real-time
ultrasound guidance has been shown to improve puncture accuracy and reduce access-site complications by ensuring
entry into the optimal arterial segment [13].

Device selection must also be individualized according to anatomical and procedural demands. Oversized balloons,
excessively stiff guidewires, or inappropriate delivery systems may increase the risk of vascular trauma or structural
disruption. Contemporary practice increasingly emphasizes matching device characteristics to lesion morphology and
vessel compliance to minimize mechanical stress [43].

Procedural technique further influences complication risk. Controlled advancement of catheters and avoidance of
excessive force during lesion crossing are essential to prevent dissection or perforation. Similarly, careful monitoring
during balloon inflation and device deployment can reduce the likelihood of sudden structural injury [44].

Finally, operator awareness and preparedness remain fundamental. The presence of bailout equipment and predefined
management strategies within the catheterization laboratory allows immediate response when unexpected resistance or
anatomical limitations are encountered.

Proposed Management Algorithm

A structured approach to the management of iatrogenic complications during endovascular cardiac procedures can
significantly improve procedural outcomes by enabling rapid decision-making under pressure. Rather than relying solely
on operator experience or improvisation, the use of a stepwise response framework facilitates timely stabilization and
targeted intervention.

The first step involves immediate detection. Recognition of abnormal angiographic findings, hemodynamic instability, or
unexpected resistance during device manipulation should prompt procedural reassessment. Early identification allows
intervention before complications evolve into irreversible clinical deterioration [2].

Following detection, stabilization becomes the priority. Initial measures may include balloon tamponade in cases of
perforation, rapid volume resuscitation, pericardial drainage when tamponade is suspected, or initiation of mechanical
support in the presence of circulatory collapse [45].

Once the patient is stabilized, classification of the complication is essential to guide management strategy. Distinguishing
between access-related injury, coronary disruption, device-related failure, or structural damage helps determine whether
retrieval, sealing, or flow restoration techniques are most appropriate [46].

The next phase involves targeted endovascular rescue. Depending on the nature of the complication, this may include
snare retrieval, covered stent deployment, coil embolization, or repositioning of displaced devices. Prompt selection of
the appropriate technique is critical to restoring procedural control and preventing escalation [6].

Finally, reassessment is required to determine whether stabilization has been achieved or whether escalation to surgical
management is necessary. Persistent instability, uncontrolled bleeding, or unresolved structural injury should prompt
early involvement of surgical teams rather than prolonged attempts at percutaneous correction [47]. The implementation
of such an algorithm promotes consistency in response and reduces delays that may adversely affect patient outcomes.

Future Directions

As endovascular cardiac interventions continue to expand in complexity, the landscape of complication management is
also evolving. Emerging technologies and procedural innovations are expected to reshape both prevention and rescue
strategies in the coming years.

One important direction involves the development of dedicated retrieval and sealing devices specifically designed
for intraprocedural complications. Current tools are largely adapted from peripheral or non-cardiac applications, and
purpose-built systems may improve efficiency and safety in managing device embolization, perforation, or structural
injury [48].

Advances in imaging integration are also likely to enhance procedural precision. The increasing use of fusion imaging,
combining fluoroscopy with echocardiographic or computed tomography data, allows more accurate navigation within
complex anatomy. This improved spatial awareness may reduce the risk of mechanical injury during device deployment
and facilitate early detection of complications when they arise [49].

Artificial intelligence-assisted procedural planning represents another emerging field. Predictive modeling based on pre-
procedural imaging and patient-specific anatomy may help identify high-risk scenarios before intervention. Such tools
could assist in selecting optimal access routes, device sizes, and deployment strategies, thereby minimizing procedural
stress on vulnerable structures [50].
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Finally, simulation-based training is gaining importance as a method for preparing operators to manage rare but high-
impact complications. Structured simulation environments allow rehearsal of bailout techniques in controlled settings,
which may translate into faster and more coordinated responses in real-world procedures [51].

Conclusion

Iatrogenic complications remain an inherent risk of endovascular cardiac procedures despite ongoing technological
and procedural advancements. As interventions become more complex and are increasingly performed in anatomically
challenging or high-risk patients, the likelihood of encountering procedural complications persists. The contemporary
management paradigm has shifted from reliance on emergent surgical bailout toward a structured, catheter-based
response supported by advanced imaging, specialized devices, and mechanical circulatory support when necessary.
Early recognition, rapid stabilization, and targeted endovascular intervention are the central determinants of successful
outcomes.

Equally important is the recognition that effective management begins before the complication occurs. Careful pre-
procedural planning, appropriate access selection, and device optimization significantly reduce procedural risk. When
complications do arise, a systematic and prepared response allows many adverse events to be resolved without escalation
to surgery.

Ultimately, improving outcomes in the setting of iatrogenic complications depends on a comprehensive strategy that
integrates prevention, rapid diagnosis, and adaptable endovascular rescue techniques. As procedural complexity continues
to evolve, maintaining readiness for these events will remain a fundamental component of modern endovascular cardiac
practice.
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