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ABSTRACT

Objective: Coronary artery perforation (CAP) is a rare but potentially life-threatening
complication of percutaneous coronary intervention (PCI), associated with significant
morbidity and mortality. The management of distal CAPs poses particular clinical challenges
due to limited therapeutic options. This review evaluates the mechanisms, contemporary
management strategies, and specifically therole of autologous fat tissue embolization in the
treatment of distal CAPs occurring during PCI, based on the current literature and supported
by our single-center clinical experience.

Methods: The contemporary literature regarding the definition, classification, and treatment
approaches for distal CAPs was reviewed. In addition, findings reported in the literature
were assessed in conjunction with our single-center clinical experience in managing distal
CAPs occurring during PCI using autologous fat tissue embolization.

Results: Published data indicate that distal CAPs are most frequently associated with
guidewire manipulation, with small vessel diameter representing a major risk factor. In the
presented cases, perforations were classified as Ellis type II or type III, and complete
angiographic success was achieved in all patients following autologous fat tissue
embolization. Contrast extravasation was fully resolved, and no perforation-related major
complications or mortality were observed during in-hospital stay or short-term clinical
follow-up.

Conclusion: Distal CAPs are rare but potentially life-threatening complications of PCI.
Guidewire manipulation appears to be a key determinant of perforationrisk, particularly in
distal coronary segments with a vessel diameter of less than 1 mm. In distal perforations
refractory to prolonged balloon inflation, autologous fat tissue embolization may be
considered a feasible bailout therapeutic option, supported by both the available literature
and clinical experience.

Keywords: Coronary artery perforation; Distal coronary perforation; Percutaneous coronary
intervention; Guidewire-related complications; Autologous fat embolization;

coronary artery disease. Nevertheless,

Introduction despite technological progress, various

In  parallel with advancements in complications may still occur during these

technological ~equipment, percutaneous procedures. Among these, coronary artery
coronary interventions (PCI) have been

increasingly utilized in the treatment of

perforation (CAP) is a rare but potentially
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life-threatening clinical condition

associated with a high risk of morbidity and
mortality (1).

When coronary artery perforation occurs,
initial management typically includes
conservative measures such as reversal of
anticoagulation and prolonged balloon
inflation (2). In cases where these
approaches are insufficient, advanced
treatment options—including embolization
techniques, covered stent implantation, or
emergent surgical intervention—may be
required (2).

In the management of distal CAPs, various
embolization techniques such as collagen,
adhesive agents, microcoils, and fat
embolization can be employed (2).
However, data regarding autologous fat
tissue embolization remain largely limited
to case reports and small patient series in the
literature. In this review, the mechanisms
and contemporary treatment strategies for
distal CAPs occurring during PCI are
evaluated in light of the available literature,
and the current evidence is discussed in
conjunction with our clinical experience
involving distal perforations managed with
autologous fat tissue embolization.

Materials and Methods

Literature
Experience

Review and Clinical

The contemporary literature regarding the
definition, classification, risk factors, and
treatment strategies of distal coronary artery
perforations was systematically reviewed.
The literature search was conducted using
the PubMed database and covered the
period between 2000 and 2025. The
following keywords were used: “coronary
artery perforation,” “distal coronary
perforation,” “guidewire-related
perforation,” and ““fat embolization.” The
findings derived from the literature were

evaluated in conjunction with our clinical
experience in managing distal coronary
artery perforations occurring during PCI
using autologous fat tissue embolization.

Definition of
Perforation

Coronary  Artery

Coronary artery perforations were defined
according to the Ellis classification
system.(3)

Accordingly, Type 1 perforations are
characterized by limited vessel wall injury
without contrast extravasation. Type II
perforations are defined by localized
contrast leakage into the pericardial space,
whereas Type III  perforations are
characterized by free, jet-like contrast
extravasation with a diameter >1 mm and
are associated with a significant risk of
cardiac tamponade. The Type III-CS
subtype is distinguished by drainage of
contrast material into the cardiac chambers
rather than into the pericardial space.

Autologous Fat Embolization Technique

Following angiographic confirmation of
distal coronary artery perforation, the
guidewire was advanced beyond the site of
perforation, and a microcatheter was
positioned approximately 10-15 mm
proximal to the perforation site. Autologous
fat tissue was harvested from the
subcutaneous tissue through a minimal skin
incision, mixed with contrast medium, and
slowly and carefully injected into the distal
segment via the microcatheter using a
locking syringe. After embolization,
follow-up coronary angiography was
performed to confirm the resolution of
contrast extravasation and to assess distal
coronary flow.

Case-Based Clinical Experience

This section summarizes our clinical
experience with the management of
guidewire-related distal CAPs occurring
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during PCI using autologous fat tissue

embolization (Table 1).

Table 1. Clinical, Procedural, and Outcome Characteristics of the Cases

Characteristic
Age / Sex
Height (cm)
Weight (kg)
Clinical presentation
Cardiovascular  risk
factors
ECG findings

Echocardiographic
findings
Target vessel

Lesion characteristics
Guiding catheter
Guidewire

Implanted stent(s)

Cause of perforation
Perforation type (Ellis)
Perforation location
Initial management
Balloon inflation
duration

Additional
complication
Pericardial effusion
Pericardiocentesis
Embolization
technique
Angiographic success
In-hospital
complications
Additional treatment
Clinical outcome
1-month follow-up

Case 1
45 / Male
170
78
NSTEMI

DM, active smoking

Sinus rhythm, no ST-T
changes
EF 65%, normal

Right
(RCA)
Distal 100% occlusion
JR4

Floppy

3.0 x 28 mm DES to
proximal RCA
Guidewire-related

Type 11
Distal RCA
Prolonged
inflation
15 min

coronary artery

balloon

Proximal RCA dissection

Minimal

No

Autologous
embolization
Complete closure
None

fat

DES for dissection
Uneventful
Asymptomatic

Case 2
86 / Male
160
55
Preoperative
(prior to CEA)
Active smoking

evaluation

Sinus  rhythm, T-wave
inversion in V4-V6

EF 60%, mild MR
Right coronary artery (RCA)

Mid-vessel 70% stenosis
JR4

Floppy

2.5x29mm + 3.0 X 29 mm
DES to RCA
Guidewire-related

Type 111

Distal RCA

Prolonged balloon inflation

15 min
None
Minimal
No

Autologous fat embolization

Complete closure
None

Additional PCI (after 2 days)
Uneventful
Asymptomatic

Case 3
79 / Male
170
90

Stable angina
HT, CAD, CKD

Sinus rhythm, no ST
changes
EF 65%, mild MR

Left circumflex artery
(LCX)

Critical 80% stenosis
EBU 3.5

Floppy

3.0 x 18 mm DES to
LCX
Guidewire-related
Type 111
Distal LCX
Prolonged
inflation
10 min

balloon

Cardiac tamponade

Significant

Yes (500 mL)
Autologous fat
embolization
Complete closure
Contrast-induced
nephropathy

CVVH

Uneventful
Asymptomatic

Abbreviations: NSTEMI, non—ST-segment elevation myocardial infarction; CEA, carotid endarterectomy, DM, diabetes
mellitus;, HT, hypertension; CAD, coronary artery disease; CKD, chronic kidney disease; ECG, electrocardiography, EF,
ejection fraction; MR, mitral regurgitation; RCA, right coronary artery; LCX, left circumflex artery, DES, drug-eluting stent;
PCI, percutaneous coronary intervention;, CVVH, continuous veno-venous hemofiltrati

Case 1 involved a 45-year-old male patient
presenting with non—ST-segment elevation
myocardial infarction. During PCI for distal
right coronary artery (RCA) occlusion, a
guidewire-related Ellis type II perforation
occurred. Despite prolonged balloon

inflation applied to the proximal segment,
contrast extravasation persisted.
Autologous fat tissue embolization was
therefore performed, resulting in complete
sealing of the perforation. A catheter-
induced proximal RCA dissection that
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developed during the procedure was
successfully treated with a drug-eluting
stent, and no additional perforation-related
complications were observed during
clinical follow-up.

Case 2 was an 86-year-old male patient in
whom multivessel coronary artery disease
was identified during preoperative
evaluation for carotid endarterectomy.
Given the high surgical risk and the Heart
Team decision, PCI was planned. During
intervention on the right coronary artery
(RCA), a guidewire-related Ellis type III
perforation occurred in the distal segment.
As prolonged balloon inflation failed to
control the perforation, autologous fat tissue
embolization was performed, achieving
complete closure. No increase in pericardial
effusion was observed during follow-up,
and successful PCI of the remaining
coronary lesions was performed two days
later.

Case 3 involved a 79-year-old male patient
presenting with stable angina pectoris.
Early after PCI to the left circumflex artery
(LCX), acute hemodynamic instability
developed. Transthoracic echocardiography
revealed significant pericardial effusion,
prompting emergent pericardiocentesis.
Control coronary angiography
demonstrated an Ellis type III perforation in
the distal LCX. As prolonged balloon
inflation proved insufficient, autologous fat
tissue embolization was applied, resulting
in complete resolution of the perforation.
Contrast-induced acute kidney injury
developed during follow-up but resolved
with conservative management.

In all cases, autologous fat tissue
embolization achieved complete
angiographic and clinical success. No
perforation-related major complications
were observed during in-hospital stay or
short-term clinical follow-up.
Representative angiographic images and
videos of a guidewire-related Ellis type 111
distal CAP, the immediate result after

autologous fat tissue embolization, and
follow-up angiography are provided in
Videos 1-3.

Image 1: Coronary angiography demonstrating an
Ellis type I1I distal coronary artery perforation at the
distal segment of the right coronary artery (RCA),
characterized by free contrast extravasation
following guidewire manipulation.

Image 2: Angiographic appearance immediately
after autologous fat tissue embolization, showing
complete cessation of distal coronary flow and full
resolution of contrast extravasationat the perforation
site.
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Image 3: Follow-up coronary angiography
performed two days after the index procedure,
demonstrating sustained sealing of the perforation
site and confirming the durable procedural success
of autologous fat tissue embolization.

Discussions

Iatrogenic CAP, although rare, represents a
critical complication that may lead to severe
hemodynamic instability, cardiac
tamponade, and potentially fatal clinical
outcomes if not recognized promptly and
managed appropriately (1). Consequently,
perforations occurring during PCI are
considered true emergencies that require
rapid diagnosis and timely, effective
intervention.

According to the existing literature,
advanced age, a history of prior
percutaneous coronary intervention, the
presence of multivessel coronary artery
disease, calcified and complex lesion
morphology, small-caliber and tortuous
coronary vessels, the use of balloons or
stents disproportionate to vessel diameter,
high inflation pressures, and the application
of advanced interventional techniques such
as rotational atherectomy have been
identified as major risk factors for the
development of CAP (4). Notably, as lesion
complexity increases and manipulation
within distal coronary segments becomes
more extensive, the risk of perforation has
been shown to rise significantly.

Based on anatomical localization, CAPs are
classified as large epicardial vessel
perforations, distal vessel perforations, and
septal or epicardial collateral vessel
perforations (2). Among these categories,
distal vessel perforations most commonly
result from injury to small coronary
branches or collateral vessels with a
diameter of less than 2 mm and are closely
associated with guidewire manipulation,
particularly within distal coronary segments
(2,9).

It has been reported that patients who
develop coronary artery perforation during
PCI experience a significantly higher
incidence of major adverse cardiovascular
events (1). In this patient population, an
increased rate of major adverse events
during hospitalization and a markedly
elevated risk of early mortality have been
observed (1). These findings demonstrate
that, although CAP is an infrequent
complication, its occurrence is associated
with substantial deterioration in clinical
outcomes and underscore the importance of
a cautious and preventive approach to
minimize the risk of perforation, especially
in high-risk patient groups.

When a diagnosis of CAP is established,
prolonged balloon inflation appropriately
sized to the proximal vessel diameter is
generally recommended as the initial
therapeutic approach (6). In cases where
this strategy proves insufficient, escalation
to advanced treatment options becomes
necessary. While covered stent implantation
is frequently preferred for large epicardial
vessel perforations, various embolization
techniques are employed in small and distal
vessel perforations to achieve controlled
termination of distal flow. In this context,
coils, autologous fat tissue, autologous skin
tissue, autologous blood clots, thrombin,
microspheres, collagen, gelatin sponge,
polyvinyl alcohol (PVA) particles, and
balloon fragments have all been reported as
materials for distal embolization (7,8).
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Autologous fat tissue embolization has
emerged as a practical and readily
accessible option in the management of
distal CAP. The relative technical simplicity
of the procedure, the absence of a steep
learning curve, and its feasibility using
standard microcatheter systems allow
experienced PCI operators to implement
this technique rapidly in emergency
settings. Moreover, the lack of requirement
for specialized or costly materials
minimizes additional procedural costs.

The rapid availability of adipose tissue
represents a key advantage that enhances
the applicability of this technique in time-
critical clinical situations. The lack of
necessity for anticoagulation reversal is
another noteworthy feature, as it may
reduce the risk of acute stent thrombosis.
Previous reports have indicated that fat
particles may be resorbed over time, with
partial restoration of flow in the embolized
distal segment.

In published case series involving
transcatheter embolization with autologous
fat particles, CAP has been reported to
occur predominantly during interventions
involving complex lesion morphology—
particularly chronic total occlusions—and
is frequently associated with guidewire
manipulation (9). However, available
clinical experience suggests that distal CAP
cannot be explained solely by lesion
complexity or the hydrophilic properties of
the guidewire; distal segment manipulation
and small vessel diameter also appear to
play a significant role. In this context,
guidewire  manipulation should be
considered an important determinant of
perforation risk, particularly in distal
coronary segments with a vessel diameter of
less than 1 mm.

When the available evidence from the
literature is considered alongside clinical
experience, it becomes clear that rapid
diagnosis and a stepwise treatment strategy
are of critical importance in the

management of distal CAPs. In guidewire-
related perforations occurring in small-
caliber distal coronary segments, prolonged
balloon inflation should be implemented as
the first-line therapeutic approach. If this
strategy proves ineffective, embolization
techniques aimed at controlled termination
of distal flow should be promptly
considered. In this context, autologous fat
tissue embolization may be integrated into
clinical practice as an effective bailout
treatment option in appropriately selected
patients, owing to its ready availability, the
absence of a requirement for specialized
materials, and the lack of need for
anticoagulation reversal. Nevertheless,
careful manipulation within distal coronary
segments and the adoption of a controlled
approach to guidewire advancement
particularly in segments with a vessel
diameter of less than 1 mm represent
fundamental strategies for the prevention of
this serious complication.

The main limitations of this study include
its single-center, retrospective design and
the limited number of patients. In addition,
the absence of long-term clinical and
angiographic follow-up data restricts the
generalizability of the findings.

Conculusion

Distal CAPs occurring during PCI, although
infrequent, represent potentially life-
threatening complications.  Guidewire
manipulation appears to be a key
determinant of perforationrisk, particularly
in distal coronary segments with a vessel
diameter of less than 1 mm. When current
evidence from the literature is considered
alongside clinical experience, autologous
fat tissue embolization emerges as a feasible
and effective bailout treatment option for
distal coronary perforations refractory to
prolonged balloon inflation. Nevertheless,
larger patient series are required to more
clearly define the efficacy and safety of this
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technique across  different  clinical
scenarios.
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