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bstract

source-limited settings.

Background: Coronary artery perforation (CAP) is a rare but life-threatening complication of coronary artery interventions.
Despite its rarity, the potential severity of CAP necessitates prompt and effective management strategies, especially in re-

Case Presentation: We report the case of a 60-year-old female who experienced a mid-portion left anterior descending (LAD)
artery Ellis class 3 perforation, resulting in cardiac tamponade during stent post-dilation. The patient suffered cardiac arrest but
was successfully resuscitated. Faced with limited resources, the medical team managed the perforation with pericardiocentesis
followed by the placement of a PTFE-coated stent, achieving TIMI grade 3 flow restorations.

Conclusion: This case underscores the challenges and importance of resourceful management in acute cardiac emergencies. It
provides valuable insights into handling CAP under resource-limited settings, emphasizing the critical role of quick decision-
making and appropriate interventions in improving patient outcomes
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Introduction

Coronary Artery Perforation (CAP) is an uncommon, yet se-
rious risk associated with percutaneous coronary intervention
(PCI) and similar cardiac procedures [1]. It arises from acci-
dental damage, leading to the rupture of the coronary arterial
wall [2]. CAP's clinical manifestations range from minor, self-
limiting hemorrhages to grave complications such as cardiac
tamponade, cardiogenic shock, myocardial infarction, and po-
tentially fatal hemorrhaging [3,7].

Research indicates that CAP occurs in approximately 0.1-
0.48% of interventions, with associated mortality rates be-
tween 7% and 17% [5]. Several factors can increase the like-
lihood of CAP, including individual patient characteristics,
procedural issues, lesion types, and the choice of interventional

techniques. Despite the strides made in interventional cardi-
ology tools and techniques, CAP remains a challenging and
sometimes unavoidable issue for medical professionals due to
the accidental nature of its onset and the significant adverse
outcomes that can follow. Timely and effective identification
and management are critical to substantially reduce the risk of
severe complications [12].

This case study details a particularly notable instance of CAP,
examining how its occurrence and resolution align with, or di-
verge from, the current understanding of CAP. It seeks to pro-
vide insights that may aid interventional cardiologists, cardiac
surgeons, and others involved in coronary interventions to ad-
dress coronary artery perforations and enhance overall patient
care.
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Case Presentation

A 60-year-old female presented to the cardiology unit with
exertional chest pain and difficulty breathing, she had been
experiencing symptoms, including chest pain upon exertion,
shortness of breath, and fatigue, for the past two years. She
denied experiencing symptoms like orthopnea, paroxysmal
nocturnal dyspnea, heart palpitations, or fainting. However,
she described ongoing chest pain, which radiated to her left
arm and back over the past two years. A week earlier, she had
sought care for similar symptoms and was placed on maximal
anginal therapy, with the advice to revisit the outpatient clinic
in a week. Upon returning, she was hospitalized and scheduled
for a Coronary Angiogram (CAG).

The patient's medical background included ischemic heart dis-
ease and high blood pressure. Her medication regimen consist-
ed of atorvastatin 20mg, losartan 50mg, amlodipine 50mg, and
bisoprolol 5mg, all taken daily and last administered on the day
of her hospitalization. Apart from a depressive disorder, her
past medical history was unremarkable. Risk factors for heart
disease included her two-year battle with high blood pressure
and a family history marked by a brother with ischemic heart
disease, but no other noteworthy familial patterns or risk mark-
ers for heart disease were present. At admission, the patient
exhibited a regular heart rhythm at a pulse rate of 65 beats per
minute, blood pressure reading 163/75, normal jugular venous
pressure, significant edema, and some paleness. No additional
abnormal physical findings were noted. The ECG showed ab-
normal changes, and the final clinical diagnosis was chronic
coronary syndrome.

Initial assessment showed normal lab tests, while the echocar-
diogram showed normal ejection fraction of 55%, however she
had mild aortic regurgitation.

With the patient's agreement, she was transferred to the cath-
eterization laboratory for CAG on the same day. Local anesthe-
sia was achieved with 2% lidocaine. A 6french sheath provided
access to the right femoral artery, and specific catheters were
employed to assess the left main and right coronary arteries.
The angiogram highlighted a two-vessel disease with non-
critical narrowing at the beginning and significant stenosis in
the middle portion of the left anterior descending artery, and
significant stenosis of the right coronary artery which was non-

dominant 1n this patient. We suggested the patient undergoes a
coronary angioplasty.

The angioplasty commenced under sterile conditions, with pre-
operative administration of Aspirin + clopidogrel 300mg and
heparin 81U. Guiding catheters were inserted into both the left
main and right coronary arteries. A 2.25X26 resolute integri-
ty stent was implanted in the left anterior descending artery.
Plain Old Balloon Angioplasty (POBA) was performed on the
non-dominant right coronary artery (RCA). In the case of the
Left Anterior Descending artery (LAD), a stent was initially
placed but did not inflate properly. Efforts to post-dilate the
stent were made in an attempt to ensure proper deployment.
Unfortunately, during these attempts, the LAD was perforated
by the stent. This incident resulted in an Ellis type III perfo-
ration of the LAD artery, visible in the CAG images, which
subsequently led to cardiac tamponade and arrest. The patient
was stabilized with inotropes and intubation. Hemodynamic
stability was maintained while the team managed the perfora-
tion by repeatedly inflating and deflating a balloon, awaiting
a cover stent. Resuscitation efforts quickly commenced as the
patient's oxygen levels and blood pressure dropped. Mechani-
cal ventilation and vasopressin were initiated to manage the
critically low blood pressure. A successful pericardiocentesis
alleviated the tamponade, and reinfusion of blood addressed
the ongoing blood loss.

In an ideal situation, a PTFE-coated stent would be used to seal
an Ellis type III perforation [3], but due to resource limitations,
common in lower-income regions like Afghanistan, the hos-
pital did not have this stent available. The required stent was
requested from another institution. In the interim, to control
bleeding and maintain blood flow, a balloon was repeatedly
inflated and deflated until the stent's arrival. This temporary
measure succeeded in stabilizing the patient's condition. Upon
the delivery of the specialized stent, it was successfully placed
in the artery, restoring optimal blood flow. This case exempli-
fies a remarkable achievement in interventional cardiology,
particularly under the constraints of limited resources. The suc-
cessful completion of such a procedure, in a setting highlights
the dedication and expertise of the medical team involved. This
case serves as a testament, to the resilience and resourcefulness
of healthcare professionals when dealing with adversity dem-
onstrating practice under challenging circumstances.

A, LAD Perforation

B. Cardiac Tamponade

C., PTFE Coated Cover Stent

Figure 1: Visual Explanation: Managing Coronary Artery Perforation during Percutaneous Intervention. Part 14 of
the figure captures the moment a stent accidentally punctures the left anterior descending artery which led to an ELIS
Type I perforation. Part 1B details the subsequent development of cardiac tamponade, characterized by the accumu-
lation of blood within the pericardial sac. Finally, part 1C illustrates the use of a PTFE-coated stent to effectively seal

the perforation.
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The patient regained consciousness, and her blood pressure
normalized. She remained in a semi-conscious state, necessi-
tating sedation and prolonged mechanical breathing support.
An immediate echocardiogram indicated no significant peri-
cardial fluid buildup. The patient was then moved to the criti-
cal care unit and remained on ventilator support until she was
stable. After two days, she was gradually taken off ventilator
support and vasopressor medications. She left the hospital 74
hours later in a stable state, with a prescription for a combina-
tion of cardiovascular, antimicrobial, and supplemental medi-
cations.

A three-day post-discharge check-up included an echocardio-
gram, which confirmed her heart's pumping ability was with-
in the expected range. The follow-up assessment indicated a
satisfactory recovery. Remarkably, the echocardiogram also
showed that the Ejection Fraction (EF) was completely re-
stored in this patient, which is an excellent outcome.

Discussion

Causative factors: Pathophysiology & Etiology

The origin of CAP is accidental during medical intervention,
with numerous elements contributing to the risk of perforation
during PCI. The likelihood of CAP correlates with the severity
of coronary artery disease [4].

Factors frequently contributing to the risk of CAP during PCI
include being female, having had previous coronary artery by-
pass grafting (CABG), chronic kidney disease, advanced age,
acute coronary syndrome, high blood pressure, diabetes, and
dyslipidemia, as well as diseases of the left main artery and
left anterior descending artery [5,6,8,10]. High rates of CAP
have also been observed in the right coronary artery [2,7].
Anatomical risk factors include complex coronary lesions (as
classified by ACC/AHA Type B2, C), chronic total occlusions
(CTO), significantly calcified lesions, lesions that are angled or
twisted, and naturally narrow coronary arteries [2,3,5,10]. The
usage of hydrophilic-coated guide wires, larger-than-necessary
balloons and stents, as well as high-pressure balloon infla-
tions, have been implicated in a higher occurrence rate of CAP
[3,9,10].

Given that CAP is an unwanted surgical event, the choices
made regarding the surgical approach and its execution are
highly influential on the patient's outcome. Perforation can oc-
cur through several mechanisms such as exiting of the guide-
wire, advancement of microcatheters, inflating balloons, or-
bital atherectomy, rotational atherectomy, and during stenting,
with guidewire exit, balloon inflation, and stenting cited as the
most common causes of perforation, particularly the exit of the
guidewire [1,2,4,5,7,10].

Complications

Pericardial effusion and lowered blood pressure are frequent
complications arising from coronary artery perforations [5].
Other serious outcomes can include sudden cardiac arrest,
ventricular fibrillation, cerebrovascular accidents, major vessel
closure, tamponade, various arrhythmias, heart attacks, cardio-
genic shock, and, in the most severe scenarios, fatality [1-3,8].

Additionally, stent thrombosis has emerged as a complication
in cases where CAP was managed with coated stents. While
the literature is sparse on this topic, evidence suggests throm-
bosis could occur in approximately 8.6% of patients within

three years of the procedure. The incidence of acute stent
thrombosis seems to be higher in patients treated with covered
stents compared to those who underwent alternative treatments
[2]. To mitigate the risk of delayed endothelium recovery and
thrombus development, extended treatment with dual anti-
platelet medication is recommended [10].

An analysis by Hendry et al. identified that the insertion of a
pericardial drain and the urgency of procedures were linked
most strongly to mortality following perforation. Notably,
deaths did not occur directly from continued bleeding due to an
unfixed perforation; the more common cause was cardiogenic
shock prompted by sudden blockage of the involved vessel [5].

Classification

Coronary artery perforation (CAP) is stratified by both its posi-
tion within the coronary system and the extent of injury [1].
The categorization scheme introduced by Ellis and colleagues
in 1994 remains the benchmark for assessing the severity of
CAP.

The classification, based on the findings from coronary angiog-
raphy, distinguishes the following types [8]:

Type I - Identified by an extraluminal depression without any
leakage of contrast material.

Type II - Characterized by the presence of staining within the
myocardium or pericardium, which does not include any rup-
ture that is Imm or more in diameter.

Type III - A clear rupture at least Imm in diameter, accompa-
nied by the outflow of contrast agent.

Type HI-CS - A Type 111 rupture with the added feature of con-
trast flowing directly into a cardiac chamber or the coronary
sinus [3].

Diagnostics

Coronary Artery Perforations (CAPs) are typically identified
through real-time coronary angiography during percutane-
ous coronary intervention (PCI) [3,9]. However, less obvious
CAPs may be overlooked, making it crucial to consider this
diagnosis in patients who suddenly experience shortness of
breath, low blood pressure, unaccountable rapid heartbeat, or
recurrent or sustained chest pain after PCI [3,9].

In patients exhibiting these symptoms, which suggest hemo-
dynamic instability, and particularly in those with confirmed
or suspected pericardial effusion, serial echocardiography be-
comes an essential diagnostic tool to track any changes [7, 9].
Clinical suspicion of myocardial perforation and the resulting
accumulation of fluid should be high during catheterization, es-
pecially if the patient reports chest discomfort or related symp-
toms [11]. Given the life-threatening nature of cardiac tampon-
ade, transthoracic echocardiography is advised without delay
when tamponade is suspected [10, 11]. Prompt recognition of
pericardial effusion and tamponade is crucial for improving pa-
tient survival and outcomes.

Modalities of Management

The objective in treating Coronary Artery Perforation (CAP)
centers on swiftly stabilizing the patient's hemodynamics and
sealing the site of the perforation to restore optimal blood flow,
aiming for a TIMI grade 3 result [3,5]. For Ellis type I and
I CAPs, treatment is often conservative, primarily using pro-
longed balloon inflation [2,4]. However, the treatment for Type
III perforations, particularly those involving smaller distal ves-
sels, demands a more individualized strategy [1].
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Currently, there 1s no consensus on a standardized treatment
protocol for CAP, making the management dependent on the
immediacy of the patient's condition and the available thera-
peutic options.

Central to the treatment is the stabilization of blood circulation
and managing any low blood pressure. A range of interventions
are available for this purpose, including:

- Administration of intravenous fluids and vasopressors, and
support from circulatory assistance devices like intra-aortic
balloon pumps [3,12].

- Temporary suspension of platelet aggregation inhibitors and
anticoagulants, optimally post equipment removal to minimize
the risk of blood vessel clotting [1].

- Infusion of protamine to reverse anticoagulation, although its
use has become more selective due to potential exacerbation of
coronary clots [5,7].

- Platelet transfusions, particularly if glycoprotein IIb/Illa in-
hibitors have been used [3,4,10].

- Proximal balloon inflation at a low pressure, initiated right
after a perforation is detected in the angiography. This process,
which positions the balloon at the perforation site and inflates
it for a minimum of 10 minutes, aims to curb blood loss and
provide time to evaluate the severity. If needed, inflation can
be repeated every 5 to 10 minutes until the perforation closes
or ischemia sets in [1-4,9,10,12].

For Ellis type III perforations, specific measures are adopted:

- Covered stents, often PTFE-coated, to seal the perforation
and prevent blood leakage, are typically used for larger proxi-
mal effusions or damage caused by aggressive intervention
methods [3,4]. Although effective, challenges in delivery due
to size and compatibility issues with guide catheters have been
noted [5].

- Metallic coils delivered through guide wires or microcath-
eters, which capitalize on their thrombogenic properties to
seal perforations, are frequently used for smaller distal vessels
[3.4].

- Microspheres that are hydrophilic and non-absorbable, de-
livered precisely to the perforation site via microcatheters, are
another approach for smaller distal perforations [3,4].

- Autologous blood clots and fat embolization, leveraging their
universal availability and compatibility with the body, create a
physical barrier against blood loss and are often used in small-
er, distal perforations [3,4,7,9,10].

- Thrombin injections, serving as potent activators for plate-
lets, aid in forming fibrin clots and are applied in smaller, distal
perforations [4,7,9,10].

- Surgical repair, a last resort when less invasive methods are
inadequate or have failed, or when pericardiocentesis does not
relieve the condition. Surgical options may include suturing
the vessel or performing coronary bypass grafting [3,10].

Urgent pericardiocentesis is essential when tamponade, a seri-
ous complication of CAP, occurs. Rapid intervention to evac-
uate the pericardial effusion can be lifesaving [3,4,12]. This
procedure, coupled with supportive measures like intravenous
fluid therapy and inotropic agents, should be initiated as soon
as hemodynamic instability is detected [5]. Reinfusing the as-
pirated pericardial blood can improve the outcome and poten-
tially reduce the need for blood transfusion [12]. Even with
the presence of covered stents, pericardiocentesis may still be
necessary, underscoring the critical need for early detection of
tamponade for patient survival [4].

PTognosis

The prognosis following a coronary artery perforation (CAP)
greatly depends on the perforation's classification according
to the Ellis scale. Additional factors, such as the occurrence
of major arterial blockage and complications with covered
stents, like thrombosis, are also critical in forecasting patient
outcomes [2].

Patients with Type I perforations usually have a favorable prog-
nosis. These cases often resolve without intervention or result
in mild pseudoaneurysm formation [5]. Type II perforations
may self-correct as well, though they carry a higher potential
for developing pseudoaneurysms and progressing to more se-
rious conditions such as tamponade. The mortality associated
with Ellis class I and II perforations stand at an average of 0%
and 1.7% respectively [2].

On the other hand, Type III perforations—which can occur
due to the use of balloons, stents, or other intracoronary instru-
ments—frequently cause tamponade that demands pericardial
drainage [3,10]. These cases are linked with a marked increase
in mortality and often require emergent coronary artery bypass
graft surgery to rectify the issue [3-5,12,14]. Reports cite a pro-
cedural mortality rate that ranges from 14.8% to 21% [5,7].

Conclusion

In conclusion, this case exemplifies the critical challenges and
innovative solutions necessary in managing complex coronary
interventions like Coronary Artery Perforation (CAP) under
resource-limited conditions. The successful use of prolonged
manual balloon inflation and deflation to stabilize an Ellis class
3 perforation in the LAD artery demonstrates an effective in-
terim measure while awaiting the covered stent. This approach
highlights the importance of adaptability and resourcefulness
in acute cardiac emergencies. Overall, this report contributes
to the broader dialogue on optimizing CAP management strat-
egies in varied healthcare environments, encouraging ongoing
innovation in the field of interventional cardiology
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