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EDITORIAL

Interventional Cardiology: A Field of Continuous Transformation

® ismail Dogu Kilig

Department of Cardiology, Pamukkale University Faculty of Medicine, Denizli, Tirkiye

INTRODUCTION

Interventional cardiology (IC) continues to evolve rapidly—marked by
relentless innovation, continuous adaptation, and a commitment to
advancing the boundaries of patient care. In the coronary field, recent
years have seen remarkable progress, particularly in lesion preparation
and modification techniques, enabling the management of increasingly
complex coronary pathology. Intravascular imaging modalities are
now more widely available, offering higher resolution and improved
usability across multiple platforms. Concurrently, advancements
in plaque characterization are ongoing. With the refinement of
microcatheters, guidewires, and adjunctive technologies—and
perhaps most notably, the growing global expertise in chronic total
occlusion recanalization—more operators are successfully treating
occlusions that were previously deemed intractable. Drug-coated
balloons exemplify this spirit of innovation. Originally validated in the
treatment of in-stent restenosis, Drug-coated balloons offer a stent-
free therapeutic option. More recently, their promising application
in de novo coronary lesions' has opened new avenues, potentially
signaling a paradigm shift in coronary intervention strategy.

The structural heart disease domain is experiencing a parallel
transformation. Transcatheter aortic valve replacement, once limited
to patients deemed high-risk or inoperable, has now touched the
lives of many. A growing body of evidence supports its expanding
use in patients at lower surgical risk.>* Transcatheter edge-to-edge
repair for mitral and tricuspid regurgitation is becoming increasingly
commonplace. Importantly, these advances represent just a fraction
of ongoing innovation. Despite that the existing devices continue
to undergo refinement, novel technologies targeting the mitral,
tricuspid, and pulmonary valves are progressing through preclinical
development and early clinical trials.*

However, innovation in IC extends beyond catheters and valves. As in
all facets of medicine—and indeed, daily life—digital technologies
and artificial intelligence (Al) are increasingly being integrated into

our field. These tools are beginning to transform imaging, diagnostics,
and clinical decision-making.> Al-powered platforms now assist in
procedural planning, whereas machine learning algorithms analyze
intracoronary imaging and physiological data to offer real-time
procedural guidance. Simulators enhanced by Al are improving IC
training and education. Together, these advancements hold immense
potential to improve procedural precision, efficiency, and ultimately,
patient outcomes.>” We now stand at the threshold of an era in which
Al could aid in predicting procedural success, optimizing device
selection, and personalizing care. Nonetheless, the promise of Al
also brings new challenges. A recent study revealed that although
interventional cardiologists generally have a positive outlook on Al,
many feel underprepared to incorporate it into their practice. Only
a small fraction currently use it in daily clinical workflows.® This
indicates that acquiring Al competency may soon become an essential
part of our professional skillset—akin to learning new interventional
techniques or devices. Notably, some Al systems have already
demonstrated the ability to pass IC exams. Although they still perform
below IC fellows—particularly on questions requiring interpretation
or nuanced clinical reasoning—their ability to generate sophisticated
responses is remarkable.” In a field defined by rapid change, it would
be shortsighted to underestimate the transformative potential of Al.
Crucially, Al is not here to replace clinicians, but to augment their
capabilities. The future likely lies in human—Al collaboration rather
than competition.”” However, when that future arrives—which may
be sooner than anticipated—it will demand that we lead with the
irreplaceable human elements of care: empathy, clinical intuition, and
the doctor—patient relationship. These humanistic aspects will remain
essential to delivering high-quality, patient-centered care.'? At the same
time, the introduction of Al raises important ethical and regulatory
considerations. Issues of data privacy, algorithmic bias, responsibility
for Al-supported decisions, and the need for rigorous and transparent
validation frameworks are pressing.™" These concerns will continue to
shape discussions around the safe and effective implementation of Al
in cardiovascular medicine.
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In conclusion, the dynamic evolution of IC is both exhilarating and
challenging. While we navigate the influx of novel devices, techniques,
and digital tools, we must also address the complex questions they
raise. This dual reality underscores the importance of lifelong learning,
multidisciplinary collaboration, and ethical foresight. As the field
continues to transform, our most valuable asset will be our willingness
to evolve-to lead with responsibility, to embrace innovation with
discernment, and to help shape the future of patient care.
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Left Ventricular Pseudoaneurysm Formation in the Context of Acute
Myocardial Infarction: A Perspective Review of the Mechanistic and
Clinical Implications

© Kenan Yalta, ® Ugur Ozkan, @ Nilay Solak, @ Emirhan Gakir, @ Gizem Ayyildiz, @ Fatih Kardas, @ Murat Gok

Department of Cardiology, Trakya University Faculty of Medicine, Edirne, Tiirkiye

ABSTRACT

Background: Coronary slow flow (CSF) is a frequently observed angiographic and clinical condition linked to various complications, including stable and
unstableangina pectoris, acute coronary syndromes, hypertension, and potentially fatal arrhythmias. Semaphorin 4D (Sema4D), a recently identified type 1
transmembrane glycoprotein, has been implicated in processes such as inflammation, oxidative stress, atherosclerosis, and angiogenesis. Elevated Sema4D levels
have been documented in individuals with atrial fibrillation, acute coronary syndrome, and heart failure.

Aim: This study aimed to assess the association between Sema4D levels and both the presence and severity of CSF.

Study Design: Cross-sectional observational study.

Methods: The study comprised 79 patients diagnosed with CSF and 81 healthy control subjects. Serum levels of Sema4D were measured, and coronary flow was
assessed using the thrombolysis in myocardial infarction frame count (TFC) method.

Results: Sema4D concentrations were significantly higher in the CSF group compared to the control group (p<0.001). Notably, Serum4D levels showed a positive
correlation with high-sensitivity C-reactive protein (r=073, p<0.001), mean TFC (r=088, p<0.001), and the neutrophil-to-lymphocyte ratio (r=0.37, p<0.001).

Conclusion: Sema4D may serve as a biomarker associated with CSF and could aid in identifying patients with CSF-related unstable angina.

Keywords: Acute myocardial infarction, intramyocardial hemorrhage, left ventricular pseudoaneurysm, myocardial rupture, percutaneous closure

INTRODUCTION

Left ventricular pseudoaneurysm (LV-PSA) formation in the context
of acute myocardial infarction (AMI) has been regarded as a rare but
potentially fatal entity, particularly in cases of a missed diagnosis."?
Structurally, this form of LV-PSA has been attributed to a subtle
myocardial rupture, usually in the posterobasal (or inferior) segment,
which leads to the evolution of a blood-containing pericardial sac with
a narrow neck.? In this perspective paper, we attempted to underscore
certain aspects of LV-PSA in the context of AMI, as detailed below:

First, LV-PSAs can exhibit atypical presentation patterns, challenging
conventional diagnostic expectations. As such, cardiologists must
remain open-minded, avoiding preconceived notions or stereotypical
assumptions about this potentially fatal condition. Awareness of
unusual clinical manifestations is essential in real-world practice.'
LV-PSAs may occur in atypical locations, including the apex, may
appear exceptionally large, and critically, may lead to unexpected
complications, such as stroke.’

Second, LV-PSA, mechanistically, may be regarded as a form of free
wall rupture in patients with AMI. Therefore, the potential mechanisms
and temporal characteristics of myocardial rupture should be
considered in the categorization of various scenarios in these patients.
Free wall rupture in the post-AMI setting is a highly fatal complication,
possibly presenting with one of the following clinical scenarios, largely
depending on the severity of the rupture (Figure 1):

1. Cardiac arrest (due to the complete drainage of intraventricular
blood into the thoracic cavity),?

2. Pericardial effusion (without or with tamponade)
3. LV-PSA?

Temporally, free wall rupture mostly commonly occurs in the
subacute phase of AMI, typically resulting from progressive erosion
of the infarcted segment (called histopathological type-2 myocardial
rupture). In rare cases, it may present acutely within the first 24 h of
AMI, particularly in patients with intramyocardial hemorrhage (IMH)
(called histopathological type-1 myocardial rupture). Even more
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rarely, free wall rupture can complicate a pre-existing true aneurysm
in the post-recovery phase, corresponding to histopathological type-3
myocardial rupture.>* Among these, type-1 rupture is more frequently
associated with cardiac tamponade and sudden cardiac arrest, whereas
LV-PSAs typically develop as a sequel of type-2 myocardial rupture.**
An overview of the histopathological types of myocardial free wall
rupture in the context of AMI is presented in Table 1.

Third, LV-PSAs, in addition to the classical symptoms, including
dyspnea and angina, may present with atypical symptoms, such as
persistent cough, hiccup (due to diaphragmatic irritation), dysphagia,
and dizziness (possibly due to enhanced Bezold-Jarish reflex).? These
symptoms may be more likely in the setting of huge aneurysms and
should therefore alert the clinician to fully explore the potential of LV-
PSA in the post-AMI setting.

Fourth, as mentioned earlier, certain LV-PSA patterns' may surprisingly
emerge in the acute phase of AMI (possibly due to a type-1 rupture),
potentially highlighting their interesting temporal features along
with the potential role of IMH in their evolution.? Several risk factors
have been associated with the occurrence of IMH, including delayed
myocardial reperfusion [with percutaneous coronary intervention (PCl)
or thrombolysis], elevated glucose levels at the time of admission,
smoking, and anterior AMI.> In this context, every effort should be made
to prevent and/or manage the risk factors for IMH evolution (if any).>
Particularly, early reperfusion with PCl and a strict control of blood
glucose level should be given critical importance in the prevention of

Free wall rupture
during AMI

/
Y/

Pericardial effusion
(with or without
tamponade)

Figure 1. Clinical scenarios in the setting of AMI-related free wall rupture
AMI: Acute myocardial infarction, LV-PSA: Left ventricular pseudoaneurysm

Table 1. Histopathological types of free wall rupture in the setting
of AMI#*

Free wall rupture (due to an intramural hematoma) arising

Type-1 within the first 24 hours of AMI

Tvpe-2 Free wall rupture (due to the erosion of the infarct tissue)
P arising during the subacute stage of AMI

Type-3 Free wall rupture (secondary to the erosion of a left

ventricular true aneurysm) arising in the late stage of AMI

AMI: Acute myocardial infarction

Inter Cardio Pers 2025;1(2):40-43

IMH.> Importantly, late-stage thrombolytic therapy should be avoided,
as it significantly increases the risk of IMH.2 Early LV-PSAs resulting
from IMH may manifest with a secondary rise in troponin levels, either
due to the rupture itself? or, more rarely, due to a coronary or cerebral
embolism®® originating from LV-PSA thrombus, or a combination of
these mechanisms.

Fifth, advanced diagnostic tests, including cardiac magnetic resonance
imaging (MRI) and computed tomography (CT), have proved useful in
several cardiovascular disorders, particularly in challenging cases.®'
Similarly, cardiac MRI and CT might uncover further aspects of LV-PSA
and the accompanying signs, such as IMH and absolute differentiation
from true aneurysms or rare variants, including pseudo-pseudo
aneurysms, thereby conferring higher diagnostic sensitivity and
specificity relative to echocardiogram.2''* Therefore, we strongly
advocate that any AMI patient with echocardiographic findings highly
suggestive of an LV-PSA should undergo further evaluation with cardiac
MRI or CT for definitive characterization.

Sixth, surgical excision has been considered as a routine management
strategy of LV-PSAs owing to the extremely high risk of secondary late
rupture (and sudden death) with medical therapy alone.?™ On the other
hand, although surgical excision has been the primary management
strategy in such cases, successful percutaneous closure has been
previously reported in select patients using a variety of devices such
as Amplatzer occluder, vascular plugs, and coil embolization."" In
this context, percutaneous closure has been mostly recommended in
patients at a high surgical risk." However, patient eligibility (such as
anatomical factors) for percutaneous closure has been the fundamental
factor in this context. Although percutaneous closure has been
considered relatively safe compared to surgery, certain complications
may arise. A systematic review of published cases (involving the
analysis of outcomes for 71 patients) reported a complication rate
of 9.9% following percutaneous closure (the reported complications
included coil loss, residual leak, neurological deficits, and mechanical
compression, all of which could be managed successfully).™* On follow-
up, a mortality rate of 8.5% was determined, largely attributable to
diverse clinical conditions.™ Interestingly, conservative management
was previously reported in the context of high-risk features for radical
management strategies.'*'® The general recommendations and pitfalls
regarding the management of LV-PSAs'*"” are summarized in Table
2. Notably, LV-PSAs, in addition to being encountered in the post-AMI
setting, may arise as a complication of cardiac surgery, chest trauma,
or infections." However, the management strategies of LV-PSAs are
generally similar in such conditions.™

Finally, every effort should be made to prevent aneurysm rupture until
definitive management can be implemented. It is well established that
areas of micro- or macro-bleeding increase tissue fragility, thereby
highlighting the risk of rupture, particularly in vulnerable conditions
such as aortic dissection. This vulnerability may similarly apply to the
setting of LV-PSAs. In the post-AMI setting, patients are often on heparin
therapy for various clinical indications. However, the use of protamine
for rapid heparin reversal following the diagnosis of an LV-PSA
remains controversial. While protamine is routinely employed during
interventional procedures, such as in cases of coronary perforation
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Table 2. General recommendations and pitfalls regarding the
management of LV-PSAs™®

Further evaluation of LV-PSA and co-existing complications (including
aneurysmal thrombus formation) through advanced imaging
modalities (CT, MRI, TEE, three-dimensional echocardiogram, etc.).

Consider surgery as the first-line management strategy in all cases
(particularly in the setting of urgent or emergent clinical presentation).

Consider percutaneous intervention in surgically high-risk patients or
previous sternotomy with suitable LV-PSA anatomical features [narrow
neck (mostly <10-12 mm), absence of cavitary thrombus].

Consider using occluder devices and vascular plugs in moderate-to-large
aneurysms and coil embolization in small to moderate aneurysms. Avoid
using occluder devices at sites where impingement on other cardiac
structures (including bioprosthetic valves, coronary arteries, etc.) seems
likely.

Percutaneous intervention may be performed through antegrade
(through major veins, transapical or direct puncture of the chest

wall and aneurysm) or retrograde (through major arteries) routes,
largely depending on the aneurysm location, technical feasibility, and
operator experience.

Consider oversizing the VSD occluder device by 5-6 mm (relative to the
aneurysmal neck diameter) due to potential enlargement in the neck
diameter, hypermobility, etc. In general, a cut-off oversizing value of 3.3
mm or an oversizing ratio of 1.6 is highly recommended for occluder
devices.

Following the deployment of occluder devices, the partial persistence
of unidirectional flow from the LV cavity to the LV-PSA cavity may result
in a progressive increase in the aneurysm diameter, potentially leading
to late rupture. During the intervention, this should be tested and
avoided, if possible, before the device is released.

Re-evaluate anatomical and clinical features in case of failed percutaneous
closure. Consider reintervention or surgery accordingly.

Consider conservative management in select cases with extremely
high surgical risk and unsuitable anatomical features, particularly
in the presence of small to moderate (<30 mm) and asymptomatic
aneurysms.

LV-PSA: Left ventricular pseudoaneurysm, CT: Computed tomography, MRI:
Magnetic resonance imaging, TEE: Transesophageal echocardiogram, VSD:
Ventricular septal defect, LV: Left ventricle

or access site hemostasis.” However, its use has been associated
with serious thrombotic complications, including stent thrombosis,
intrapericardial thrombus formation (which can hinder pericardial
drainage), and peripheral ischemic events.” In cases of established LV-
PSA, many clinicians choose to discontinue anticoagulation, primarily
out of concern for secondary aneurysm rupture.’® Nevertheless, long-
term anticoagulation has been reported as a relatively safe option in
conservatively managed, late-onset LV-PSAs.'® Conversely, withholding
anticoagulation may predispose to thrombus formation within the
aneurysmalsac,®potentially leadingto life-threateningembolic events.
Based on the limited literature available and our expert opinion, we
recommend that protamine use for rapid heparin reversal, along with
the discontinuation of anticoagulation may be the preferred strategy
just before the emergent or urgent surgical management of high-risk
LV-PSAs (extremely huge ones or those leading to severe symptoms or
hemodynamic compromise, etc.) to avoid postsurgical hemorrhagic
complications. In the context of planned elective interventions
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(surgical or percutaneous) for lenient LV-PSAs, withholding protamine
and the continuation of anticoagulation until the day of intervention
may be the preferred strategy for the prevention of thromboembolic
complications. However, in rare instances where LV-PSA is diagnosed
within the first 24 h of an AMI admission (and hence, LV-PSA might
be potentially attributable to a type-1 rupture due to an IMH),
protamine administration and the discontinuation of anticoagulation
(in an attempt to mitigate IMH propagation and secondary aneurysm
rupture) may be the preferred strategy, irrespective of the existing LV-
PSA features.

CONCLUSION

In summary, LV-PSAs following AMI may present with atypical
features in terms of their location (involvement of segments other
than the posterobasal segment), temporal evolution (emergence in
the very early or late phase), and morphological characteristics (for
instance, presentation with a relatively broad neck mimicking a true
aneurysm)."? Advanced imaging modalities may thus be necessary to
avoid a missed or delayed diagnosis of LV-PSAs,>""3 particularly in the
setting of atypical presentation patterns. Therefore, a high index of
suspicion is thus critical for the timely recognition and management
of this potentially fatal complication.? Protamine use and continuation
or discontinuation of anticoagulant therapy should be tailored in
accordance with the clinical features and management type in this
context.” Finally, although surgery has been the preferred strategy
for the management of LV-PSAs, percutaneous closure may also be
considered in select cases based on previous reports suggesting high
procedural success.'"®
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ABSTRACT

Background: Coronary slow flow (CSF) is a frequently observed angiographic and clinical condition linked to various complications, including stable and
unstableangina pectoris, acute coronary syndromes, hypertension, and potentially fatal arrhythmias. Semaphorin 4D (Sema4D), a recently identified type 1
transmembrane glycoprotein, has been implicated in processes such as inflammation, oxidative stress, atherosclerosis, and angiogenesis. Elevated Sema4D levels

have been documented in individuals with atrial fibrillation, acute coronary syndrome, and heart failure.

Aim: This study aimed to assess the association between Sema4D levels and both the presence and severity of CSF.

Study Design: Cross-sectional observational study.

Methods: The study comprised 79 patients diagnosed with CSF and 81 healthy control subjects. Serum levels of Sema4D were measured, and coronary flow was
assessed using the thrombolysis in myocardial infarction frame count (TFC) method.

Results: Sema4D concentrations were significantly higher in the CSF group compared to the control group (p<0.001). Notably, Serum4D levels showed a positive
correlation with high-sensitivity C-reactive protein (r=073, p<0.001), mean TFC (r=088, p<0.001), and the neutrophil-to-lymphocyte ratio (r=0.37, p<0.001).

Conclusion: Sema4D may serve as a biomarker associated with CSF and could aid in identifying patients with CSF-related unstable angina.

Keywords: Semaphorin 4D, coronary slow flow, inflammation, biomarker, TIMI frame count

INTRODUCTION

Coronary slow flow (CSF), a commonly observed angiographic and
clinical finding, is characterized by delayed forward movement of
contrast medium to the distal segments of a specific coronary artery
during coronary angiography, in the absence of obstructive coronary
artery disease, coronary vasospasm, acute myocardial infarction,
coronary ectasia, connective tissue disorders, coronary embolism,
heart failure, or myocardial and valvular disease. The incidence of
CSF varies widely, ranging from 1% to 7% of all coronary angiographic
procedures.’ CSF can present with a variety of clinically significant
manifestations and complications, including acute coronary
syndromes, stable and unstable angina pectoris, hypertension,
and potentially fatal arrhythmias, such as sudden cardiac death.™
Although the primary risk factors and underlying pathophysiological
mechanisms of CSF remain unclear, several contributing processes
have been proposed, including small-vessel disease, endothelial
dysfunction, marked inflammation, subclinical atherosclerosis, and
abnormal flow patterns in the epicardial coronary arteries.>

Semaphorin 4D (Sema4D), also known as CD100, belongs to the class 4
semaphorin family. It is a type 1 transmembrane glycoprotein with a
molecular weight of 150 kDa. Sema4D is broadly expressed by various
cell types, including endothelial cells, platelets, B and T lymphocytes,
monocytes, and neutrophils. Its primary receptors are Plexin-B1 and
CD72."%" Sema4D has been identified as a key pathophysiological factor
involved in numerous biological processes such as chronicinflammation,
immune system development and maturation, atherosclerosis,
angiogenesis, osteogenesis, neurogenesis, and tumor formation and
progression.’>" Elevated Sema4D levels have been observed in patients
with heart failure and chronic atrial fibrillation (AF) when compared
with healthy individuals. These findings suggest that Sema4D may play
a significant role in the onset and progression of these conditions.™
Moreover, a study by Xiang et al.'”” demonstrated a significant and
independent positive association between Sema4D levels and left atrial
diameter in chronic AF. Additionally, Can et al." reported that Sema4D
may serve as a potential marker for predicting recurrence in patients
with paroxysmal AF (PAF) who have undergone catheter ablation.
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Asthere are no existing studies in the literature examining the association
between Sema4D and CSF, this study was undertaken to address that
gap. It also represents the first attempt to clarify the role of Sema4D in
the pathogenesis of CSF. Furthermore, the study aimed to explore the
relationship between Sema4D and established inflammatory markers in
the context of stable angina pectoris.

METHODS

Study Population

This study was designed as a cross-sectional observational investigation.
A total of 1,762 consecutive patients who underwent coronary
angiography between November 2019 and May 2021 at a high-volume
training and research hospital were considered for inclusion. These
procedures were performed due to symptoms, clinical and physical
examination findings, or evidence of myocardial ischemia identified
through exercise stress testing or noninvasive imaging modalities such
as myocardial perfusion scintigraphy or stress echocardiography. Based
on coronary angiography findings, the study population was divided
into two groups. The patient group included 79 consecutive individuals
with angiographically confirmed normal coronary artery anatomy
who exhibited slow coronary flow in the absence of atherosclerotic
coronary artery disease. The control group consisted of 81 randomly
selected subjects who had undergone coronary angiography and were
found to have both anatomically normal coronary arteries and normal
coronary flow, including appropriate myocardial blush and clearance.
The control group selection was performed independently by three
experienced invasive cardiologists who were blinded to the purpose
of the study.

Patients in both study groups presented with typical chest pain or
angina-equivalent symptoms and had positive findings on either
an exercise stress test or noninvasive imaging modalities, including
myocardial perfusion imaging, stress echocardiography, or coronary
computed tomographic angiography. Demographic, clinical, and
laboratory data for all participants were documented by cardiologists
at the time of cardiac catheterization. Moreover, all subjects
underwent 12-lead surface electrocardiography and two-dimensional
(2D) transthoracic echocardiography prior to the coronary angiography
procedure. Echocardiographic assessments were conducted using a
Vivid S5 system (GE Healthcare, W1, USA) equipped with a 1.7/3.4-MHz
phased-array transducer, with patients positioned in the left lateral
decubitus posture. These evaluations were performed to assess left
ventricular structure and function, including ejection fraction, and
were independently carried out by two non-invasive cardiologists who
were blinded to the study outcomes. Left ventricular ejection fraction
(LVEF) was calculated using Simpson’s biplane method of disks based
on 2D images obtained from the apical four- and two-chamber views.

Smoking was defined as regular cigarette use, either in the past
or concurrently, prior to or during the study period. Diagnoses of
hypertension, hyperlipidemia, and diabetes mellitus were made in
accordance with current relevant clinical guidelines.’?' A documented
history of these conditions and/or the sue of antihypertensive,
lipid-lowering, or antidiabetic medications, including insulin, was
considered indicative of the corresponding disease in this study. Renal
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function was assessed by calculating the glomerular filtration rate
using both plasma creatinine levels and the Cockcroft-Gault formula.™
Furthermore, height and weight were measured for all participants,
and body mass index was calculated by dividing body weight in
kilograms by the square of height in meters (kg/m>).

In this study, CSF was defined angiographically by the following
criteria: (a) absence of obstructive epicardial coronary artery disease,
(b) delayed antegrade passage of contrast medium resulting in distal
vessel opacification consistent with either thrombolysis in myocardial
infarction (TIMI)-2 flow or a corrected TIMI frame count >27 frames, and
(c) delayed distal vessel opacification in at least one epicardial coronary
artery. Participants who were using vasoactive medications before or
during the study underwent a 3-day “washout” period prior to coronary
angiography to minimize potential interference with study outcomes.

The main exclusion criteria for this study included moderate to severe
valvular heart disease, a history of chronic ischemic heart disease or
previous percutaneous coronary intervention or coronary artery bypass
grafting, acute coronary syndromes, heart failure with reduced or mid-
range ejection fraction, cardiomyopathies, congenital structural heart
disease, moderate to left ventricular hypertrophy, peripheral vascular
disease, stroke, myopericarditis, active infections, chronic obstructive
pulmonary disease, pulmonary hypertension, recent trauma or major
surgery within the past 3 months, cardiac syndrome X, acute or chronic
renal or hepatic dysfunction, pheochromocytoma, hematologic
disorders, thyroid dysfunction, acute or chronic inflammatory
diseases, malignancy, autoimmune diseases, and the use of specific
medications that may influence blood viscosity or platelet structure and
function, such as antiplatelet or anticoagulant agents, corticosteroids,
immunosuppressive drugs, and statins.

Participants were eligible for inclusion if they were between 18 and
80 years of age and capable of providing written informed consent,
which was a mandatory requirement for enroliment. The study was
conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Hali¢c University Ethics Committee
(approval no: 64, date: 30.03.2022).

Coronary Angiography Procedure

Coronary angiography was carried out by two experienced
interventional cardiologists who were blinded to the study results. The
procedure was performed via either the femoral or radial artery using
the standard Judkins technique and a monoplane cine angiography
system. Coronary images were captured at a frame rate of 30 frames
per second in both right and left oblique views, utilizing cranial and
caudal angulations. All participants received the nonionic contrast
agent iopromide (Ultravist 370, Schering AG, Berlin, Germany) during
the procedure. Coronary blood flow was quantitatively assessed
using the TIMI frame count (TFC) method by three experienced
interventional cardiologists who were blinded to the study data. The
intra- and interobserver coefficients of variation (CV) were 3.6% and
6.4%, respectively.

In this method, the number of cine frames required for the contrast
agent to reach predefined distal coronary landmarks in the left anterior
descending (LAD) artery, left circumflex (LCX) artery, and right coronary
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artery (RCA) was measured and recorded. The initial frame was defined
as the frame in which the concentrated contrast dye completely filled
the width of the proximal coronary artery lumen, touching both edges
and advancingdistally beyond that point. The final frame was identified
as the frame when the leading edge of the contrast first reached the
distal landmark. The TFC for each artery was calculated by subtracting
the initial frame from the final frame. The predefined distal landmarks
were the distal bifurcation of the LAD, commonly referred to as the
“moustache,” for the LCX, and the first branch of the posterolateral
artery for the RCA. Since the LAD is longer than the LCX and RCA, its TFC
is naturally higher; therefore, the corrected TIMI frame count (cTFC)
for the LAD was obtained by dividing its TFC by 1.7. The mean TFC for
each participant was calculated by adding the TFC values for the LAD,
LCX, and RCA and dividing the sum by three. According to a previous
study,? the standard corrected mean values for normal coronary artery
visualization were 36.2+2.6 frames for the LAD, 22.2+4.1 for the LCX,
and 20.4%3 frames for the RCA. Moreover, the corrected mean TFC
(cTFQ) for the LAD was reported as 21.1£1.5 frames.?? In the present
study, participants with a TFC exceeding the previously reported
normal range by more than two standard deviations (SD) in any of the
LAD or LCX arteries or RCA were classified as having CSF.

Experimental Method

Blood samples were collected from the antecubital veins of all
participants by venipuncture early in the morning after 12 h of fasting
and prior to the coronary angiography procedure. Samples were
collected into vacuum tubes containing ethylenediaminetetraacetic
acid as an anticoagulant. Serum was immediately separated by
centrifugation at 3,000 g for 15 min and stored at -80 °C until
analysis. Routine hematological, coagulation, and biochemical tests
were performed on the same day as blood collection. Hematological
parameters were measured usinga Coulter LH 780 Hematology Analyzer
(Beckman Coulter Ireland, Inc., Mervue, Galway, Ireland). Serum high-
sensitivity C-reactive protein (hs-CRP) was measured at admission by
enzyme-linked immunosorbent assay (ELISA) using commercial kits
(Hitachi 917 analyzer, Boehringer Mannheim, Germany). Biochemical
parameters, including fasting blood glucose and lipid profiles, were
analyzed using an Abbott Diagnostics C8000i autoanalyzer (Abbott,
Germany) with commercial reagents. Low-density lipoprotein (LDL)
cholesterol was calculated using Friedewald’s formula for samples
with triglyceride levels <400 mg/dL. The neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (MLR) were determined by dividing the absolute
counts of neutrophils, platelets, and monocytes by the absolute
lymphocyte count, respectively.

Serum Sema4D levels were measured using a commercial ELISA kit
according to the manufacturer’s instructions (intra-assay CV <8%; inter-
assay CV <10%; Nepenthe Research Technology Laboratory, Cat. No:
NE010156601, Gebze-Kocaeli, Turkiye). The assay’s sensitivity range for
Sema4D concentrations was 0.31-20 ng/mL. All samples were analyzed
in duplicate, and the mean values were used for subsequent analyses.

Statistical Analysis

The Kolmogorov-Smirnov test was applied to assess whether the
study variables followed a normal distribution. Continuous variables
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with normal distribution were expressed as mean£SD, while non-
normally distributed continuous variables were presented as medians.
Categorical variables were reported as frequencies and/or percentages
(%). Differences between the two groups were analyzed using Student’s
t-test for normally distributed continuous variables and the Mann-
Whitney U test for non-normally distributed continuous variables.
Chi-squared or Fisher’s exact tests were used for categorical variables.
Correlation analyses between variables employed either Spearman or
Pearson correlation tests, depending on the distribution of the data.
Receiver operating characteristic (ROC) curve analysis was conducted
to assess the diagnostic value of Sema4D, hs-CRP, NLR, PLR, and MLR in
distinguishing patients with CSF in any of the three coronary arteries
from those with normal coronary blood flow. Moreover, multiple
linear regression analysis was used to identify significant independent
predictors of Sema4D levels. A two-sided p value <0.05 was considered
statistically significant, with a type 1 error rate of 5%. Standardized B
coefficients and 95% confidence intervals (Cl) were reported. Statistical
analyses were performed using IBM Statistical Package for the Social
Sciences statistics for Windows, version 21.0 (Armonk, NY, USA).

RESULTS

Atotal of 160 participants were included in this study, with 79 patients
in the CSF group (53.1% male) and 81 subjects in the coronary normal
blood flow (CNF) group (40.7% male). The baseline demographic
and clinical characteristics of both groups are summarized in
Table 1. No significant differences were found between the groups
except for systolic blood pressure, hypertension, smoking history,
hyperlipidemia, family history, and antiplatelet drug use, all of
which were higher in the CSF group compared to the control group
(p<0.001). LVEF was similar between the groups (p=0.948). Serum
Sema4D levels were significantly elevated in the CSF group compared
to the CNF group (7.7840.87 vs. 4.23+0.88; p<0.001) (Figure 1).

Baseline laboratory parameters for the groups are presented in
Table 2. Levels of hs-CRP, LDL, total cholesterol, and the NLR were
significantly higher in the CSF group than in controls (p<0.001). In
contrast, lymphocyte counts were significantly lower in the CSF group
(p=0.03). Other laboratory values showed no significant differences
between the two groups (all p values >0.05).

As expected, patients with CSF showed significantly higher cTFC
values compared to those in the CNF group (Table 3). Among the CSF
patients, 56 (71.0%) exhibited slow flow in all 3 coronary vessels, 12
patients (15.1%) had slow flow in 2 vessels, and 11 patients (13.9%)
had slow flow in 1 vessel. When analyzing CSF distribution by affected
coronary artery, the RCA was the most frequently involved vessel,
affecting 48 patients (60.7%). The TFC values for the LAD, LCX, and
RCA, as well as the mean TFC, were all significantly higher in the CSF
group compared to the CNF group (all p values <0.001).

Correlation analysis was conducted to assess the relationship
between Sema4D and established inflammatory markers in patients
with CSF. Sema4D showed a significant positive correlation with the
NLR (r=0.37, p<0.001), hs-CRP (r=0.73, p<0.001), and mean TFC
(r=0.88, p<0.001) (Figure 2). Moreover, strong correlations were
found between Sema4D and the TFC for the Cx (r=0.80, p<0.001),
LAD (r=0.84, p<0.001), and RCA (r=0.88, p<0.001).
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Table 1. Baseline demographic, clinical, and laboratory features of the CSF and control groups

CSF (n=79) CNF (n=81) p value
Age, y 58.30+11.21 60.11+9.82 0.27
Gender (F/M), n 37/42 48/33 0.11
DM, n (%) 19 (24%) 14 (17%) 0.29
HT, n (%) 61 (77%) 17 (21%) <0.001
Hyperlipidemia, n (%) 41 (51%) 13 (16%) <0.001
Smoking, n (%) 58 (73%) 14 (17%) <0.001
Family history, n (%) 35 (44%) 15 (18%) <0.001
Antiplatelet, n (%) 44 (55%) 13 (16%) <0.001
Beta-blocker, n (%) 46 (58%) 54 (66%) 0.27
Calcium channel blocker, n (%) 8 (10%) 3 (3%) 0.10
ACE inhibitors/ARB, n (%) 19 (24%) 9 (11%) 0.05
SBP, mmHg 142.09+£24.6 124.38+£14.01 <0.001
DBP, mmHg 88+15.04 70.37£10.04 <0.001
LVEF, % 59.68+4.19 59.20+4.16 0.948
GFR, (mL/min/1.73 m?) 128.45+5.80 130.25£6.30 0.455
Hemoglobin, g/dL 13.91+1.69 13.91+1.69 0.13
Neutrophil, x10° 4,414£1,297 4,468+1,415 0.80
Lymphocyte, x10° 2,3951696 2,170£665 0.03
Neutrophil/lymphocyte, ratio 2.66+0.90 1.99£0.66 <0.001
Total cholesterol, mg/dL 168.58+32.72 143.74+26.51 <0.001
LDL, mg/dL 133.56+43.68 114.44£33.77 0.002
HDL, mg/dL 44.8218.06 45.69+10.81 0.56
TG, mg/dL 138.42+7.15 134£5.88 0.31
hs-CRP, mg/dL 2.62+0.36 1.60+0.32 <0.001
Semaphorin 4D, ng/mL 7.78+0.87 4.23+0.88 <0.001

Values are expressed as meanststandard deviation or number (%), as appropriate; statistically significant values are highlighted in bold.
F/M: Female/male, ACE: Angiotensin-converting enzyme, ARB: Angiotensin receptor blocker, CNF: Coronary normal flow, CSF: Coronary slow flow, DBP: Diastolic
blood pressure, DM: Diabetes mellitus, HT: Hypertension, HDL: High-density lipoprotein, hs-CRP: High-sensitivity C-reactive protein, LDL: Low-density lipoprotein,
LVEF: Left ventricular ejection fraction, TC: Total cholesterol, TG: Triglyceride, SBP: Systolic blood pressure, GFR: Glomerular filtration rate
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Figure 1. Sema4D levels in patients with the CSF and CNF
Sema4D: Semaphorin 4D, CSF: Coronary slow flow, CNF: Coronary normal flow

Multiple linear regression analysis revealed that NLR and the TFC for Cx
and RCA were significant predictors of Sema4D levels in patients with
CSF (p<0.002, p<0.027, and p<0.001, respectively; model R>=0.81,
p<0.001) (Table 4).

A ROC analysis was conducted to examine the potential of Sema4D in
predicting CSF. The areas under the curve (AUCs) were utilized to assess
the diagnostic accuracy of serum Sema4D in distinguishing patients
with CSF in at least one coronary artery from those with normal CNF
(Figure 3). The discrimination ability was very high (AUC=0.990, 95% CI:
0.98-1.00; p<0.001). Using a cut-off value of 5.79 ng/mL for Sema4D,
CSF presence could be predicted with 97.1% sensitivity and 95.4%
specificity. The negative predictive value was 95.0%, and the positive
predictive value was 97.3%.

DISCUSSION

This study showed a strong link between elevated Sema4D levels and
the presence and severity of CSF in patients undergoing coronary
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Table 2. Comparison of angiographic features between the CSF and CNF groups

CSF (n=79) CNF (n=81) p value
TFC, LCX 18.17£1.99 31.78+3.99 <0.001
TFC, RCA 17.49+1.93 33.83+4.08 <0.001
TFC, LAD (corrected) 17.81£1.81 33.324+3.92 <0.001
TFC, mean 17.82£1.15 32.98+2.64 <0.001

Values are expressed as means*standard deviation or number (%), as appropriate; statistically significant values are highlighted in bold.
CNF: Coronary normal flow, CSF: Coronary slow flow, LAD: Left anterior descending artery, LCX: Left circumflex artery, RCA: Right coronary artery, TFC: Thrombolysis

in myocardial infarction frame count

Table 3. Correlation analysis of Sema4D levels with inflammatory
and neurohormonal markers in patients with CSF

r p
Lymphocyte count 0.16 0.03*
NLR 0.27 <0.001*
TC (mg/dL) 0.28 <0.001*
LDL (mg/dL) 0.13 0.09
TG (mg/dL) 0.194 0.014%*
hs-CRP 0.73 <0.001*
TFC, LCX 0.80 <0.001*
TFC, RCA 0.88 <0.001*
TFC, LAD 0.84 <0.001*
TFC, mean 0.88 <0.001*
SBP, mmHg 0.72 0.032
DBP, mmHg 0.68 0.045
Family history 0.20 0.011**
Smoking 0.43 <0.001**
Hypertension 0.48 <0.001**
Hyperlipidemia 0.23 0.002**
Antiplatelet drug 0.33 <0.001**

*Pearson correlation coefficient, **Spearman correlation coefficient.

Correlation coefficient (r); CSF: Coronary slow flow, DBP: Diastolic blood
pressure, hs-CRP: High-sensitivity C-reactive protein, NLR: Neutrophil-to-
lymphocyte ratio; LDL: Low-density lipoprotein, TC: Total cholesterol, TFC:
Thrombolysis in myocardial infarction frame count, TG: Triglyceride, SBP:
Systolic blood pressure, Sema4D: Semaphorin 4D
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Figure 2. Correlation between serum Sema4D levels and mean TFC

Sema4D: Semaphorin 4D, TFC: Thrombolysis in myocardial infarction frame
count
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angiography for stable angina pectoris. Sema4D levels were also
significantly correlated with inflammatory and oxidative stress
markers, including hs-CRP and NLR. The degree of CSF, as measured
by the mean TFC, was significantly associated with Sema4D levels.
Additionally, Sema4D emerged as a novel and valuable biomarker in
clinical settings for patients with stable angina pectoris, demonstrating
strong diagnostic performance with high sensitivity and specificity in
distinguishing patients with CSF in at least one coronary artery from
healthy individuals.

Previousstudieshave identified smoking, hypertension, hyperlipidemia,
male gender, obesity, and metabolic syndrome as major risk factors.”
However, the precise underlying pathophysiological mechanisms and
causes of CSF remain unclear. In line with prior research, our study
found higher rates of hypertension, hyperlipidemia, and smoking in
the CSF group compared to those with normal coronary flow.

The CSF phenomenon shares risk factors similar to those of
atherosclerosis. Possible pathophysiological mechanisms involved
in the development of CSF include endothelial dysfunction, chronic
severe inflammation, oxidative stress, widespread atherosclerosis,
vasomotor dysfunction in the microvasculature, small-vessel disease,
and increased platelet count and/or activity.™ Intravascular ultrasound
studies have previously demonstrated the important roles of both
epicardial coronary artery disease and microvascular dysfunction in
the onset and progression of CSF.2 De Bruyne et al.* highlighted the
strong connection between abnormal slow flow in coronary arteries
and atherosclerotic heart disease, which results from chronic severe
inflammation, oxidative stress, free radical damage, and endothelial
dysfunction, even without angiographically visible lesions.

Endothelial injury and dysfunction caused by inflammation, oxidative
stress, and free radical damage may contribute to CSF development.™
Various  inflammatory  markers, including  paraoxonase,
malondialdehyde, erythrocyte superoxide dismutase, visfatin, hs-
CRP, NLR, and PLR, have been reported to be significantly associated
with the presence of CSF in previous studies.>?” Consistent with these
findings, our study found elevated levels of hs-CRP, interleukin-6,% and
NLR in the CSF group compared to the CNF group. Moreover, Sema4D,
identified as a novel inflammatory marker, was also shown to be
increased in patients with CSF. A significant positive correlation was
detected between Sema4D, hs-CRP, and NLR in patients with CSF.

CSF can be a significant cause of transient myocardial hypoperfusion,
abnormal results on exercise stress tests, and impaired ventricular
wall motion and function in patients with CNF who have stable
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Table 4. Multiple linear regression analysis identifying independent predictors of Sema4D levels in patients with CSF

Univariate Multivariate
OR (CI 95%) p value OR (Cl 95%) p value
NLR 0.642 (0.292-0.992) <0.001 -0.330 (-0.536-0.123) 0.002
TFC, RCA 0.200 (0.183-0.216) <0.001 0.134 (0.089-0.179) <0.001
TFC, LCX 0.211 (0.187-0.236) <0.001 0.047 (0.005-0.089) 0.027
Lymphocyte count 0.000 (0.000-0.001) 0.034
TC 0.018 (0.008-0.027) <0.001
TG 0.010 (0.002-0.018) 0.011
hs-CRP 2.354 (2.011-2.698) <0.001
Family history 1.007 (0.354-1.661) 0.003
Smoking 1.857 (1.300-2.413) <0.001
Hypertension 2.060 (1.526-2.594) <0.001
Hyperlipidemia 1.189 (0.550-1.827) <0.001
Antiplatelet drug 1.478 (0.870-2.086) <0.001
TFC, mean 0.222 (0.203-0.241) <0.001
TFC, LAD 0.200 (0.180-0.220) <0.001

Statistically significant values are highlighted in bold. Adjusted R? 0.81; p value <0.001.
CSF: Coronary slow flow, hs-CRP: High-sensitivity C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio, LDL: Low-density lipoprotein, TC: Total cholesterol, TFC:
Thrombolysis in myocardial infarction frame count, TG: Triglyceride, SBP: Systolic blood pressure, CI: Confidence interval, OR: Odds ratio
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Figure 3. Receiver operating characteristic curve analysis to distinguish
patients with CSF from those with CNF

CSF: Coronary slow flow, CNF: Coronary normal flow, ROC: Receiver operating
characteristic

angina pectoris that is resistant to optimal medical treatment.’? It
may also contribute to various major adverse cardiovascular events
(MACE), including stable angina pectoris, acute coronary syndromes,
life-threatening arrhythmias, and sudden cardiac death.™
Although the prognostic importance of CSF has been examined in
multiple studies, the findings have been inconsistent. While some
observational studies suggested a benign prognosis, others identified
an association between CSF and MACE.*** Nonetheless, the precise
pathophysiological mechanisms linking CSF to MACE remain unclear.

Sema4D plays a role in inflammation, oxidative stress, atherosclerosis,
and angiogenesis, potentially contributing to disease development
and progression. Previous studies have reported associations between
Sema4D and AF, heart failure, and coronary artery disease."**' Willner
et al.*? found that Sema4D levels were elevated and correlated with
N-terminal pro-brain natriuretic peptide in cases of acute heart failure.
Lu et al® also observed similar findings in heart failure patients,
with the highest levels seen in those with diabetes. Moreover, Gong
et al.*" reported a link between Sema4D and coronary artery disease,
noting increased levels particularly in patients with acute myocardial
infarction. In this study, Sema4D was identified as an independent risk
factor for developing coronary artery disease." Furthermore, Xiang
et al.”7 demonstrated a connection between elevated serum Sema4D
levels and the presence of AF, especially in the non-paroxysmal
group, highlighting Sema4D as a key independent risk factor for
atrial remodeling. Consistent with Xiang et al.,"” Can et al.’ reported
increased Sema4D levels in patients with PAF. They also investigated
the relationship between Sema4D levels and AF recurrence following
catheterablation, finding significantly higher Sema4D levels in the non-
ablation PAF group compared to patients who underwent ablation.™
Moreover, Sema4D level showed a significant positive correlation with
both hs-CRP and the NLR in PAF.'®

Since no previous studies have shown a connection between Sema4D
and CSF, we explored and identified this significant relationship in
the present study. Furthermore, for the first time, we demonstrated
an association between Sema4D and well-known inflammatory
and oxidative markers such as hs-CRP and NLR in patients with CSF,
highlighting an important role of Sema4D in the pathophysiology of
CSF. These results indicate that elevated Sema4D levels may contribute
to the presence and progression of inflammation, oxidative stress, and
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endothelial and vasomotor dysfunction-key mechanisms involved in
the development of CSF. Moreover, significant positive correlations
were observed between Sema4D levels and the mean TFC, as well as
the TFCvalues of all three coronary arteries, suggesting a potential role
of Sema4D in the progression and severity of atherosclerosis leading
to CSF. Our study also demonstrated, via ROC analysis, that Sema4D
serves as a significant independent predictor for the presence of CSF.
Sema4D appears to promote the secretion and activation of various
pro-inflammatory cells, oxidative markers, and cytokines, triggering
vascular inflammation, remodeling, and vasomotor dysfunction-
particularly in endothelial and smooth muscle cells-which may
accelerate the onset and progression of CSF. Overall, the main findings
of this study support the idea that Sema4D may be involved in various
coronary pathologies and that its levels can be detected through blood
tests in clinical practice. This increase in Sema4D may be associated
with chronic endothelial inflammation and oxidative stress in CSF.

Study Limitations

The present study has several limitations. First, it was conducted at a
single center and was non-randomized, which may introduce selection
bias. Second, the sample size was relatively small. Nevertheless, we
were able to show a strong association between Sema4D level and
both the presence and extent of CSF. Third, the potential coexistence
of non-obstructive coronary artery disease and CSF could not be
assessed due to the absence of data on atherosclerotic characteristics
and coronary plaque burden, which could be assessed by intravascular
ultrasonography-a technique not routinely used in clinical practice.
Finally, the study’s cross-sectional design meant there were no short-
or medium-term follow-up data on MACEs.

CONCLUSION

This study demonstrated a statistically significant correlation between
elevated serum Sema4D levels and the presence and extent of CSF
in patients with stable angina pectoris who underwent coronary
angiography. Furthermore, Sema4D was found to be associated
with well-known inflammatory markers such as hs-CRP and NLR in
this condition. Sema4D may have a critical role in the development
and progression of coronary atherosclerosis, which can manifest as
isolated CSF. To clarify this relationship, further large-scale, multicenter
clinical studies are needed. Sema4D shows promise as a biomarker
for identifying the presence and extent of CSF in patients with stable
angina.
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ABSTRACT

Background: Peripheral arterial disease (PAD) is significantly more prevalent in diabetic populations and is a major contributor to non-traumatic lower limb
amputations.

Aim: This study assesses outcomes of percutaneous revascularization in diabetic PAD patients, comparing clinical characteristics between those who underwent
amputation and those who did not.

Study Design: A single center retrospective observational study.

Methods: The study was conducted on 100 diabetic PAD patients undergoing endovascular revascularization between March 2023 and April 2024. Clinical
classifications and laboratory parameters [hemoglobin A1c (HbA1c), renal function, C-reactive protein, low-density lipoprotein] were analyzed at baseline and 6
months.

Results: Amputation occurred in 15 patients (15%). These patients had significantly higher HbA1c (10.5 vs. 8.8, p<0.001), creatinine (1.52 vs. 0.89, p<0.001), and
lower estimated glomerular filtration rate (47 vs. 89, p<0.001). PAD severity scores (Rutherford, Fontaine, Wagner, WIfl, TASC I1) were all significantly higher in the
amputation group. Receiver operating characteristic (ROC) analysis showed Wagner classification had the best predictive value (area under the ROC curve 0.982).

Conclusion: Advanced PAD in diabetics correlates with worse metabolic control and renal dysfunction. Early diagnosis and revascularization are critical to avoid
amputation.

Keywords: Peripheral artery disease, interventional cardiology, below-the-knee intervention, diabetic foot

INTRODUCTION

Individuals with diabetes mellitus (DM) have a substantially elevated

particularly in those over 35 years of age.* Importantly, nearly half
of diabetic patients with foot ulcers also have PAD,” and non-healing
foot ulcers are among the most frequent concerns in this group.
The incidence of PAD is estimated to be two to four times higher in
individuals with diabetes compared to those without,® and diabetes
is present in roughly 20-30% of patients diagnosed with PAD.” An
estimated 15% of diabetic individuals will develop a foot ulcer during
their lifetime,® and PAD is identified in up to 90% of diabetic patients
who undergo major limb amputation.® Diabetes is, in fact, the most

lifetime risk—approximately tenfold—of developing cardiovascular
disease compared to the general population." Cardiovascular
complications account for about 77% of
hospitalizations in the United States.?

diabetes-related

Peripheral artery disease (PAD), a form of atherosclerotic occlusion

affecting the arteries of the lower extremities, isa common and serious
complication among diabetic patients.> Atherosclerosis obliterans
is the leading cause of chronic arterial blockage in the lower limbs,

common cause of non-traumatic lower limb amputations, with rates
of major amputation being 5-10 times greater than those in non-
diabetic individuals.’
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Vascular disease in diabetes is predominantly macrovascular in nature,
resultingfromatherosclerosis, ratherthan beingcaused by microvascular
arteriolar obstruction.’ This distinction holds clinical importance,
as macrovascular disease is often responsive to revascularization
procedures. Nevertheless, diabetes also induces microvascular
dysfunction through autonomic neuropathy (neuroischemia), which
leads to capillary hypoperfusion and compromised collateral blood
flow." Furthermore, endothelial dysfunction and reduced nitric
oxide-mediated vasodilation contribute to the worsening of ischemic
injury.? In diabetic patients, PAD typically presents at a younger age,
advances more quickly, and frequently affects long, distal segments of
the arterial system.”

Multiple classification systems are used to assess the severity of PAD
and guide treatment strategies. The Fontaine and Rutherford systems
are commonly used for clinical staging.” In the Fontaine classification,
stage 1 corresponds to asymptomatic disease, stage 2a to claudication
occurring beyond 100 m; stage 2b to claudication within 100 meters;
stage 3 to rest pain; and stage 4 to ulceration or gangrene—stages
3 and 4 are categorized as critical limb ischemia (CLI). The Wagner
classification is typically applied to grade the severity of diabetic
foot ulcers," while the TASC Il classification provides anatomical
stratification of aortoiliac and femoropopliteal lesions."

This study evaluated diabetic patients with PAD who underwent
percutaneous revascularization. We compared those who eventually
underwent limb amputation during follow-up with those who did
not, emphasizing clinical parameters and potential predictors of limb
salvage versus limb loss.

METHODS

This retrospective study was carried out in the Clinic of Cardiology at
Osmaniye State Hospital over a 1-year period, from March 2023 to April
2024. The objective was to evaluate the outcomes of 100 endovascular
revascularization procedures performed in patients with ischemic
diabetic foot.

Patient Selection and Ethical Approval

Patients were referred from the diabetic foot clinic as confirmed cases
of DM, diagnosed based on the criteria established by the American
Diabetes Association, and presented with ischemic foot lesions.
Informed consent was obtained from all participants after a thorough
explanation of the procedure and possible complications. The study
received ethical approval from the Osmaniye State Hospital Ethical
Committee (decision number: 254426875, date: 19.09.2024).

Diagnostic Evaluation

All patients underwent Doppler ultrasonography to localize, visualize,
and assess the hemodynamic characteristics of arterial lesions.
Evaluations included gray-scale imaging, color Doppler mapping,
power Doppler, and pulsed-wave Doppler to assess blood flow.

Conventional angiography was performed in all cases. Percutaneous
transluminal angioplasty was carried out on one or more infrapopliteal
arteries—preferably targeting the artery supplying the ulcer—when
critical stenosis or occlusion was identified. For patients with associated
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superficial femoral artery (SFA) involvement, SFA angioplasty was
performed during the same session.

Medical Management

All  patients received comprehensive medical treatment for
cardiovascular risk factors. Perioperative management included the
following:

- Surgical debridement of necrotic tissue,
- Glycemic control using insulin therapy,
- Administration of broad-spectrum antibiotics,

- Antiplatelet therapy with aspirin (100 mg/day) and/or clopidogrel (75
mg/day).

For patients with elevated creatinine levels (>1.1 mg/dL), a renal
protection strategy was implemented, which included intravenous
hydration and oral N-acetylcysteine (600 mg twice daily) starting the
day before the procedure. Metformin was discontinued 2 days prior
to angiography and resumed afterward. Dialysis was initiated in
patients who developed renal failure following the procedure. Blood
urea nitrogen and serum creatinine were routinely assessed prior to
angioplasty.

Interventional Procedure

All procedures were conducted under local anesthesia. The primary
approach involved an anterograde puncture of the ipsilateral common
femoral artery (CFA) using a 6F introducer sheath. In select cases, a
contralateral CFA puncture with a crossover technique was employed.
Angiographic evaluation utilized a nonionic contrast agent (iodixanol),
digital subtraction angiography, and multiple oblique and lateral
views of the foot to ensure optimal visualization.

Lesions were traversed using 0.014”, 0.018”, or 0.035” guidewires.
For total occlusions, true lumen recanalization was the first-line
approach, using dedicated coronary or peripheral guidewires. If this
was unsuccessful, a subintimal technique was used.

Balloon angioplasty commenced with predilation using low-profile
balloons, followed by inflation of peripheral balloons selected
according to a 1:1 artery-to-balloon diameter and ratio and the length
of the lesion, with inflation maintained for 3 minutes. No stents were
deployed in any of the interventions. Intravenous heparin (70 U/
kg) was administered following guidewire advancement. In cases of
vessel spasm, a bolus of 0.1-0.2 mg intra-arterial nitroglycerin was
administered. Hemostasis at the puncture site was achieved with
manual compression.

Statistical Analysis

All statistical analyses were conducted using IBM Statistical Package
for the Social Sciences statistics for Windows, version 25.0 (IBM
Corp., Armonk, NY, USA). The distribution of continuous variables
was assessed visually through histograms and Q-Q plots. Descriptive
statistics are reported as meanztstandard deviation for variables with
normal distribution, median (interquartile range, 25"-75" percentile)
for variables without normal distribution, and frequency (percentage)
for categorical variables.
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Group comparisons were made using the Student’s t-test for normally
distributed continuous variables and the Mann-Whitney U test for
those not normally distributed. Categorical variables were analyzed
using the chi-squared test, Fisher’s exact test, or the Fisher-Freeman-
Halton test, depending on the context.

Receiver operating characteristic (ROC) curve analysis was used to assess
the predictive value of clinical and laboratory variables for amputation.
Optimal cut-off points were identified by maximizing Youden’s index.
A two-sided p value of <0.05 was considered statistically significant.

RESULTS

The study included 100 patients, consisting of 62 males and 38 females,
with a mean age of 60.4619.43 years (range, 40-80 years). Major lower
extremity amputation was performed in 15 patients (15.0%). No in-
hospital deaths were recorded.

There were no statistically significant differences in age or sex between
the amputation and non-amputation groups.
Clinical Classifications and Disease Severity

Patients who underwent amputation had significantly more severe
disease, as indicated by the following:

Rutherford classification: Grade 3/category 5 and grade 3/category 6
were significantly more prevalent in the amputation group (p<0.001).

Fontaine classification: Grade 4 occurred significantly more often in
the amputation group (p<0.001).

Wagner classification: Grade 4 was significantly more frequent among
patients who underwent amputation (p<0.001).

WIfl (Wound, Ischemia, and foot Infection) classification: Grade 3
was significantly more common in the amputation group (p<0.001).

TASC Il classification: Type D lesions were significantly more prevalent
in the amputation group (p<0.001).

Diabetes-related and Baseline Characteristics

The duration of DM was significantly longer in the amputation group
(p=0.011), and a previous history of amputation was also significantly
more frequent in this group (p<0.001).

There were no statistically significant differences between the groups
in terms of smoking status, hypertension, or history of coronary artery
disease.

Procedural Characteristics

Combined below- and above-knee interventions were significantly
more common in patients who underwent amputation (p<0.001).
Additionally, the amount of contrast agent used was significantly
greater in this group (p<0.001). Balloon diameter and inflation time
(3 minutes in all cases) did not differ significantly between the groups.

Renal Function and Contrast-induced Nephropathy

Baseline serum creatinine levels were significantly higher (p<0.001),
and estimated glomerular filtration rate (eGFR) was significantly
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lower (p<0.001) in the amputation group. An increase in creatinine
levels occurred in six patients (6.0%), and two patients (2.0%) required
temporary hemodialysis. Although the frequency of creatinine
elevation was significantly greater in the amputation group (p<0.001),
the requirement for hemodialysis did not significantly differ between
the groups.

Metabolic and Inflammatory Markers

Patients in the amputation group exhibited significantly poorer
glycemic and lipid control:

- Baseline hemoglobin Alc (HbA1c) (p=0.001) and 6-month HbA1c
(p=0.002) levels were elevated.

- Baseline low-density lipoprotein (LDL) (p<0.001) and 6-month LDL
(p=0.002) levels were also higher.

- Baseline C-reactive protein (CRP) (p<0.001) and 6-month CRP
(p<0.001) levels were significantly increased.

No significant differences were found between the groups regarding
baseline or 6-month hemoglobin levels (Table 1).

Predictive Value of the Clinical Classification Systems

All five classification systems—Rutherford, Fontaine, Wagner, WIfl, and
TASC Il—were statistically significant predictors of amputation (each
with p<0.001).

Among these:

- Rutherford, Fontaine, and Wagner classifications demonstrated
the highest sensitivity (100.0%) and negative predictive value (NPV)
(100.0%), indicating strong reliability in excluding amputation risk in
lower-grade cases.

- Wagner classification showed the highest specificity (96.47%), accuracy
(97.0%), and positive predictive value (PPV) (83.33%), making it the
most effective tool for predicting limb loss in this cohort.

- Wagner classification also achieved the highest area under the ROC
curve (AUC) [AUC=0.982, 95% confidence interval (Cl): 0.959-1.000],
indicating excellent diagnostic accuracy (Table 2).

Predictive Value of the Baseline Laboratory Parameters

Baseline levels of creatinine (p<0.001), eGFR (p<0.001), HbA1c
(p=0.001), LDL (p<0.001), and CRP (p<0.001) were all statistically
significant predictors of major limb amputation.

Among these markers:

- HbA1c and CRP showed the highest sensitivity (100.0%) and NPV
(100.0%), indicating strong utility in ruling out amputation risk when
values are within normal limits.

- eGFR demonstrated the highest specificity (92.94%), accuracy (91.0%),
and PPV (66.67%), supporting its usefulness in identifying patients at
higher risk.

- CRP achieved the largest (AUC=0.944, 95% Cl: 0.897-0.990), reflecting
excellent discriminative power for predicting limb loss (Figures 1, 2
and, Table 3).
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Table 1. Summary of variables by amputation status

Amputation

Total (n=100) No (n=85) Yes (n=15) p
Age 60.4619.43 60.82+9.22 58.40+10.61 0.361F
Sex
Male 62 (62.00%) 54 (63.53%) 8 (53.33%) 0ot
Female 38 (38.00%) 31 (36.47%) 7 (46.67%)
Rutherford classification
Grade 1/category 3 22 (22.00%) 22 (25.88%) 0 (0.00%)
Grade 2/category 4 34 (34.00%) 34 (40.00%) 0 (0.00%) <0.001"
Grade 3/category 5 25 (25.00%) 18 (21.18%) 7 (46.67%)
Grade 4/category 6 19 (19.00%) 11 (12.94%) 8(53.33%)
Fontaine classification
Grade 2b 22 (22.00%) 22 (25.88%) 0 (0.00%)
Grade 3 34 (34.00%) 34 (40.00%) 0 (0.00%) <0.001*
Grade 4 44 (44.00%) 29 (34.12%) 15 (100.00%)
Wagner classification
Grade 0 20 (20.00%) 20 (23.53%) 0 (0.00%)
Grade 1 26 (26.00%) 26 (30.59%) 0 (0.00%)
Grade 2 21(21.00%) 21 (24.71%) 0 (0.00%)
Grade 3 15 (15.00%) 15 (17.65%) 0 (0.00%) <0.00%
Grade 4 18 (18.00%) 3 (3.53%) 15 (100.00%)
Grade 5 0 (0.00%) 0 (0.00%) 0 (0.00%)
WIfI classification system
Grade 0 0 (0.00%) 0 (0.00%) 0 (0.00%)
Grade 1 41 (41.00%) 41 (48.24%) 0 (0.00%)
Grade 2 34 (34.00%) 31 (36.47%) 3 (20.00%) <0.001"
Grade 3 25 (25.00%) 13 (15.29%) 12 (80.00%)
TASC Il classification
Type A 24 (24.00%) 24 (28.24%) 0 (0.00%)
Type B 24 (24.00%) 24 (28.24%) 0 (0.00%)
Type C 28 (28.00%) 24 (28.24%) 4 (26.67%) <0.00m
Type D 24 (24.00%) 13 (15.29%) 11 (73.33%)
Smoking 72 (72.00%) 59 (69.41%) 13 (86.67%) 0.2228
Duration of diabetes, years 8 (7-9) 8 (6-9) 9(8-9) 0.011%
Comorbidity
Hypertension 28 (28.00%) 26 (30.59%) 2(13.33%)
Coronary artery disease 48 (48.00%) 38 (44.71%) 10 (66.67%) 0.2931
Both 24 (24.00%) 21 (24.71%) 3 (20.00%)
Prior amputation 23 (23.00%) 10 (11.76%) 13 (86.67%) <0.001%
Location of the intervention
Below knee 65 (65.00%) 63 (74.12%) 2(13.33%)
Below and above the knee 35 (35.00%) 22 (25.88%) 13 (86.67%) <0.001"
Amount of contrast substance, cc 26 (24-28) 24 (24-28) 28 (28-30) <0.001#
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Table 1. Continued
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Amputation

Total (n=100) No (n=85) Yes (n=15) p
Size of the balloon
2.0 mm 44 (44.00%) 38 (44.71%) 6 (40.00%)
2.5 mm 31 (31.00%) 24 (28.24%) 7 (46.67%) 03251
3.0 mm 25 (25.00%) 23 (27.06%) 2(13.33%)
Balloon inflation time per lesion
3 min 100 (100.00%) 85 (100.00%) 15 (100.00%) N/A
Creatinine 0.93 (0.74-1.14) 0.89 (0.72-1.00) 1.52 (1.21-1.64) <0.001#
eGFR 87.5 (67-97) 89 (79-97) 47 (42-53) <0.001%
Increase in the creatinine 6 (6.00%) 1(1.18%) 5 (33.33%) <0.001%
Hemodialysis 2 (2.00%) 1(1.18%) 1(6.67%) 0.279%
HbA1c
Baseline 9.25 (8.15-10.55) 8.8 (8.1-10.5) 10.5(9.8-11.7) 0.001%
6" month 8.35(7.559.2) 8.0 (7.4-9.1) 9.2 (8.7-10.0) 0.002
LDL
Baseline 124.5 (104-144) 121 (102-139) 157 (143-162) <0.001#
6" month 89 (79.5-93.5) 88 (79-93) 92 (89-101) 0.002
CRP, mg/L
Baseline 7 (4-18) 7 (4-10) 27 (24-31) <0.001%
6" month 4(2-5.5) 4(2-5) 7 (5-8) <0.001%
Hemoglobin, g/dL
Baseline 13.07£0.85 13.04+0.81 13.18+1.05 0.572f
6" month 12.74+0.88 12.71£0.90 12.89+0.78 0.4847

Descriptive statistics are expressed as mean+standard deviation for continuous variables with normal distribution, median (25"-75" percentile) for non-normally
distributed continuous variables, and frequency (percentage) for categorical variables.
fStudent’s t-test, fMann-Whitney U test, “chi-squared test, *Fisher’s exact test, “Fisher-Freeman-Halton test, N/A: Not applicable, eGFR: Estimated glomerular filtration
rate, HbA1c: Hemoglobin Alc, LDL: Low-density lipoprotein, CRP: C-reactive protein

Table 2. Predictive performance of clinical classification systems and ROC curve analysis for amputation

Classification Rutherford Fontaine Wagner’s Wifl TASC I
Cut-off Grade 3 Grade 4 Grade 4 Grade 3 Type D
Sensitivity 100.00% 100.00% 100.00% 80.00% 73.33%
Specificity 65.88% 65.88% 96.47% 84.71% 84.71%
Accuracy 71.00% 71.00% 97.00% 84.00% 83.00%
PPV 34.09% 34.09% 83.33% 48.00% 45.83%
NPV 100.00% 100.00% 100.00% 96.00% 94.74%
AUC (95% CI) 0.856 (0.780-0.931) 0.829 (0.749-0.910) 0.982 (0.959-1.000) 0.872 (0.793-0.950) 0.865 (0.789-0.942)
p <0.001 <0.001 <0.001 <0.001 <0.001

ROC: Receiver operating characteristic, PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the ROC curve, Cl: Confidence interval
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Table 3. Predictive performance of baseline laboratory parameters and ROC curve analysis for amputation

Measurement, baseline  Creatinine eGFR HbA1c LDL CRP

Cut-off >1.20 <55 >9.4 >133 >11

Sensitivity 80.00% 80.00% 100.00% 93.33% 100.00%

Specificity 88.24% 92.94% 60.00% 69.41% 78.82%

Accuracy 87.00% 91.00% 66.00% 73.00% 82.00%

PPV 54.55% 66.67% 30.61% 35.00% 45.45%

NPV 96.15% 96.34% 100.00% 98.33% 100.00%

AUC (95% Cl) 0.887(0.798-0.975)  0.896(0.807-0.985)  0.771(0.674-0.869)  0.864 (0.787-0.941) 0.944 (0.897-0.990)
p <0.001 <0.001 0.001 <0.001 <0.001

ROC: Receiver operating characteristic, PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the ROC curve, Cl: Confidence interval, eGFR:
Estimated glomerular filtration rate, HbA1c: Hemoglobin Alc, LDL: Low-density lipoprotein, CRP: C-reactive protein
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Figure 1. ROC curves for clinical classification systems. ROC curves illustrating
the predictive accuracy of the Wagner, Rutherford, Fontaine, WIfl, and TASC
Il classifications for amputation in patients with diabetic peripheral artery
disease
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Figure 2. ROC curves for baseline laboratory parameters. ROC curves depicting
the predictive performance of baseline laboratory values (HbA1c, creatinine,
eGFR, CRP, LDL) for amputation in patients with diabetic peripheral artery
disease

ROC: Receiver operating characteristic, eGFR: Estimated glomerular filtration
rate, HbATc: Hemoglobin Alc, LDL: Low-density lipoprotein, CRP: C-reactive
protein

DISCUSSION

This study evaluated 100 patients with diabetic PAD who underwent
percutaneous revascularization, among whom 15 required major
amputation during follow-up. Demographic characteristics and
comorbid conditions were comparable between the amputation and
non-amputation groups, with the exception of diabetes duration,
which was significantly longer in those who underwent amputation.

Inadequate glycemic control, as indicated by elevated baseline and
6-month HbATc levels, was also significantly linked to a higher risk
of amputation. This observation is consistent with earlier studies
showing that poor diabetes control and prolonged disease duration
are associated with a greater incidence and severity of diabetes-
related complications, including PAD."®"” These findings emphasize the
essential role of maintaining tight glycemic control to reduce the risk
of limb-threatening ischemia.

Renal dysfunction was significantly more pronounced in the
amputation group, as indicated by higher baseline creatinine levels
and lower eGFR. This finding suggests that PAD severity may reflect
broader systemic target organ damage, including renal impairment.
The greater volume of contrast agent used during revascularization
procedures in this group likely corresponds to more extensive and
complex arterial disease, which may contribute to additional kidney
injury. As a result, this group exhibited a higher rate of contrast-
induced nephropathy, demonstrated by a significant postprocedural
increase in creatinine and a greater, though not statistically significant,
requirement for hemodialysis.

The study also demonstrated that clinical and anatomical severity
scores—specifically the Rutherford, Fontaine, Wagner, WIfl, and TASC
Il classifications—were significantly higher in patients who underwent
amputation. These scoring systems proved to be valuable predictors of
amputation risk, highlighting the critical importance of early diagnosis
and prompt treatment of PAD to prevent progression to CLI and
eventual limb loss.

Collectively, these findings underscore PAD as a serious complication
of DM, closely linked to both the duration and severity of the disease,
as well as to damage in other target organs. The relationship among
poor glycemic control, advanced vascular disease, and declining renal
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function highlights the need for integrated management approaches
that address all contributing factors.

Finally, the results indicate that patients with advanced PAD should
be closely monitored for renal function, particularly when undergoing
contrast-enhanced endovascular interventions, to minimize the risk of
additional kidney injury and enhance overall clinical outcomes.

Study Limitations

This study has several limitations. First, its retrospective nature
may introduce selection bias and restrict the ability to draw causal
inferences. Although the sample size was sufficient, it was relatively
small and sourced from a single center, which may limit the broader
applicability of the results. Furthermore, follow-up was limited to 6
months, and extended observation would be beneficial to assess
the long-term durability of revascularization and outcomes such as
recurrent ischemia or mortality.

Future research should include prospective, multicenter studies with
larger patient populations and longer follow-up periods to confirm
these findings. Further investigation into the role of emerging
endovascular techniques, adjunct pharmacologic therapies, and
integrated multidisciplinary care models in reducing amputation
rates among patients with diabetic PAD may help refine treatment
approaches.

CONCLUSION

This study shows that diabetic patients with PAD undergoing
endovascular revascularization remain at considerable risk for limb
amputation, especially those with prolonged diabetes duration, poor
glycemic control, advanced PAD classification scores, and compromised
renal function. Early detection, effective diabetes management, and
close monitoring of kidney function are essential to enhance limb
salvage and overall outcomes. These findings highlight the importance
of a multidisciplinary approach in the management of diabetic PAD to
prevent progression to critical ischemia and the need for amputation.
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ABSTRACT

Background: Troponin and select inflammation biomarkers are associated with Coronavirus disease-2019 (COVID-19) severity and intensive care unit (ICU)
admissions related to cardiac injury. However, cardiac magnetic resonance imaging (CMRI) remains the gold standard for detecting myocardial involvement.

Aim: This study aimed to determine whether troponin levels at admission are associated with clinical severity and CMRI-confirmed cardiac injury.

Study Design: A prospective, observational cohort study involving 51 recovered COVID-19 patients, categorized into ICU (n=16) and non-ICU (n=35) groups, and
assessed 4-6 weeks postdischarge.

Methods: Blood samples were collected during hospital admission to ascertain the levels of high-sensitivity cardiac troponin T (hs-cTnT), C-reactive protein (CRP),
procalcitonin, neutrophil-to-lymphocyte ratio (NLR), D-dimer, ferritin, and systemic immune-inflammation index (SIl). Patients also underwent electrocardiography
(ECG), transthoracic echocardiography (TTE), and CMRI. Group differences were analyzed statistically, and receiver operating characteristic (ROC) curve analysis
assessed biomarker predictive performance for ICU admission and cardiac injury.

Results: ICU patients had considerably greater levels of inflammatory biomarkers and hs-cTnT (p<0.05). The ROC curve analysis revealed that hs-cTnT, NLR,
D-dimer, ferritin, CRP, and SlI levels predicted ICU admission (p<0.05). ECG and TTE findings were comparable between the groups. On CMRI, non-ischemic fibrosis
was observed to be more prevalent in ICU patients (p=0.03). ROC curve revealed that hs-cTnT and SlI levels predicted CMRI-detected cardiac injury (p<0.05).
Conclusion: The troponin and Sl levels at admission were associated with disease severity and CMRI-confirmed cardiac injury, even in the presence of normal
echocardiographic findings. Both markers may help predict ICU necessity and serious cardiac involvement.

Keywords: COVID-19, clinical severity, cardiac injury, biomarkers, MRI

INTRODUCTION

Coronavirus disease-2019 (COVID-19), caused by Severe acute
respiratory syndrome-Coronavirus-2 (SARS-CoV-2), has continued
to spread globally since its emergence in 2019. Despite primarily
affecting the respiratory tract, cardiovascular (CV) manifestations have
become increasingly significant in terms of mortality and morbidity."?
A review article examining the relationship between COVID-19 and CV
involvement found that myocardial injury occurred in over a quarter
of critically ill patients, either during the acute phase or as the disease
severity progressed.

Multiple biomarkers have been associated with COVID-19 severity
and intensive care unit (ICU) admissions.*® Patients with elevated
high-sensitivity cardiac troponin | (cTnl), cardiac troponin T (cTnT),
creatine kinase-myocardial band (CK-MB), dimerized plasma fragment
(D-dimer), C-reactive protein (CRP), and interleukin-6 (IL-6) have been
linked to a higher risk of developing severe disease or requiring ICU
admission due to cardiac injury.”®

Although several biomarkers can predict cardiac injury, cardiac
magnetic resonance imaging (CMRI) remains the gold standard for
detecting myocardial involvement."® Recovered COVID-19 patients
exhibited elevated rates of cardiac involvement on CMRI, with even
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higher prevalence observed in more severe cases."' This study aimed
to investigate the association between admission troponin levels,
clinical severity, and CMRI-confirmed cardiac injury.

MATERIALS AND METHODS

Study Population and Design

This single-center, prospective, observational cohort study included
patients diagnosed with COVID-19 on reverse transcription-polymerase
chain reaction (RT-PCR). Patients over 18 years of age with a positive
RT-PCR test who required in-hospital follow-up either in COVID-19
clinics or COVID-19 ICU were included. In COVID-19 clinics, patients
with characteristic COVID-19-related symptoms and a respiratory
rate (RR) >24 beats per minute or an oxygen saturation (Sp0,) <93%
were monitored. ICU admission criteria included the following:
dyspnea and respiratory distress, RR >30/min, ratio of arterial
oxygen partial pressure to fractional inspired oxygen (Pa0,/FiO,) 300,
elevated oxygen requirement, Sp0, <90% or Pa0, <70 mmHg despite
5 L/min oxygen therapy, hypotension (systolic blood pressure <90
mmHg or a drop in systolic blood pressure of more than 40 mmHg
and mean arterial pressure <65 mmHg), tachycardia (>100 beats/min),
acute kidney damage, impaired liver function tests, development of
acute organ dysfunction (confusion, acute bleeding diathesis, etc.),
immunosuppression, troponin elevation, arrhythmia, lactate >2
mmol, and skin disorders such as capillary return disorder and cutis
marmaratus existence. The study excluded those under the age of
18 years, those who did not need in-hospital follow-up (RR under
24/minute, Sp0, above 93%, and absence of bilateral diffuse (>50%)
involvement on lung imaging), those with contraindications for CMRI,
and those who did not volunteer.

Between November 2020 and March 2021, we enrolled 70 patients
with COVID-19 who required in-hospital follow-up. The study
participants were examined in two separate groups. Group 1 (n=24)
contained patients who needed COVID-19 ICU follow-up, and group
2 (n=46) included patients who did not require ICU and were
monitored in the COVID-19 clinics. Of these patients, four died and
eight declined to participate in the study. Following their discharge,
58 patients who recovered and survived COVID-19 were monitored.
Patients were deemed to have recovered if their symptoms subsided
and their inflammatory markers returned to normal while their swab
test findings were negative. CMRI appointments were scheduled for
all participants, typically 4-6 weeks following discharge. Finally, our
study population consisted of 51 patients (group 1, n=16 and group 2,
n=35) after excluding those lost to follow-up (n=4) and those unable
to undergo CMRI for any reason (n=3). Transthoracic echocardiogram
(TTE), CMRI, and electrocardiogram (ECG) were performed concurrently
on all 51 participants. Figure 1 presents the study flow diagram.

This study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the Local Ethical
Committee of the Ankara Training and Research Hospital, Ankara,
Turkiye (approval number: 485/2020, date: 15.01.2021). Approval for
the study was obtained from the Scientific Research Platform of the
Ministry of Health in Tirkiye. Written informed consent was obtained
from each patient after providing detailed information regarding the
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Figure 1. Flow diagram of the study population

PCR: Polymerase chain reaction, COVID-19: Coronavirus disease-2019, ICU:
Intensive care unit, MRI: Magnetic resonance imaging, ECG: Electrocardiography,
TTE: Transthoracic echocardiography

study. Patients or the public were not involved in the design, conduct,
reporting, or dissemination plans of this study.

Data Collection and Analysis

Demographic data (sex, age, and body mass index) and clinical
information, including the presence of hypertension, diabetes
mellitus, hyperlipidemia, coronary artery disease, heart failure,
cerebrovascular disease, chronic kidney disease, chronic obstructive
pulmonary disease, history of smoking, and COVID-19 RT-PCR results,
were obtained from the electronic medical records and medical history
forms. Initial symptoms, vital signs, and treatment administered
were recorded during the in-hospital follow-up. ECG, TTE, and CMRI
were performed concurrently after discharge and were evaluated by
specialists in the relevant field.

Cardiac Magnetic Resonance Imaging

CMRI was performed using a 1.5 Tesla MR system (Magnetom Aera,
Siemens Healthineers) with an 18-channel phased-array torso surface
coil. To synchronize with the cardiac cycle, vectorcardiography was
employed, and breath-hold imaging for image acquisition. Blood
samples were collected while the patients were on the CMRI table,
immediately before the scan, to determine hematocrit levels required
for extracellular volume (ECV) calculation.

The CMRI protocol comprised static axial balanced steady-state free
precession (b-SSFP) and half-Fourier acquisition single-shot turbo spin
echo images beginning from the supra-aortic level and encompassing
the entire heart and cine long-axis and short-axis images of both
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ventricles and the left ventricular (LV) outflow tract obtained using the
b-SSFP sequence. T2-weighted short-tau inversion recovery and late
gadolinium enhancement (LGE) images were acquired in both long-axis
and short-axis planes. For LGE imaging, a phase sensitive inversion-
recovery sequence was performed ten minutes after administering
gadolinium-based contrast material at a dose of 0.15 mmol/kg; Tl
scout software was used to determine the optimal inversion time. T2
mapping, native precontrast, and postcontrast T1 mapping sequences
were added to the protocol and acquired at the same long-axis and
short-axis image planes. An optimized modified look-locker inversion
recovery sequence was employed for T1 mapping, acquired with a
5(3)3 scheme before contrast administration and a 4(1)3(1)2 scheme
after contrast. For T2 mapping, a T2-prepared b-SSFP sequence was
utilized.

Image analyses were performed on a remote diagnostic workstation
(Leonardo Syngo MR E11, Siemens Healthineers) by a radiologist with
13 years of experience in CMRI. The radiologist was blinded to the
participants’ data when assessing the CMRI images. Cardiac analysis
software (Argus; Siemens Healthineers) was used for routine cardiac
measurements and functional assessment. T2-weighted short-tau
inversion-recovery sequences and T2 maps were used to determine the
presence of focal or global myocardial edema. Myocardial damage was
assessed using both precontrast native T1 maps and postcontrast T1
maps. Pre- and post-contrast T1 and T2 times were measured using a
region of interest (ROI) from focal myocardial lesions, and the ECV was
calculated for these lesions. Furthermore, the mean native T1 and T2
times were ascertained with an ROl positioned in the lesion-free areas
of the septal wall in all patients, and the mean myocardial ECV volume
was calculated. The normal ranges of T1 and T2 times for our scanner
were previously established in healthy volunteers, in accordance with
the consensus statement of the Society for Cardiovascular Magnetic
Resonance.

Transthoracic Echocardiography

Echocardiography was performed using a standard imaging system
(Vivid S60N, GE Healthcare) equipped with a 1.5- to 4-MHz phased-
array transducer. Quantitative measurements followed the American
Society of Echocardiography guidelines.” All measurements for each
participant were performed by the same specialist. The researchers
were blinded to the participants’ data when analyzing the TTE images.
All assessments were performed with the participant in the left lateral
decubitus position. LV volumes and LV ejection fraction (LVEF) were
measured based on the modified two-dimensional biplane Simpson’s
method from apical 2 and 4-chamber views. LV end diastolic and LV
end-systolic diameters were calculated using the Teichholz method
fromthe parasternal long-axis view. Mitral inflow Eand A wave velocities
were assessed using pulsed wave (PW) Doppler from the apical four-
chamber view, and the E/A ratio was calculated. The E' wave velocity
was measured using PW tissue Doppler at the lateral mitral annulus,
and the E/e’ ratio was calculated. Right ventricular (RV) functioning
was assessed using tricuspid annular plane systolic excursion (TAPSE)
and tricuspid S’ velocity. TAPSE and tricuspid S’ velocity were measured
through the apical four-chamber view using M-mode echocardiography
and PW tissue Doppler at the lateral tricuspid annulus, respectively.
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The peak tricuspid regurgitation velocity was measured, while the
systolic pulmonary artery pressure was evaluated using the modified
Bernoulli equation.

Laboratory Findings

Blood samples were collected from patients upon hospital admission,
within the first 24 hours after onset of their symptoms. Sample-giving
time was defined as the interval between the onset of symptoms
and the time of blood sampling. Routine blood tests included:
complete blood count; serum biochemical tests [renal and liver
function, creatinine kinase, glomerular filtration rate (mL/min/1.73
m?), aspartate aminotransferase (units/L), alanine aminotransferase
(units/L), and albumin levels (g/dL)]; inflammatory biomarkers [CRP,
mg/dL, procalcitonin (PCT), ng/mL and ferritin, ng/mL]; coagulation
biomarkers (D-dimer, ng/mL and fibrinogen, mg/dL); and cardiac
biomarkers [high-sensitive ¢TnT (hs-cTnT, ng/L) and CK-MB, ng/
mL]. Standardized test kits for hs-cTnT assay were used to process
blood samples (Roche Diagnostics Cobas e411). The local laboratory
cut-off value for detectable hs-cTnT was greater than 3 ng/L, with
levels exceeding the 99" percentile (13.9 ng/L) considered significantly
elevated. Hematological indices were measured using a SYSMEX XN-
3000 automated hematology analyzer. Additionally, creatinine, serum
electrolytes, and detailed liver function tests were performed utilizing
a Roche Diagnostics Cobas 8000 modular analyzer. The neutrophil-
to-lymphocyte ratio (NLR) represents the NLR, while the systemic
immune-inflammation index (SI) is calculated as the ratio of platelet
count to NLR.

Statistical Analysis

The post-hoc power analysis indicated that our study had a 91% power
with an alpha value of 0.05, as calculated using a network software
(https://clincalc.com/stats/Power.aspx). All statistical analyses were
performed using the Statistical Package for the Social Sciences (SPSS)
program (version 22.0; SPSS, Chicago, Illinois, USA). The Kolmogorov-
Smirnov test was utilized to ascertain the distribution characteristics of
the data. Normally distributed data are presented as meantstandard
deviation, while the non-normally distributed data are presented as
median (interquartile range). Categorical variables were compared
using the chi-square test or Fisher’s exact test. Results are presented
as percentages. The independent sample t-test was used to evaluate
the parametric scale variables, and the Mann-Whitney U test was used
to analyze the non-parametric scale variables. Receiver operating
characteristic (ROC) curve analysis was performed to establish the
cut-off value of biomarkers for predicting the need for ICU and the
presence of recent cardiac injury on CMRI. The optimal binning
procedure was applied to these variables to reduce the cardinality of
continuous and distinct data. A p value less than 0.05 was considered
statistically significant.

RESULTS

Among the study population, 25 patients (49%) were infected with
SARS-CoV-2 variants, including the alpha variant [n=16, (31%)], beta
[n=5, (10%)], and delta variants [n=4, (8%)]. Table 1 summarizes the
baseline characteristics.
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Table 1. Basal characteristics, clinical characteristics, and laboratory parameters of study group patients
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Variables All patients (n=51) Group 1 (n=16) Group 2 (n=35) p value
Patient characteristics
Age, years 53.1+12.7 56.8+11.6 51.3+10.6 0.077
Male, (n, %) 23 (45) 9 (56) 14 (40) 0.21
BMI 28 (24.8-32) 27.5(24.8-29.2) 27.9 (24.8-30.3) 0.022
Hypertension, (n, %) 21 (41) 7 (44) 14 (40) 0.52
Diabetes mellitus, (n, %) 15 (29) 5(31) 10 (28) 0.54
Hyperlipidemia, (n, %) 7 (14) 1(6) 6(17) 0.28
Current smoker, (n, %) 8 (16) 1(6) 7 (20) 0.2
Prior history of CAD (n, %) 7(14) 3(19) 4(11) 0.38
Prior history of stroke, (n, %) 102 0 1(3) 0.68
Heart failure, (n, %) 1(2) 1(6) 0 0.31
KD, (n, %) 5(10) 1(6) 4(11) 0.5
COPD, (n, %) 5(10) 3(19) 2(6) 0.17
Vital signs at rest
SBP, mmHg 122.12£16.1 121.81£14.5 122.43+16.8 0.76
DBP, mmHg 74.1+.9.7 71.719.2 72.719.8 0.42
Heart rate (beats/minute) 80.29+13.6 81.1£20.2 78+12.2 0.19
Respiratory rate 19.82+4.7 2316.7 19.842.5 0.003
Oxygen saturation level 88.18+11 76.21+14.7 90.2+1.9 <0.001
Temperature >38 °C, (n, %) 19 (33) 8 1 0.20
Initial symptoms
Cough, (n, %) 29 (57) 8 (50) 21(6) 035
Respiratory distress, (n, %) 27 (53) 12 (75) 15 (43) 0.03
Myalgia, (n, %) 24 (49) 8 (50) 17 (48) 0.58
Chest discomfort, (n, %) 10 (20) 1(6) 9 (26) 0.10
Palpitation, (n, %) 7(14) 2(12) 5 (14) 0.62
Treatments
Antivirals, (n, %) 50 (98) 16 (100) 34 (97) 0.68
Antibiotics, (n, %) 19 (37) 13 (81) 6(17) <0.001
IV steroids, (n, %) 32 (63) 15 (94) 17 (48) 0.002
Anticoagulants, (n, %) 50 (98) 16 (100) 34 (97) 0.68
Supplemental oxygen
Nasal cannula, (n, %) 15 (29) 6 (37) 9 (26) 0.29
Reservoir mask, (n, %) 16 (31) 10 (62) 6(17) 0.002
NIMV/high flow rate, (n, %) 10 (20) 10 (62) 0 <0.001
IMV, (n, %) 0 0 0
Initial laboratory measurements
Sample collection time and hours 17 (7-23) 16 (6-23) 18 (8-23) 0.69
WBC, x10%L 6.43 (4.86-8.87) 8.2 (6.9-12.5) 531 (4-8.4) <0.001
Neutrophil, x10%/L 4.46 (3.16-7) 7 (4.82-10.63) 3,53 (2.97-7.13) <0.001
Lymphocyte, x10°/L 1.12(0.73-1.37) 0.98 (0.69-1.4) 1.14 (0.71-1.37) 0.16
NLR 4.1(2.5-9) 9.35(3.87-15) 3.7 (2.97-7.13) 0.001
Creatine kinase, U/L 0.92+0.46 1.0+0.74 0.93+£0.35 0.69
GFR (mL/min/1.73 m?) 87.2124.8 82.3£29.5 87.4124.4 0.69
AST, U/L 25 (18-40) 26.5 (23.92-63.25) 30 (18.75-37.75) 0.031
ALT, U/L 23 (14-35) 27.4 (15.5-49.5) 25.5 (17.32-36.75) 0.043
Albumin, g/dL 4 (3.6-4.6) 3.2(2.98-3.75) 4 (3.77-4.35) <0.001
hs-cTnT, ng/L 5.24 (3-14.8) 23 (15.5-85.1) 4.67 (3-9.4) <0.001
CK-MB, ng/mL 1.66 (0.92-2.6) 2(1-6.2) 1.24 (0.82-2.51) 0.11
Procalcitonin, ng/mL 0.082 (0.05-0.12) 0.11 (0.09-0.33) 0.07 (0.039-0.13) <0.001
D-dimer, ng/mL 490 (280-1330) 1315 (632-2832) 485 (352.5-1080) 0.002
Ferritin, ng/mL 387 (123-1000) 973 (403-1265) 337.5(108-715) <0.001
Fibrinogen, mg/dL 5651+187.3 590.5+183.2 593.6+154.5 0.61
CRP, mg/dL 41.35(12-114.6) 116.7 (41.1-202.1) 50.65 (17.2-98.8) 0.011
SII 684 (442.7-966.1) 874 (680.8-1191.9) 570 (387.2-936.2) 0.024

BMI: Body mass index, CAD: Coronary artery disease, CKD: Chronic kidney disease, COPD: Chronic obstructive pulmonary disease, NYHA: New York Heart Association, SBP:
Systolic blood pressure, DBP: Diastolic blood pressure, NIMV: Non-invasive mechanical ventilation, IMV: Invasive mechanic ventilation, WBC: White blood cell count, NLR:
Neutrophil-to-lymphocyte ratio, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, hs-cTnT: High-sensitivity troponin T, CK-MB: Creatinine kinase myocardial

bind, CRP: C-reactive protein, SII: Systemic immune-inflammation index
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Group 1 patients experienced more respiratory distress as an initial
symptom than group 2 patients. Group 1 patients exhibited higher
RR, lower SpO, levels, and higher supplemental oxygen requirements
than group 2 patients, consistent with the more pronounced
respiratory distress. All patients received antiviral therapy. In the ICU
arm, the requirement for antibiotics and intravenous steroids during
hospitalization exceeded what would typically be anticipated given the
disease severity.

Systemic inflammation markers, such as CRP and PCT levels, were
significantly higher in group 1 patients. NLR, a crucial predictor of
COVID-19 severity, was significantly higher in ICU patients. D-dimer
and ferritin levels were also significantly higher in group 1. The SII,
which has previously been proven to indicate COVID-19 severity,
was significantly higher in group 1 patients. Hs-cTnT levels were
significantly higher in group 1 compared to group 2 patients.

The ROC curve was used to determine the predictive value of hs-cTnT,
NLR, D-dimer, ferritin, CRP, Sl levels, and ICU admission (Supplementary
Figure 1). The diagnostic accuracy of each of the significantly distinct

Inter Cardio Pers 2025;1(2):59-66

biochemical markers was validated by the area under the curve (AUC).
The hs-cTnT ROC curve for ICU admission prediction had an AUC of
0.91; the optimal cut-off value was 12.48 ng/L, with a 98% sensitivity
and 87% specificity [95% confidence interval (Cl): 0.83-0.98, p<0.001].
ICU admission was predicted by an NLR >3.2 with 81% sensitivity
and 62% specificity [AUC=0.79 (95% Cl: 0.64-0.93), p=0.001]. The
optimal cut-off values for D-dimer, ferritin, and CRP to predict ICU
admission were 660 ng/mL with a sensitivity of 75% and specificity of
75% [AUC=0.76 (95% Cl: 0.62-0.91), p=0.002]; 294 ng/mL, with a 93%
sensitivity and 52% specificity [AUC=0.81 (95% Cl: 0.69-0.93), p=0.001];
45.95 mg/dL with a 75% sensitivity and 68% specificity [AUC=0.72 (95%
Cl: 0.56-0.88), p=0.011], respectively. ICU admission was predicted by
Sl >683.2 with a 78% sensitivity and a 65% specificity [AUC=0.70 (95%
(l: 544-852), p=0.02]. We also evaluated fibrinogen and CK-MB levels;
however, no significant threshold values were identified for predicting
ICU admission.

Table 2 details the TTE and CMRI features of the study groups. On
TTE, LVEF and RV systolic functions were comparable between groups.
CMRI data revealed that functional parameters were similar for both

Table 2. Electrocardiographic, transthoracic echocardiographic, and cardiac magnetic resonance imaging findings of study group patients

Variables All patients Group 1 Group 2 p value
Echocardiographic findings

LVEF, % 59.1+£7.8 60.316 56.9+9 0.77
LVED diameter = mm 49+7 5117 50£10 0.42
RVED diameter = mm 30£3 3319 3044 0.64
PASP, mmHg 28.419 29.3153 30.4£8.7 0.69
TAPSE, mm 17.7+5.2 19£5.2 17.1+5.3 0.29
RV S velocity (mm/s) 12.48+3.2 13.9+2.8 114+2.8 0.12
Cardiac magnetic resonance imaging findings

LVEF, % 62.23110.26 60.44110.84 64.4219.9 0.46
LVEDV index (mL/m?) 62+14.8 65.64£13.91 53+£8.47 033
LVESV index (mL/m?) 37.7£8.38 39.31£9.33 34+7.4 0.94
LV CO index (I/min/m?) 2.82+0.53 3+0.58 2.57+0.5 0.28
LV mass index (g/m?) 54.2+8.6 50.98+10.92 54.78+8 0.43
Native T1 (ms) 1091£81.6 1102£81.2 1102+£78.5 0.89
Native T2 (ms) 50.14+3.9 50.5%3.9 48.93+4.8 0.76
EVF, % 34.92+11.34 34.26+9.8 36.38+14 0.59
RVEF, % 55.9+7.38 53.47+7.87 56.91+7.93 0.30
RVEDV index (mL/m?) 67.12+13 71.6%13 60.43+10.88 0.25
RVESV index (mL/m?) 37.42+8.52 382119 34.33+7.77 0.73
RV CO index (L/min/m?) 2.77%0.55 2.93+0.53 2.6+0.54 0.72
Late gadolinium enhancement findings

Non-ischemic fibrosis, (n, %) 27 (44) 12 (75) 15 (43) 0.03
Ischemic fibrosis, (n, %) 8(16) 3(19) 5(14) 0.48
Myocardial edema, (n, %) 7(14) 3(19) 4(11) 0.38
Pericardial effusion, (n, %) 13 (25) 3(19) 10 (28) 0.35
RV failure, (n, %) 12 (23) 4(25) 8(23) 0.56
Any injury, (n, %) 32 (63) 11 (69) 21 (60) 0.39

cQT: Corrected QT, LVEF: Left ventricular ejection fraction, LVED: Left ventricular end diastolic, LVES: Left ventricular end systolic, RVED: Right ventricular end
diastolic, PASP: Pulmonary artery systolic pressure, TAPSE: Tricuspid annular plane systolic excursion, RV: Right ventricle, LVEDV: Left ventricular end diastolic
volume, LVESV: Left ventricular end-systolic volume, LV CO: Left ventricle cardiac output, LV: Left ventricle, EVF: Extracellular volume fraction, RVEF: Right ventricular
ejection fraction, RVEDV: Right ventricular end diastolic volume, RVESV: Right ventricular end-systolic volume, RV CO: Right ventricle cardiac output
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groups. However, 32 patients demonstrated evidence of cardiac injury
on CMRI, including at least one of the following findings: myocardial
edema (n=7), pericardial effusion (n=13), RV failure (n=12), ischemic
(n=8) or non-ischemic fibrosis (n=27) on LGE imaging. CMRI images
of various myocardial injury patterns are presented in Supplementary
Figure 2. There was a significant difference between patients monitored
in group 1 and group 2 for non-ischemic fibrosis [n=12 (75%) vs. n=15
(43%); p=0.03].

The ROC curve demonstrated the predictive value of hs-cTnT for
detecting any injury identified on CMRI. The ROC curve for hs-cTnT
to predict cardiac injury had an AUC of 0.75; for the optimal cut-off
value of 47 ng/L with a sensitivity of 70% and specificity of 70% (95%
(l: 0.62-0.88, p=0.003). SlI also predicted cardiac injury at a threshold
above 936.4, with a sensitivity of 72% and specificity of 69% [AUC=0.72
(95% Cl: 592-865), p=0.01]. We did not find a significant association
between CMRI-detected cardiac injury and the following biomarkers:
NLR [AUC=0.55 (95% CI: 0.37-0.71), p=0.54], D-dimer [AUC=0.60 (95%
Cl: 0.44-0.76), p=0.22], ferritin [AUC=0.50 (95% CI: 0.33-0.67), p=0.69),
CRP [AUC=0.57 (95% Cl: 0.40-0.73), p=0.40], fibrinogen [AUC=0.46
(95% Cl: 0.29-0.64), p=0.69], or CK-MB [AUC=0.58 (95% CI: 0.41-0.74),
p=0.36] (Supplementary Figure 3).

DISCUSSION

Our findings indicate that patients with COVID-19 who required 1CU
admission exhibited more pronounced inflammatory and immune
responses compared to those who did not. Although no significant
abnormalities were detected on ECG and TTE, CMRI revealed frequent
evidence of cardiac involvement. Hs-cTnT and SII levels at admission
were substantially correlated with the need for ICU and recent cardiac
injury detected by CMRI in patients with COVID-19.

The inflammatory response is of significant relevance in COVID-19
progression. In a meta-analysis of inflammatory markers and
COVID-19 severity, CRP, PCT, IL-6, and the erythrocyte sedimentation
rate indicated a significant correlation with disease severity. In
COVID-19 patients, the NLR, an inflammatory marker, is linked to
a poorer outcome. Consistent with previous studies, our findings
showed that CRP, PCT, and NLR were associated with disease severity
and ICU admission. In addition to COVID-19, NLR plays a critical role
in the prediction of CV disorders. It is linked to increased mortality,
particularly in acute coronary syndrome patients, and is a strong
predictor of myocardial injury in severe COVID-19 patients.''
Although previous studies have shown an association, our study could
not find a statistically significant relationship between NLR and CMRI-
detected cardiac damage. However, some studies have reported that
these inflammatory markers may not always correlate with cardiac
injury, suggesting a more complex relationship that warrants further
investigation. For instance, a previous study reported a heterogeneous
relationship between inflammatory markers and cardiac involvement,
even among patients with elevated troponin levels, which may be
attributed to multifactorial underlying mechanisms."” This discrepancy
highlights the importance of interpreting inlammatory marker levels
in a broader clinical context.
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In a previous prospective study, CMRI was conducted to determine
myocardial involvement in patients who had recently been diagnosed
with COVID-19. CMRI was performed on 100 hospitalized or outpatient
patients, and cardiac involvement was detected in 78% of cases." Most
cases were due to myocardial inflammation, ischemia, and pericardial
involvement. Other studies have shown that 26% to 60% of COVID-19
patients exhibit cardiac involvement on CMRI, and these patients
experienced worse prognoses and higher mortality rates."®" Qur study
cohort only included in-hospital patients, and 32 of 51 patients (63%)
showed cardiac involvement on CMRI, which is concordant with the
findings of previous studies. Therefore, considering COVID-19 as a
respiratory system disease may lead to an underestimation of the true
extent of patient involvement. Particularly for hospitalized patients, a
thorough CV evaluation is necessary.

What we have known so far is that myocarditis is the most prevalent
diagnosis in COVID-19 patients, as shown on CMRIL? Although most
patients demonstrated normal ventricular functions in previous
studies, T1-T2 mapping abnormalities, myocardial edema, late
gadolinium uptake, pleural effusion, and perfusion deficits provided
evidence of cardiac injury in these patients. In a multi-center
prospective study of 1.216 hospitalized COVID-19 patients, 3% of the
study population was diagnosed with acute myocarditis.?! However,
in a meta-analysis examining CMRI findings of COVID-19 patients, the
prevalence of myocarditis was 14%, while that of LGE was 20%.% Thus,
echocardiography has limited diagnostic utility, whereas CMRI is more
valuable in detecting the underlying pathology. In our study, although
32 patients (63%) had fibrosis (either ischemic or non-ischemic) on CMRI,
only five exhibited LV dysfunction on echocardiography. This study
once again demonstrated that CMRI was superior to echocardiography
in identifying cardiac involvement and myocardial damage patterns.
We anticipated that ICU patients would have higher levels of cardiac
involvement on CMRI; nevertheless, the only significant difference
between the two groups was non-ischemic fibrosis. We ascribed this
to the typical non-ischemic pattern of LGE in myocarditis. Cardiac
involvement and the frequency of non-ischemic fibrosis on CMRI rose
in our study cohort as the disease worsened.

The SII has been frequently investigated for its prognostic value in
cancer patients. Because it represents the immune response and
systemic inflammation, it is a promising marker for understanding
the course of disease in COVID-19 patients. Our results are consistent
with a recently published study demonstrating the utility of the SII
in predicting the in-hospital prognosis and mortality of COVID-19
patients.?? Our findings indicate that SII is associated with both ICU
admission and CMR-detected cardiac injury, supporting its potential
broader use as a sensitive and specific biomarker in these contexts.

Studies have demonstrated that myocardial injury is defined by
elevated cardiac troponin value, and it is linked to an adverse
prognosis. It is known that hospitalized COVID-19 patients with cardiac
injury demonstrate elevated high-sensitivity cTnl (hs-cTnl) levels and
experience higher hospital mortality than those without injury.?
A retrospective study confirmed that non-survivors of COVID-19
demonstrated a higher peak level of hs-cTnl.?> Blood samples were
obtained for our study during the first 24 hours after patients’
complaints and at the time of hospital admission. A mildly elevated hs-
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cTnT below the 99" percentile upper reference limit (>12.48 ng/L)
on admission may indicate poor prognosis and be predictive of ICU
admission. Our results may provide relevant insights regarding the
prognostic utility of admission troponin levels for in-hospital outcomes.
Therefore, during the initial admission to the hospital, these patients
should be evaluated more carefully and prepared for possible clinical
deterioration.

Our data were consistent with the previous studies demonstrating the
relationship between higher cTnT release and positive LGE on CMRI.?
CMRI appointments were scheduled for patients considered to be
recovered, typically 4-6 weeks after discharge. A significant elevation
of hs-cTnT (>47 ng/L) on admission predicted CMRI-detected cardiac
injury shown even after the acute phase of the disease.

Study Limitations

Our study has certain limitations. First, our sample size was small due
to the limited availability of CMRI. The small number of patients in the
study and the possible unbalanced distribution of comorbidities may
have impacted the results. Second, we utilized admission troponin
levels because they were part of the criteria for ICU admission;
however, peak troponin levels would have provided greater value in
demonstrating the relationship with cardiac injury. Third, since the
COVID-19 virus and its alpha, beta, and delta variants emerged at the
time of the study, we could not evaluate current variant infections,
such as omicron. Fourth, opportunistic infections in addition to
COVID-19 in the ICU group may have influenced our results. Finally, we
could not evaluate the acute effect of COVID-19 using CMRI because of
ethical considerations aimed at minimizing exposure risk to healthcare
personnel.

CONCLUSION

In summary, COVID-19 induces pronounced inflammatory and
immune responses that lead to cardiac injury detectable on CMRI,
even in the presence of normal echocardiographic findings. A
comprehensive CV examination, including CMRI in selected patients, is
necessary, especially in hospitalized patients. Hs-cTnT and SIl levels are
useful and easily accessible markers that may aid in predicting both
ICU admission and cardiac injury.
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ABSTRACT

Background: While earlier studies have indicated that patients with coronary slow flow (CSF) tend to have favorable outcomes, long-term prospective data remain

limited.

Aim: This study aimed to assess the long-term clinical significance of CSF and its effect on cardiac function.

Study Design: A 5-year clinical follow-up was conducted to assess cardiac function in patients with CSF using both conventional and speckle-tracking

echocardiography.

Methods: Nineteen patients diagnosed with CSF were included. Echocardiographic and strain parameters were recorded at baseline and re-evaluated after five

years. Clinical follow-up was maintained throughout the study period.

Results: No significant changes were observed in echocardiographic or longitudinal strain parameters, all of which remained within normal limits. During the
follow-up, there were no cases of mortality, cardiac-related hospitalizations, or acute coronary syndromes.

Conclusion: Patients with CSF demonstrated preserved cardiac function and a favorable long-term prognosis. Ongoing medical treatment likely played a role in

maintaining these outcomes.

Keywords: Coronary slow flow, speckle-tracking echocardiography, strain imaging, long-term follow-up

INTRODUCTION

Coronary slow flow (CSF) is identified in approximately 2% of coronary
angiographic procedures, yet its clinical relevance and long-term
outcomes remain uncertain, and no standardized treatment guidelines
have been established.™ Several cross-sectional studies have examined
the impact of CSF on cardiac function. Comparative analysis using
echocardiographic techniques have found that left ventricular (LV)
volumes and function in these patients are generally comparable to
those of individuals without CSF.*” Some studies have investigated the
effects of pharmacologic therapies and treatment response, typically
evaluating coronary flow during short-term follow-up; however, long-
term data on ventricular function are limited.®" Additionally, no
prospective studies have assessed the extended effects of CSF. The exact
pathology of CSF remains poorly defined. Although multiple theories
have been proposed and explored, the underlying mechanism is not

fully understood. Known secondary causes of CSF include coronary
ectasia, coronary spasm, ventricular dysfunction, valvular heart disease,
and connective tissue disorders.>""> Nonetheless, CSF is considered a
distinct clinical entity, separate from these conditions. Although CSF
has occasionally been associated with ventricular arrhythmias and, in
rare cases, sudden cardiac death, it most commonly presents as acute
coronary syndrome. While it may contribute to morbidity, a direct link
to increased mortality has not been established. Although prior studies
indicate that patients with CSF generally have a favorable prognosis,
there is a lack of long-term prospective data on this condition.>'21
Speckle-tracking echocardiography (STE) is an advanced imaging
technique that allows semiautomatic assessment of LV function,
offering greater reproducibility and accuracy than conventional
echocardiographic methods. It has been shown to be more effective
in evaluating cardiac function and predicting cardiovascular
outcomes.” ™ In this study, we aimed to assess the effect of CSF on

Address for Correspondence: Mehmet Arslan MD, Department of Cardiology, Canakkale Onsekiz Mart University Faculty of Medicine,

(Ganakkale, Tirkiye
E-mail: mehmet_ma@hotmail.com ORCID ID: orcid.org/0000-0001-8785-7944

Cite as: Arslan M, Kayhan 00, Akgay Urkmez G, et al. Long-term follow-up of patients with coronary slow flow: a speckle-tracking echocardiography

study. Inter Cardio Pers. 2025;1(2):67-71

Copyright® 2025 The Author. Published by Galenos Publishing House on behalf of Society of Cardiovascular Interventions

Received: 03.03.2025
Accepted: 02.04.2025

Epub: 08.05.2025
Publication Date: 11.08.2025

This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License. 67


https://orcid.org/0000-0001-8785-7944
https://orcid.org/0000-0003-4148-4366
https://orcid.org/0000-0003-0924-352X
https://orcid.org/0009-0001-7814-0877
https://orcid.org/0000-0001-7348-3072
https://orcid.org/0000-0002-3562-2075

Arslan et al. Speckle Tracking in Coronary Slow Flow: Long-term Results

cardiac function and its clinical relevance by conducting a 5-year
clinical follow-up using both conventional echocardiography and STE.

METHODS

Study Population

This study was approved by the Canakkale Onsekiz Mart University
Clinical Research Ethics Committee (approval no: 2011-KAEK-
27/2018-E.1800184834, decision date: 16.01.2019) and conducted
in accordance with the Declaration of Helsinki. Written informed
consent was obtained from all participants. This prospective study
excluded patients with secondary causes of CSF, such as coronary
ectasia, coronary spasm, ventricular dysfunction, valvular heart
disease, and connective tissue disorders. Individuals with structural
cardiovascular conditions-including LV dysfunction, LV hypertrophy,
cardiomyopathies, or atherosclerotic coronary artery disease-were
not included. Additional exclusion criteria were the presence of atrial
fibrillation, valvular heart disease, congenital heart defects, pericardial
disease, or stage 3-4 hypertension. Patients with bundle branch block
on electrocardiography, a history of thoracic surgery, chronic systemic
or inflammatory conditions, or malignancy were also excluded. Based
on these criteria, 19 patients diagnosed with CSF were enrolled. At
baseline, all patients underwent both standard and STE. Clinical
follow-up continued for five years, after which echocardiographic
assessments were repeated using the same equipment and performed
by the same operators to maintain measurement consistency.

TIMI Frame Count and Definition of CSF

The diagnosis of CSF was established using the TIMI frame count
method, as described by Gibson et al.” A cardiologist blinded to clinical
details of the patients performed the frame count analysis. In this
method, the initial frame is defined as the point at which contrast dye
first enters the ostium of the coronary artery, and the final frame is the
one in which the contrast reaches the first bifurcation of the posterior
branch of the right coronary artery (RCA) and the distal bifurcations
of the circumflex (Cx) and left anterior descending (LAD) arteries. For
angiograms recorded at 30 frames per second, normal TIMI frame
counts are defined as 20.4£3.0 for the RCA, 22.2+4.1 for the Cx, and
36+2.6 for the LAD. The corrected TIMI frame count for the LAD is
obtained by dividing the LAD value by 1.7, with a normal reference
value of 21.1£1.5. The average TIMI frame count is calculated from the
values of all three major coronary arteries. Patients who showed CSF in
at least one of these vessels were classified as having CSF.?

Standard Echocardiography

Echocardiographic assessments were performed using a high-
resolution imaging system (Vivid 7, GE, USA). Measurements of LV and
left atrial (LA) dimensions followed the guidelines of the European
Society of Echocardiography.?’ The LA volume index and LV ejection
fraction were calculated using the modified biplane Simpson’s
method. Diastolic function was evaluated by recording early (E) and
late (A) diastolic LV filling velocities, along with E-wave deceleration
time, using Doppler imaging. Pulsed-wave Doppler of mitral inflow
and LV outflow were used to define the timing of mitral and aortic
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valve opening and closure. Tissue Doppler imaging (TDI) was employed
to measure the E' and A’ velocities at the lateral wall and septum. The
E/E’ ratio was calculated manually. Care was taken to optimize image
quality by reducing interference from extracardiac structures and
ensuring clear visualization of the myocardium.

Speckle-tracking Echocardiography

Speckle-tracking imaging was performed using grayscale B-mode
echocardiography at a minimum frame rate of 80 frames per second.
The cardiac cycle with the best image quality was selected for analysis,
and the LV endocardial borders were traced at end-systole. Speckle-
tracking analysis was carried out using an EchoPAC workstation (version
4.2.0, GE Vingmed Ultrasound AS, Horten, Norway). To measure global
longitudinal strain (GLS), apical four-chamber, apical long-axis, and
two-chamber views were acquired during breath-hold with continuous
echocardiography monitoring. The automatic function imaging
tool was used to define the regions of interest (ROI) by marking the
endocardial surface at the mitral annulus and apex. The software then
generated the epicardial surface and constructed the ROI, which was
manually adjusted when necessary (Figure 1). Each ROl was segmented
into six parts, and the software automatically assessed the tracking
quality. A 17-segment LV model was applied to calculate peak systolic
strain values, with end-systole identified as the point of aortic valve
closure in the apical long-axis view.? Final GLS values were presented
in a bullseye summary format (Figure 2).

Statistical Analysis

Statistical analyses were performed using Statistical Package for
the Social Sciences (SPSS) software, version 21.0 (SPSS Inc., Chicago,
IL, USA). Echocardiographic measurements and calculations were
independently assessed by two cardiologists. Descriptive statistics
were used to summarize the sociodemographic data of the study
population. The Wilcoxon signed-rank test was used to compare
baseline and follow-up parameters. A p value of <0.05 was
considered statistically significant.

FR= 54 fps

Figure 1. Marking the endocardial borders to define regions of interest
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RESULTS

A total of 19 patients were enrolled in the study. Baseline
echocardiographic and strain imaging data were collected 5 years
earlier, and patients were clinically monitored throughout the
follow-up period. Atthe end of the 5years, standard echocardiography
and strain imaging were repeated using the same echocardiography
system. However, repeat imaging could not be performed in the nine
patients. For these individuals, clinical status was assessed using
national health database records and follow-up phone interviews.

Notably, no deaths occurred during the follow-up period, including
among the nine patients who did not undergo repeat imaging. In
addition, none of the participants experienced a major acute cardiac
event over the 5 years. For the remaining 10 patients who completed
follow-up imaging, both standard and STE were conducted. The
demographic and clinical profiles of the study population remained
consistent, as presented in Table 1.

Peak Systolic Strain

Inter Cardio Pers 2025;1(2):67-71

At 5years, no statistically significant changes were detected in standard
echocardiographic measurements (Table 2). Likewise, longitudinal
strain values obtained through STE remained within normal limits
and showed no significant differences compared to baseline (Table 3,
Figure 3).

DISCUSSION

To our knowledge, this is the first study to provide a 5-year follow-
up on patients with CSF. The results show a positive prognosis for all
patients, with no reported deaths, cardiac-related hospitalizations, or
acute coronary syndromes during the follow-up. Echocardiographic
assessments showed no significant decline in LV function or volume
over time.

This study used STE, a sensitive imaging technique capable of detecting
early myocardial dysfunction even in patients with normal ejection
fractions.”" Importantly, strain parameters remained unchanged
from baseline to follow-up, reinforcing the idea that CSF does not lead
to progressive ventricular dysfunction. Although previous studies have
suggested that patients with CSF generally have a good prognosis, long-
term data on this condition have been limited.

Previous echocardiographic studies on CSF have mostly been cross-
sectional, providing only a snapshot of its effects rather than long-
term outcomes. These studies typically found that conventional
echocardiographic parameters were similar between CSF patients
and controls, but parameters indicating early myocardial dysfunction,
such as TDI and strain imaging, were slightly lower in CSF patients.*’
However, the lack of longitudinal data leaves uncertainty about the
clinical significance of these findings.

Table 2. Echocardiographic parameters of the study population

Parameters Baseline Follow-up value
n=10 n=10 P

Lgft ventricular diastolic 48.604544  48.8044.76 0959
. N . , diameter (mm)
Figure 2. Longitudinal strain bull’s-eye plot - -

' . ' Lgft ventricular systolic 35704241 35204239 0347

Table 1. Demographic characteristics of the study population (n=10) diameter (mm)
Variables Left ventricular ejection 59.09+4.11  5840+445  0.396

fraction (%)
Age (years) 50.60+38.68 - -

Posterior wall thickness (mm)  10.50+1.27  10.50+.0.97 0.943
Gender/male (%) 8 (80.0%) |

Interventricular septum

+ +
BMI (kg/m?) 29.391+4.81 thickness (mm) 10.40+1.26  10.60£1.51  0.669
2’

BSA (m?) 2.03£0.22 Left atrial diameter (mm) 36804535 34.7041.64 0181
Systolic blood pressure (mmHg) 130.30+11.99 Right ventricular diastolic 105513 31306419 0.953
Diastolic blood pressure (mmHg) 79.70+6.62 diameter (mm) T R '
Heart rate 72.20+7.42 Mitral inflow E wave (cm/s) 79.50+19.91  73.13£10.29 0.293
Smoking 60.0% (6) Mitral inflow A wave (cm/s) 74.50+15.69 72.38+£18.21 0.674
Alcohol 50.0% (5) Medial E' (cm/s) 10.38+2.92  9.88+£2.47 0.777
Hypertension 40.0% (4) Medial A" (cm/s) 1113196 1138130  0.715
Diabetes mellitus 30.0% (3) Lateral E' (cm/s) 10.63+3.02  10.25+3.20  0.435
Hyperlipidemia 50.0% (5) Lateral A" (cm/s) 12144273 10.71+£2.69  0.066

BMI: Body mass index, BSA: Body surface area

E: Early, A: Late
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Table 3. Strain parameters of CSF patients at baseline and 5-year follow-up

Variables ga:s1e2hne iz%r follow-up p value

Global longitudinal strain -20.79+2.24 -21.88+2.75 0.059

4 CH longitudinal strain -20.48+2.51 -22.34+2.51 0.093

3 CH longitudinal strain -21.14+2.39 -21.49+1.88 0.507

2 CH longitudinal strain -20.85+3.08 -22.03+5.18 0.114

CH: Chamber, CSF: Coronary slow flow

15 The stability of strain values over the 5-year period suggests that these
gaselne SySRTIENeaE treatments may have helped preserve cardiac function, although this

-7 '\ remains speculative. Previous cross-sectional studies have reported

N e similar medication use among CSF patients, and while not statistically

-19 e —

-21
-23
-25

-27

Figure 3. Global longitudinal strain at baseline and 5-year follow-up

Several pharmacological studies have evaluated the short-term effects
of various medications on CSF. Some have reported improvements in
symptoms and coronary flow following treatment.®"® For example, a
study on calcium channel blockers showed that anginal symptoms
improved in all patients after an average follow-up of 13.6 months.?
However, long-term evaluations of cardiac function in these patients
are missing. A prior study that followed patients with microvascular
disease and CSF for an extended period noted persistent symptoms
despite a generally favorable prognosis, though cardiac function was
not assessed in that study.**

Our study offers both long-term clinical follow-up and comprehensive
echocardiographic assessment. A recent retrospective observational
study examined the link between previous coronary events and long-
term outcomes in CSF patients. It found that only those with a history
of myocardial infarction had a worse prognosis, while CSF alone was
not associated with increased all-cause mortality.> In line with these
findings, none of the patients in our cohort had a history of myocardial
infarction, and all underwent coronary angiography due to anginal
symptoms. Our results further support the evidence that patients with
CSF, in the absence of prior myocardial infarction, have a favorable
long-term prognosis. Additionally, through objective prospective
measurements, we showed that their cardiac function remained stable
over time.

Although various pharmacological treatments have been explored for
tCSF81923.2%6 the clinical trials conducted thus far have been too small
to influence clinical guidelines. Currently, there is no standardized
treatment protocol for CSF. However, based on expert consensus and
previous research, statins and calcium channel blockers are commonly
prescribed. In our study, most patients were on these medications.
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significant, the slight improvements in strain values observed in
our study may indicate the potential benefits of long-term medical
management.

Study Limitations

This study has several limitations. First, the sample size was relatively
small, which may limit the generalizability of the results. A larger
cohort would provide more statistical power to detect subtle changes
in cardiac function over time. Second, echocardiographic follow-up
was not possible for all patients, as nine individuals could not undergo
repeat assessments. Although their clinical status was monitored
through national health records and phone calls, the lack of follow-
up echocardiographic data for these patients may have affected
the overall results. Third, while STE is a sensitive tool for assessing
myocardial function, its accuracy depends on image quality and
operator skill. Despite efforts to ensure high-quality imaging, minor
variations in image acquisition and analysis may still exist. Additionally,
although most patients were on medical therapy, the study did not
systematically assess the impact of different medications on clinical
and echocardiographic outcomes. Variations in medication adherence
or changes in treatment during follow-up could have influenced the
results. Finally, the study did not include a control group of healthy
individuals or patients with similar risk factors but without CSF. A
comparison with such groups would have provided more insight into
whether the observed findings were specific to CSF or influenced by
other factors.

Despite these limitations, this study provides valuable long-term data
on the prognosis and cardiac function of CSF patients, emphasizing the
need for further large-scale prospective studies to validate and expand
these findings.

CONCLUSION

Patients with CSF appear to have a favorable long-term prognosis,
with cardiac function remaining preserved over time. This suggests
that either medical treatment may have a protective effect or CSF
does not significantly impair myocardial perfusion to the extent that it
affects ventricular function. Large-scale prospective studies are needed
to confirm these findings and establish standardized management
strategies for CSF.
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CASE REPORT

Acute Stent Thrombosis and Myocardial Infarction in a
Postsplenectomy Patient with Thrombocytosis

© Mustafa Tunahan Oz, @ Adnan Kaya
Department of Cardiology, Bahgesehir University Faculty of Medicine, Istanbul, Tiirkiye

ABSTRACT

We report a case involving acute stent thrombosis in a patient with a history of splenectomy and thrombocytosis. The patient arrived with persistent chest pain and
vomiting. The electrocardiogram (ECG) revealed ST-segment elevation in leads D2, D3, AVF, and V4-V6. Primary percutaneous coronary intervention was carried
out using a 4.0x23 mm drug-eluting stent following loading doses of 300 mg acetylsalicylic acid and 600 mg clopidogrel. Adequate anticoagulation was ensured
with intravenous heparin, monitored by activated clotting time (ACT). An ACT of 258 was achieved within 10 min. The procedure was completed successfully, and
the patient was admitted to the intensive care unit. However, a follow-up ECG showed persistent ST-segment elevation, and the patient developed cardiogenic
shock with complete atrioventricular block. The patient was returned to the catheterization laboratory, where angiography confirmed stent thrombosis. Balloon
angioplasty was performed, and tirofiban was administered along with temporary pacing support. The patient was discharged 3 days after the initial procedure
with preserved left ventricular function. This case underscores that acute stent thrombosis can occur despite appropriate intervention and anticoagulation. In
patients with splenectomy and thrombocytosis, adequate platelet inhibition and anticoagulation may still be insufficient, increasing the risk of stent thrombosis.

Keywords: Acute stent thrombosis, interventional, myocardial infarction

INTRODUCTION

The causes of thrombocytosis are categorized as either primary or
secondary, with secondary (reactive) thrombocytosis being more
prevalent than primary.". Secondary thrombocytosis can result from
factors such as infections, iron deficiency, splenectomy, medications,
malignancies, inflammatory conditions, or hemolysis.? Most
individuals with secondary thrombocytosis remain asymptomatic and
follow a benign course.®> Nonetheless, in rare instances, it may lead to
thrombotic complications including acute myocardial infarction (MI),
mesenteric vein thrombosis, or pulmonary embolism. Thrombocytosis
following splenectomy accounts for about 1.6% of all cases.* Ml and
other vaso-occlusive events occur in fewer than 5% of patients with
secondary thrombocytosis.> In our patient, a stroke occurred 1 year
after splenectomy, followed by ST-elevation MI 6 years later, and
acute stent thrombosis developed just 10 min after a successful
percutaneous coronary intervention (PCl). We present this case to
illustrate acute stent thrombosis despite an optimized intervention
and anticoagulation strategy.

CASE REPORT

Clinical Presentation

A 58-year-old woman presented to the emergency department with
persistent chest pain, back pain, and jaw numbness lasting for 2 hours.
Her blood pressure was 90/65 mmHg, pulse rate was 52 beats/minute,
and oxygen saturation was 98%. The electrocardiogram (ECG) revealed
ST-segment elevation in leads V4-V6 and D2-D3, with reciprocal
ST-segment depression in V1-V2. Oral loading doses of 300 mg
acetylsalicylicacid and 600 mg clopidogrel were given. The patient was
then moved to the angiography suite. Coronary angiography identified
a 99% subtotal thrombotic occlusion of the right coronary artery
(RCA) and 80% stenosis of the circumflex artery (CX), which originates
from the right sinus (Figure 1). The left main coronary artery (LMCA)
appeared aneurysmal up to the D1 segment, and the left anterior
descending (LAD) artery was underdeveloped.
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Management

Predilatation of the RCA osteal region was done with a 4.0X20 mm
non-compliant (NC) balloon. A 4.0x23 mm drug-eluting stent was
then deployed, followed by postdilatation with a 4.0x20 mm NC
balloon. TIMI 3 flow was achieved and the procedure was completed
successfully. The patient was transferred to the intensive care unit;
however, her chest pain persisted and worsened 10 min later. Her vital
signs showed a pulse of 43 beats/minute and a blood pressure of 70/56
mmHg. A repeat ECG showed continued ST-segment elevation. Due to
ongoing ST-elevation in V4-V6, she was taken back to the angiography
suite. Temporary pacing was applied to the right ventricle, and
control coronary angiography was performed with pacing support.
This revealed total stent occlusion at the RCA ostium with thrombus
and distal bifurcation embolization. The ostial region was redilated
with 4.0x20 mm NC balloon (Figure 2). An intracoronary bolus of
32 pg tirofiban was administered. TIMI 3 flow was restored. After the
procedure, her chest pain resolved. A tirofiban (glycoprotein Iib/llla
inhibitor) infusion at 12 ug for 6 hours was initiated.

Medical History

The patient underwent an appendectomy in 2005. In 2019, she had
surgery for a right adnexal mass, which included total abdominal
hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and
splenectomy. That same year, she received four cycles of chemotherapy
with carboplatin and paclitaxel. Coronary angiography performed in
2019 showed a 30% plaque at the CX ostium and an aneurysmatic,
rudimentary LAD extending to the LMCA D1 level, for which medical
management was recommended. She experienced an ischemic stroke
in 2020.

The patient was informed that the procedures would be included in
a publication and provided written consent. No artificial intelligence
assistance was used in preparing this case report.

Follow-up of the Procedure

Twelve hoursafter the procedure, echocardiography showed an ejection
fraction of 45%, inferior wall hypokinesia, mild mitral regurgitation,
mild tricuspid regurgitation, and an enlarged ascending aorta
measuring 42 mm. Troponin 1 was 35,342.9 pg/mL (reference 0-15.6
pg/mL), decreasing to 16,914 pg/mL on the second day. Hemoglobin
was 11.1 g/dL (reference 12.2-16.2 g/dL), hematocrit 34.7% (reference
37.7-47.9%), white blood cell count 17.52 K/uL (reference 4.23-10.2 K/
uL), red blood cell count 4.12 M/uL (reference 4.04-5.48 M/uL), and
platelet count 546 K/uL (reference 142-424 K/uL). Prothrombin activity
was 83% (reference 70-130%) and the international normalized ratio
was 1.14 (reference 0.75-1.2). The patient was discharged on dual
antiplatelet therapy, which is considered sufficient to prevent further
complications.

Inter Cardio Pers 2025;1(2):72-74

Figure 1. The circumflex artery originates from the right sinus and shows 80%
narrowing in its midportion. The right coronary artery is nearly completely
occluded with thrombus

Figure 2. Acute thrombosis following percutaneous coronary intervention.
The thrombus resolved after tirofiban administration and balloon inflation
within the stent
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CONCLUSION

Acute stent thrombosis following PCl is an uncommon occurrence. In
this case, it developed in a patient with thrombocytosis secondary to
splenectomy. Postsplenectomy thrombocytosis is reported in about
90% of cases due to loss of splenic sequestration.® In this patient, a
stroke, ST-elevation MI, and acute stent thrombosis occurred after
splenectomy. Both predilatation and postdilatation were performed,
the stent was appropriately sized, and no residual stenosis was
detected. Therefore, the acute stent thrombosis was not procedural in
origin. It developed despite activated clotting time (ACT) monitoring.
Although periprocedural heparin dosing can vary, the optimal ACT
target is 300-350 seconds. The occurrence of acute stent thrombosis
after PCI may indicate suboptimal stent patency, and underlying
hematologic conditions should be evaluated.

Informed Consent: The patient was informed that the procedures
would be included in a publication and provided written consent.

Authorship Contributions: Surgical and Medical Practices: AK.,
Concept: A.K., Design: M.T.0., Data Collection or Processing: M.T.0.,
Analysis or Interpretation: A.K., Literature Search: M.T.0., Writing:
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ABSTRACT

Coronary artery fistulas represent a form of congenital coronary arteriovenous malformation. They originate from coronary arteries and most commonly drain into
the right atrium and right ventricle, with less frequent drainage into the coronary sinus or pulmonary trunk. Clinical manifestations are influenced by the extent of
the left-to-right shunt, which can result in ischemia due to diversion of blood from the nearby myocardium, despite the absence of atherosclerotic coronary artery
disease. Coronary angiography continues to be the primary method for diagnosis and enables the interventional closure of these fistulas. Current congenital heart
disease guidelines recommend considering both symptoms and fistula size when determining the need for closure. This report represents three patients evaluated

in our outpatient clinic who underwent successful treatment with percutaneous coil embolization.

Keywords: Coronary artery fistula, symptomatology, coil embolization

INTRODUCTION

A coronary artery fistula (CAF) is a type of congenital coronary
arteriovenous malformation. It represents an uncommon abnormal
connection between one or more coronary arteries and a cardiac
chamber or a major vessel.! The overall incidence in the general
population is approximately 0.002%. Among individuals undergoing
coronary angiography (CAG), it is identified in about 0.2-0.6% of cases.?
In nearly 50-60% of instances, CAF originates from the right coronary
artery (RCA). The left anterior descending (LAD) coronary artery is
the second most common origin, accounting for approximately 25-
42% of cases, while the circumflex (Cx) coronary artery is involved
in about 18%.> These fistulas most frequently drain into the right
atrium (RA) and right ventricle (RV), with occasional drainage into the
coronary sinus (CS) or pulmonary trunk. Although they are generally
asymptomatic and without complications, the likelihood of adverse
outcomes increases with age. Clinical manifestations depend on the
extent of the left-to-right shunt, which can lead to myocardial ischemia
due to diversion of blood away from the surrounding myocardium,
despite the absence of atherosclerotic coronary artery disease.* In this
report, we present three patients diagnosed with this rare congenital
anomaly at our outpatient clinic. Through this case series and review,
we aim to emphasize that physicians should be vigilant for CAFs when
interpreting CAG images in patients with normal or non-obstructive

coronary arteries, particularly in those presenting with symptoms, as
these anomalies may be easily overlooked.

CASE REPORTS

The first patient was a 53-year-old woman with diabetes who had been
experiencing stable angina pectoris for 6 months and was evaluated
in our outpatient clinic. Her chest pain was retrosternal, exertional in
nature, radiated to the left arm, and associated with dyspnea. During
the exercise stress test, significant ST segment depression occurred
alongside angina symptoms. CAG demonstrated normal coronary
arteries, except for a CAF arising from the LAD artery. Multislice
computed tomography (CT) imaging (Figure 1) revealed that the CAF
was located between the second diagonal branch of the LAD artery
and the main pulmonary artery (PA). Given the presence of typical
angina and documented myocardial ischemia, percutaneous coil
embolization of the fistula was planned.

The second patient was a 61-year-old woman with hypertension
and a family history of cardiovascular disease, who presented with
stable angina pectoris of three months’ duration. Her chest pain was
retrosternal, exertion-induced, and radiated to the neck. She was
unable to complete the exercise stress test due to severe dyspnea and
fatigue, achieving a maximum of 5 metabolic equivalent of tasks. CAG
revealed normal coronary arteries except for two CAFs, originating
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from both the LAD artery and RCA. Multislice CT imaging (Figure 2)
showed that one fistula was between the first septal branch of the
LAD artery and the PA, while the other was between the conus branch
of the RCA and the PA. Based on the presence of typical angina and
confirmed myocardial ischemia, percutaneous coil embolization was
planned for both fistulas.

The third patient was a 74-year-old man with diabetes who presented
with new-onset angina pectoris and dyspnea that had persisted for
10 days. His symptoms were triggered by prolonged exertion. CAG
showed normal coronary arteries except for a CAF originating from
the Cx artery. Multislice CT imaging (Figure 3) revealed that the CAF
was located between the Cx artery and the entry of the left inferior
pulmonary vein (LIPV) into the left atrial cavity. Given the presence of
typical symptoms consistent with unstable angina, percutaneous coil
embolization of the fistula was scheduled. For all patients, secondary
causes of ischemia-such as anemia, thyrotoxicosis, and severe
hypertension-were excluded.

After selective catheterization of the coronary ostium using a 6-French
guiding catheter, a 260-cm-long, standard 0.014-inch coronary
angioplasty guide wire was advanced. Using an external torque
device, the wire was navigated to the distal portion of the fistula. A
1.7 F microcatheter (Headway 17 Advanced Microcatheter, Microplex®)
was then threaded over the guide wire, through which Microplex 10®
platinum endovascular embolization coils were delivered to occlude
the fistula. The coils were deployed using a V-grip detachment
controller. Coil diameter was selected to be 1.5-2 times the diameter
of the narrowest part of the fistula to minimize the risk of migration.
The number of coils used depended on the length of the fistula and
the need to achieve full cessation of flow. Coils were deployed until
complete occlusion was confirmed by angiography, with no contrast
passing through the fistula. In the first patient, 2.5 X 4 cm, 2.0 X 4
c¢m, 3.0 X 4 cm, and 2.0 X 6 cm microcoils were placed. In the second
patient, 2.5 X 6.cm, 2.0 X 2 cm, and 3.0 X 6 cm microcoils were placed.
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In the third patient, 2.5 X 6 cm, 2.0 X 4 cm, 2.0 X 4 cm, 1.5 X 2 cm,
and 3.0 X 6 cm microcoils were placed. The procedure was concluded
once the fistula tract was completely filled and no residual flow was
observed. Follow-up angiography confirmed complete occlusion of the
fistulas in all three patients (Figures 4a, 4b, 4¢).

Aspirin monotherapy was started in all three patients. At the 1-month
follow-up, anginal symptoms had subsided in all cases. The patients
were monitored for 1 year without the emergence of new or worsening
symptoms.

DISCUSSION

This case report and review article aim to highlight three considerations
regarding CAFs. First, CAF should be considered in patients who
present with typical cardiac symptoms despite having normal or non-
obstructive coronary arteries. Second, both the symptom profile and/
or the size of the fistula are important determinants when evaluating
the need for closure. Third, percutaneous transcatheter closure
(TCQ) remains the primary treatment approach for CAFs when not
contraindicated.

CAF accounts for up to half of all coronary artery anomalies and is
considered the most hemodynamically significant among them.> As
noted earlier, the most common origin of CAFs is the RCA, followed by
the LAD and Cx arteries. While most CAFs involve a single connection,
cases with multiple fistulas have also been documented.® In our series,
the fistulas originated from the LAD and Cx arteries, with one case
showing dual origins from both the RCA and LAD artery.

The drainage site of the fistula holds greater clinical significance
than its origin, as it is directly related to the severity of symptoms.
Approximately 90% of fistulas drain into the low-pressure regions of the
cardiovascular system, most commonly the RV in 45% of cases, followed
by the RAin 25%, the PA in 15%, and then the superior vena cava and CS,
respectively.” In our series, two patients had fistulas draining into the

Figure 1. CAG and multislice CT images showing the CAF between the second diagonal branch of the LAD artery and the main PA

CAG: Coronary angiography, CT: Computed tomography, CAF: Coronary artery fistula, LAD: Left anterior descending, PA: Pulmonary artery
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PA, and one had a fistula draining into the junction of the LIPV and the
RA. The remaining 10% of fistulas drain into the left side of the heart.®
Additionally, there are reports in the literature describing CAF drainage
into the pericardial space.® Aside from the drainage site, the shunt
volume also shows a strong correlation with clinical presentation. One
of our patients exhibited significant exertional dyspnea accompanied
by pronounced contrast opacification on CAG. Although we did not
perform a direct assessment of shunt volume, based on the symptoms
and the presence of myocardial ischemia observed in stress testing, the
shunt volume may retrospectively be considered clinically significant
in all three patients.

Clinical Presentation

The majority of patients remain asymptomatic. When present, clinical
manifestations may include exertional or resting dyspnea, angina
pectoris, arrhythmias, thrombosis, embolism, myocardial infarction
(MI), and heart failure. In rare instances, pericardial effusion and

-
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sudden death may be the initial presentation.*'*"" Some cases have
reported aneurysm formation and spontaneous rupture of the fistula.’
Breathlessness and signs of congestive heart failure are typically
associated with a large left-to-right shunt, which is an uncommon
finding in older individuals." MI can also occur due to reduced blood
flow distal to the fistula, even in the absence of coronary atherosclerosis.
The mechanism thought to underlie this ischemia is coronary steal,”
which leads to reduced perfusion of the adjacent myocardium.™ In
our cases, based on clinical symptoms and findings from the stress
test, we concluded that myocardial perfusion was impaired and this
contributed to MI.

Physical Examination

The primary finding on physical examination is a continuous murmur
that is louder during diastole.” This murmur has as crescendo-
decrescendo pattern. The site where the murmur is loudest can
provide clues about the drainage location. If the murmur is loudest

Figure 2. CAG and multislice CT images depicting the CAF between the first septal branch of the LAD artery and the PA; a second CAF between the conus branch

of the RCA and the PA

CAG: Coronary angiography, CT: Computed tomography, CAF: Coronary artery fistula, LAD: Left anterior descending, PA: Pulmonary artery, RCA: right coronary artery
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at the lower sternal border, the fistula likely drains into the RA. When
it is loudest near the left upper sternal border, drainage is into the PA
is suggested. If the loudest point is near the apex, drainage into the
left ventricle should be considered.'®" Additional signs such as an S3

Inter Cardio Pers 2025;1(2):75-81

gallop or rales may also be present depending on clinical conditions.
Continuous murmurs can also occur in other conditions including
patent ductus arteriosus, pulmonary arteriovenous fistula, ruptured
sinus of Valsalva aneurysm, and systemic arteriovenous fistula.

Figure 3. CAG and multislice CT images of the CAF between the Cx artery and the opening of the LIPV into the left atrial cavity

CAG: Coronary angiography, CT: Computed tomography, CAF: Coronary artery fistula, Cc: Circumflex, LIPV: Left inferior pulmonary vein

Figure 4. (a, b, ¢) CAG images following the procedure

CAG: Coronary angiography
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Therefore, further evaluation with various cardiac imaging techniques
is necessary for differential diagnosis.

Diagnosis

Ischemic changes can be observed on electrocardiography (ECG) due to
reduced myocardial perfusion. Although rare, atrial fibrillation and left
or right ventricular hypertrophy may also be present. In our cases, no
ECGabnormalities were detected at rest; however, significant ST segment
depression appeared during the stress test in the first patient.”"”1
Echocardiography may show chamber enlargement caused by volume
overload or myocardial dysfunction-either regional or global-resulting
from ischemia.”™®2 In the third patient, echocardiography revealed
global hypokinesis in the absence of atherosclerotic coronary artery
disease.

Additional cardiac imaging methods include multislice CT and
magnetic resonance imaging (MRI)."® Compared to MRI, CT is more
practical to perform, being faster and offering higher resolution. It
clearly visualizes the boundaries of the fistulas, and with the latest
multislice CT scanners, even smaller coronary branches can be
detected. We chose multislice CT to delineate the anatomy. The primary
limitation of CT is radiation exposure. MRI can also be used to visualize
the anatomy and detect ischemic myocardium through stress thallium
studies.?’ Among these options, CAG remains the primary diagnostic
method and also enables interventional closure of the fistulas. Figure
5 shows the diagnostic algorithm for CAFs.

Management and Treatment

CAFs can be classified as small (mild), medium (moderate), or large
based on their diameter being <1, >1-2, or >2 times the largest
diameter of the coronary vessel not supplying the CAF, respectively.?
Since most fistulas are small and hemodynamically insignificant,
a follow-up approach may be suitable, especially for small fistulas
that are incidentally found and asymptomatic.” The 2008 American
College of Cardiology and American Heart Association guidelines
for managing adults with congenital heart disease (Figure 6)
emphasize symptom presence and/or fistula size as key criteria for
closure. Proximal CAFs tend to be large, whereas distal fistulas are
usually smaller and more tortuous. Large CAFs should be closed
regardless of symptoms (class 1, level of evidence, ). Closure is
also recommended for mild to moderate fistulas if symptoms
are associated with documented MI, arrhythmias, unexplained
ventricular dilation or dysfunction, or if complicated by endocarditis
(class 1, level of evidence, ). Small, asymptomatic fistulas should
not be treated (class 3, level of evidence, C). Clinical monitoring with
echocardiography every 3-5 years may be helpful in these patients to
detect the onset of symptoms, arrhythmias, or progression in size or
chamber enlargement that could affect management (class 2a, level
of evidence, C).2 Because CAFs tend to enlarge with age, early closure
is advised in symptomatic patients.* The management algorithm for
CAFs is presented in Figure 6. Since all three of our patients were
symptomatic, we opted for closure of the fistulas.

Treatment options include either surgical intervention or TCC.
Due to higher morbidity risk and longer hospital stay associated
with open-heart surgery, we selected TCC for our patients. Several
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contraindications exist for TCC, such as very young age (because
of small coronary arteries), a large and wide fistula, aneurysmal
formation, the presence of large vascular branches that risk accidental
embolization, and the requirement for other concurrent cardiac
surgery.?2?> None of our patients had any contraindications for TCC.
Catheter-based closure methods include detachable balloons, stainless
steel coils, controlled-release coils, controlled-release patent ductus
arteriosus coils, patent ductus arteriosus plugs, regular and covered
stents, and various chemicals.® We used controlled-release coils and
successfully closed the CAFs.

Complications may arise from catheter manipulation, such as
coronary artery spasm, dissection, and perforation. Coil migration
can occur due to high flow in large CAFs or of coils are undersized.
This can be prevented by choosing coils that are 10-20% larger than
the fistula diameter.' Patients with cardiovascular risk factors-such
as hypertension, diabetes mellitus, advanced age, hyperlipidemia,
and tobacco use-are more prone to long-term complications after
CAF closure, including MI and cardiomyopathy.?2?® These factors also
influence prognosis. Ml is a significant complication, occurring in about
10% of patients with large CAFs following closure. Aneurysmal dilation
of proximal coronary artery segments that develop in large distal CAFs
is at risk of thrombus formation due to stagnant flow after successful
closure.”? In such cases, initiating long-term oral anticoagulation
indefinitely may be advisable.

A heparin bolus of 70 1U/kg is recommended during the procedure
to maintain an activated clotting time >250 sec and help prevent
catheter-related thrombotic complications. However, there is limited
data regarding the use of long-term antiplatelet or anticoagulant
therapy following coil embolization. Most recommendations
are derived from case series and expert opinions. The usual
antithrombotic treatment after coil embolization of CAFs involves
single antiplatelet therapy with low-dose aspirin.?’ In certain cases,
such as patients who have other indications for anticoagulation,
therapeutic anticoagulation with vitamin K antagonists or direct
oral anticoagulants may be continued. Combining anticoagulation
with aspirin might be considered, especially when coil size is small
or residual flow persists.?? For more complex cases, including large
fistulas or those with aneurysmal components, dual antiplatelet
therapy with aspirin and clopidogrel, or anticoagulation, may be
necessary to reduce thrombotic risk. These recommendations aim
to balance protection against thrombosis with the risk of ischemic
complications, with treatment decisions individualized according to
fistula features and patient comorbidities.

Prognosis and Follow-up

Patients who have undergone closure of a CAF generally show a
good prognosis regardless of the closure technique used. Prognosis
mainly depends on the shunt volume and associated clinical factors
such as heart failure, pulmonary hypertension, and the extent of the
myocardial ischemia.?® Recurrence rates after percutaneous closure
range from 9% to 19%, while surgical closure has a recurrence rate
of about 25%.° Echocardiographic follow-up is advised 1 month
after either percutaneous or surgical closure. If the patient remains
symptom-free, follow-up intervals can be lengthened. Patients should
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also be monitored for bacterial endocarditis, which has an estimated

an

nual risk of 0.25% per patient.*

CONCLUSION

CAF accounts for up to half of all coronary artery anomalies. It should
be considered in patients presenting with typical cardiac symptoms
despite having normal or non-obstructive coronary arteries. CAG
remains the gold standard for diagnosis. A follow-up approach is

su

itable for managing asymptomatic, small, and hemodynamically

insignificant fistulas. The decision to close a fistula depends on
symptom presence and/or fistula size. Percutaneous TCC is the
preferred intervention unless there are contraindications.
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INTRODUCTION

A 43-year-old male patient with a known history of hypertension
presented to the emergency department of an external center with
chest pain. He was referred to our hospital for coronary angiography
with a diagnosis of acute lateral myocardial infarction (MI), based
on ST elevation in leads D1, AVL, and V5-6, and reciprocal ST
depression in leads D2, D3, and arteriovenous fistulas (AVF) on his
electrocardiography (ECG) (Figure 1). Upon arrival at our clinic, the
patient was promptly taken to the catheterization laboratory. He
reported relief of chest pain, and coronary angiography revealed no
lesion in the right coronary artery. No total occlusion was observed in
the left anterior descending (LAD) or circumflex (CX) arteries during left
coronary system imaging. However, a lesion in the proximal LAD was
notable (Figure 2). The patient reported that his chest pain persisted,
although less intense. The ECG also showed persistent ST elevation.

Therefore, based on the persistent ischemic findings on ECG, the LAD
was wired, and percutaneous transcatheter coronary angioplasty
(PTCA) was performed at the proximal lesion. The thrombus at the
LAD lesion site had occluded the ostium of the diagonal artery (DG),
and PTCA at this site restored flow in the DG. Subsequently, a 3.0 X
26 mm drug-eluting stent with optimal apposition was implanted at
the culprit lesion in the LAD. Proximal optimization was performed

with a 3.5 X 12 mm non-compliant balloon. LAD-DG kissing PTCA was
then carried out, and the LAD stent was further optimized. Control
images confirmed restoration of distal flow in both the LAD and the
DG (Figure 3). The patient’s chest pain resolved, and the procedure was
successfully completed.

Lateral Ml is diagnosed on ECG by ST elevation in leads D1, AVL, and
V5-6, with reciprocal ST depression in leads D2, D3, and AVF. Early
revascularization significantly improves clinical outcomes.! Moreover,
percutaneous intervention has shown better results than fibrinolytic
therapy.? Hreybe et al. reported an increased risk of ventricular
fibrillation in patients presenting with anterior and lateral MI.% Lateral
MI may result from obstruction of the obtuse marginal artery, DG,
or ramus intermedius. In our case, although the DG—completely
occluded—was not visible on coronary angiography, it became
apparent after LAD PTCA, guided by ECG findings.

In conclusion, in patients presenting with lateral Ml who have a
high risk of ventricular arrhythmia, if relatively smaller vessels or
side branch disease cannot be detected on coronary angiography,
ECG findings should be relied upon. The ramus intermedius should
be sought, and if a lesion is identified in the LAD or CX, PTCA should
be performed in that region to reveal a possible side branch lesion
responsible for the ischemia.
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Figure 1. ST elevation in leads D1, AVL, and V5-6, with ST depression in leads D2, D3, and AVF on ECG
ECG: Electrocardiogram

t

Figure 2. (A) Left caudal view. B) Right caudal view. C) Right cranial view showing a proximal LAD lesion, without total occlusion. D) Left cranial view, showing no
totally occluded vessel

LAD: Left anterior descending
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Figure 3. (A) PTCA performed at the proximal LAD lesion site. B) Restoration
of flow to the diagonal artery after PTCA. C) PTCA of the diagonal artery. D)
Stent implantation at the proximal LAD lesion site. E) POT with an NC balloon
in the LAD stent. F) Left cranial view showing restored flow in the LAD and DG
PTCA: Percutaneous transcatheter coronary angioplasty, LAD: Left anterior
descending, DG: Diagonal artery
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