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Cardiovascular Biomarkers in
Contemporary Cardiology: Clinical
Applications, Emerging Markers, and
Future Perspectives

Dr. Muammer KARAKAYALI?

Abstract

Cardiovascular diseases encompass a broad spectrum of pathological processes that cannot be
adequately described by a single biological variable. Myocardial injury, ventricular wall
stress, atherogenic lipid exposure, inflammation, thrombosis, oxidative damage, fibrosis,
metabolic abnormalities, and renal dysfunction frequently coexist and interact throughout the
course of cardiovascular disease. The increasing availability of circulating biomarkers has
therefore provided clinicians with an opportunity to characterize these processes beyond
conventional clinical examination and imaging.

Some biomarkers, particularly high-sensitivity cardiac troponins and natriuretic peptides, have
already become fundamental components of cardiovascular practice. Others, including
lipoprotein(a), inflammatory biomarkers, fibrosis-related proteins, oxidative stress markers,
and composite hematological indices, are being investigated for their ability to refine
diagnosis and prognostic assessment. Importantly, the clinical relevance of a biomarker
should not be determined solely by the strength of its statistical association with
cardiovascular outcomes. Analytical reliability, biological specificity, incremental predictive
value, external validation, and the ability to alter clinical management are equally important.

This chapter reviews the major applications of cardiovascular biomarkers and discusses the
transition from conventional single-marker strategies toward integrated biomarker models.
Particular attention is given to accessible composite indices, including the systemic immune-
inflammation index and hemoglobin-albumin-lymphocyte-platelet score, as well as oxidative
stress markers such as malondialdehyde. Finally, the potential contribution of proteomics,
metabolomics, artificial intelligence, and multimarker approaches to future cardiovascular risk
assessment is considered.

Keywords: cardiovascular biomarkers; cardiac troponin; natriuretic peptides; inflammation;
oxidative stress; HALP score; systemic immune-inflammation index; lipoprotein(a);
cardiovascular risk; precision medicine.

1 Dogent Doktor, Kafkas Universitesi Tip Fakiiltesi Kardiyoloji Anabilim Dali

—1--



1. Introduction

The biological phenotype of a cardiovascular patient is considerably more complex than can
be represented by conventional clinical variables alone. Two individuals with apparently
similar coronary anatomy, ventricular function, or clinical presentation may have substantially
different inflammatory, thrombotic, metabolic, or myocardial injury profiles. This
heterogeneity is one of the major reasons why cardiovascular outcomes may vary
considerably despite apparently similar treatment strategies.

Biomarkers provide a means of describing this hidden biological variability.

In contemporary cardiovascular medicine, biomarkers are used for several distinct purposes.
They may assist in establishing a diagnosis, identify patients at increased risk of adverse
outcomes, monitor disease progression, estimate treatment response, or characterize a specific
biological phenotype. However, these applications should not be considered interchangeable.
A biomarker that predicts mortality does not necessarily identify patients who will benefit
from a particular therapy.

The evolution of cardiovascular biomarkers can be viewed as a progression through several
stages. Early clinical practice relied predominantly on relatively nonspecific biochemical
measurements. The subsequent introduction of cardiac troponins provided a highly sensitive
method of detecting myocardial injury, while natriuretic peptides introduced a biochemical
approach to the assessment of cardiac wall stress. More recently, cardiovascular research has
expanded toward inflammation, fibrosis, oxidative stress, metabolism, renal injury, and
immunological activation.

This expansion has also created a new challenge. The number of potentially relevant
biomarkers is increasing much faster than the evidence supporting their routine clinical use.
Consequently, the central question is no longer whether a particular biomarker is associated
with cardiovascular disease, but whether measuring it provides information that is sufficiently
reliable and clinically actionable to justify incorporation into patient care.

2. Biological Domains Reflected by Cardiovascular
Biomarkers
A useful way to understand cardiovascular biomarkers is to classify them according to the

biological process they represent rather than according to the laboratory technique used to
measure them.

Table 1. Principal biological domains and representative cardiovascular
biomarkers

Biological domain Rel?resentatlve Potential clinical role
biomarkers
Myocardial injury hs-cTnl, hs-cTnT Acute myocardial injury, ACS

diagnosis, prognosis
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Representative

Biological domain Potential clinical role

biomarkers

Hemodynamic stress BNP, NT-proBNP Heart fa}lure diagnosis and
prognosis

Atherogenic lipoprotein LDL-C, ApoB, non-HDL- ASCVD risk assessment
burden C, Lp(a)
Inflammation hs-CRP, IL-6, SII Residual inflammatory risk
Oxidative injury MDA and related markers Emerging prognostic assessment
Fibrosis/remodeling sST2, galectin-3 Heart failure phenotyping
Renal/cardiorenal injury ?ystatm ¢, NGAL, KIM- Cardiorenal risk assessment
Hematological/nutritional HALP, NLR, PLR Emerging risk stratification

status

This classification illustrates an important concept: biomarkers may be complementary
because they measure different aspects of the same disease process.

For example, cardiac troponin reflects myocardial injury, whereas NT-proBNP primarily
reflects myocardial wall stress. An inflammatory index may provide information about
systemic immune activation, while an atherogenic lipid marker reflects the chronic exposure
of the arterial wall to circulating lipoproteins. Combining such information may theoretically
provide a more complete representation of cardiovascular risk than relying on one biological
pathway.

3. High-Sensitivity Cardiac Troponin: Detecting
Myocardial Injury

Cardiac troponins represent one of the most successful examples of biomarker research
becoming an indispensable part of clinical medicine.

Troponin I and troponin T are components of the cardiac contractile apparatus and can be
detected in the circulation following myocardial injury. The development of high-sensitivity
assays has substantially improved the ability to identify small degrees of myocardial injury
and has shortened the diagnostic pathway for patients presenting with suspected acute
coronary syndrome (ACS) [1,2].

The Fourth Universal Definition of Myocardial Infarction emphasizes an important distinction
between myocardial injury and myocardial infarction. An elevated troponin concentration
indicates myocardial injury, whereas myocardial infarction requires evidence that the injury
occurred in the setting of myocardial ischemia [1].

This distinction has become particularly important with high-sensitivity assays. Increased
troponin concentrations may be observed in many conditions other than acute coronary
occlusion, including heart failure, tachyarrhythmias, pulmonary embolism, myocarditis,
severe hypertension, shock, sepsis, and kidney disease.
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Thus, the clinical interpretation of hs-cTn should be based on the combination of:

o the absolute concentration;

o the change over time;

o the clinical presentation;

e electrocardiographic findings;

e imaging findings; and

o the probability of an ischemic mechanism.

The strength of troponin therefore lies not simply in its analytical sensitivity but in the way
serial measurements can be incorporated into a clinical diagnostic algorithm.

The 2023 ESC ACS guideline supports the use of high-sensitivity troponin-based rapid
diagnostic pathways in patients with suspected ACS [2].

4. Natriuretic Peptides and the Hemodynamic Phenotype

If troponin can be regarded as a biomarker of myocardial injury, natriuretic peptides provide a
different biological perspective by reflecting myocardial wall stress.

BNP and NT-proBNP are released predominantly in response to increased myocardial wall
tension. Their diagnostic value is particularly important in patients presenting with dyspnea,
in whom distinguishing cardiac from non-cardiac causes may be challenging.

The 2021 ESC heart failure guideline recommends natriuretic peptide measurement as part of
the diagnostic evaluation of suspected heart failure [3]. Low concentrations are particularly
useful for making heart failure less likely, while elevated concentrations require interpretation
in the context of age, renal function, rhythm, body habitus, and other clinical characteristics.

Atrial fibrillation, increasing age, and renal dysfunction can increase natriuretic peptide
concentrations, whereas obesity may lead to unexpectedly low values [3]. Therefore, an
elevated concentration should not be interpreted as a diagnosis in isolation.

Natriuretic peptides also have an established prognostic role. Their concentrations provide
information regarding future cardiovascular events and mortality in patients with established
heart failure [3,4].

Interestingly, the clinical evolution of natriuretic peptides demonstrates a broader principle
applicable to many biomarkers: their greatest usefulness is achieved when biochemical
information is integrated with clinical assessment rather than interpreted independently.

5. Lipid-Related Biomarkers and Residual Atherosclerotic
Risk



Lipid biomarkers occupy a special position within cardiovascular medicine because some of
them are not simply predictors of disease but reflect causal pathways that can be
therapeutically modified.

LDL cholesterol is the most established example. Extensive genetic, epidemiological, and
randomized trial evidence supports a causal relationship between exposure to LDL-containing
lipoproteins and atherosclerotic cardiovascular disease [5].

However, LDL-C does not always accurately represent the total number of circulating
atherogenic particles. Apolipoprotein B reflects the number of atherogenic particles and can
therefore provide additional information in selected patients, particularly when triglyceride
concentrations are elevated or LDL-C and particle burden are discordant [6].

Lipoprotein(a) has emerged as another important biomarker. Its concentration is
predominantly genetically determined and is associated with both atherosclerotic
cardiovascular disease and calcific aortic valve disease [7]. Unlike many emerging
biomarkers, Lp(a) therefore represents a biologically distinct component of cardiovascular
risk that is relatively independent of conventional lipid measurements.

The concept of residual risk is particularly relevant here. Even after effective LDL-C
reduction, some patients continue to experience cardiovascular events. This residual risk may
reflect additional pathways, including inflammation, Lp(a), thrombosis, metabolic
dysfunction, and other biological processes.

6. Inflammation and Cardiovascular Risk

Inflammation is involved in virtually every stage of atherosclerotic disease, from endothelial
activation and plaque formation to plaque destabilization and thrombus formation.

High-sensitivity CRP is the most widely established circulating inflammatory marker used in
cardiovascular research. Large epidemiological studies have demonstrated associations
between increased hs-CRP concentrations and cardiovascular events [8].

IL-6 represents a more upstream component of inflammatory signaling. The biological
importance of IL-6 is supported by experimental studies and clinical investigations suggesting
that inflammatory signaling may contribute to cardiovascular risk independently of lipid
concentrations [9].

The concept of residual inflammatory risk became particularly prominent after evidence
demonstrated that cardiovascular events can persist in patients whose LDL-C levels have been
substantially reduced. This observation has encouraged investigation of therapeutic
approaches directed toward inflammatory pathways.

Nevertheless, inflammation biomarkers should be interpreted cautiously. A marker of
inflammation does not necessarily identify a specific cardiovascular mechanism, because
systemic inflammation may accompany infection, malignancy, autoimmune disease, tissue
injury, and numerous other conditions.
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Therefore, an inflammatory biomarker should be regarded as one component of a broader
biological profile.

7. Oxidative Stress: An Additional Layer of
Cardiovascular Biology

Oxidative stress represents another important mechanism in cardiovascular disease. Reactive
oxygen species may contribute to endothelial dysfunction, lipid oxidation, vascular
inflammation, myocardial injury, and adverse remodeling.

Malondialdehyde (MDA), a product of lipid peroxidation, has been investigated as a
circulating indicator of oxidative damage. Its potential importance in acute cardiovascular
disease has attracted increasing attention.

In a study by Karakayali et al., admission serum MDA concentrations were investigated in
patients with ACS in relation to in-hospital mortality [10]. Such findings support the concept
that oxidative stress may provide biological information that is not completely captured by
conventional cardiac biomarkers.

However, oxidative stress biomarkers face several challenges before widespread clinical
implementation. Different analytical techniques may produce different measurements,
biological variability can be considerable, and standardized clinical thresholds have not been
universally established.

Thus, MDA and related markers should currently be considered primarily as emerging

biomarkers with biological and prognostic interest, rather than replacements for
established clinical markers.

8. The Emergence of Composite Biomarkers

A particularly interesting development in cardiovascular biomarker research is the increasing
use of composite indices calculated from routine blood tests.

These indices have an obvious practical advantage. They do not require expensive molecular
assays and can potentially be calculated from standard laboratory results already obtained

during routine clinical care.

Rather than attempting to describe a single biological process, composite indices combine
several parameters that represent different components of systemic disease.

9. Systemic Immune-Inflammation Index



The systemic immune-inflammation index (SII) is calculated using three routinely measured
hematological variables:

SII = platelet count x neutrophil count / lymphocyte count

The rationale behind this equation is relatively intuitive. Neutrophils represent an important
component of the innate inflammatory response, lymphocytes provide information related to
adaptive immunity, and platelets participate in both thrombosis and inflammatory signaling.

Consequently, SII may provide an integrated estimate of the balance between inflammatory
activation and immune status.

Karakayali et al. investigated the relationship between SII and ischemia with non-obstructive
coronary arteries (INOCA) [11]. This work is particularly relevant because INOCA represents
a heterogeneous clinical entity in which conventional angiography may not fully explain the
patient's ischemic symptoms.

The potential advantage of SII is its accessibility. Nevertheless, the index is not
cardiovascular-specific. Infection, systemic inflammation, malignancy, stress, medication

exposure, and other conditions can alter its components.

Therefore, the value of SII is more likely to lie in risk refinement than in diagnosis by itself.

10. HALP Score: Integrating Inflammation, Nutrition, and
Hematological Status

The HALP score represents another example of a composite biomarker derived from routinely
available laboratory measurements.

It incorporates hemoglobin, albumin, lymphocyte count, and platelet count:
HALP = hemoglobin X albumin x lymphocyte count / platelet count

The conceptual advantage of HALP is that it simultaneously incorporates information related
to anemia, nutritional status, immune response, and platelet-associated inflammation.

Karakayali et al. investigated the prognostic significance of HALP in patients with STEMI
undergoing primary PCI and reported an association between HALP and in-hospital mortality
[12]. Subsequent work also explored the prognostic relevance of HALP in patients with
NSTEMI [13].

These observations are potentially important because they demonstrate how inexpensive
routine laboratory parameters may collectively reflect several dimensions of cardiovascular

vulnerability.

Nevertheless, HALP should not be interpreted as a direct measurement of a single
pathological pathway. Its components are affected by numerous non-cardiac conditions. This
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means that future studies should focus particularly on external validation, reproducibility,
threshold determination, and incremental value beyond established clinical risk models.

11. Biomarkers of Fibrosis and Myocardial Remodeling

Heart failure is characterized not only by myocardial stretch but also by structural remodeling
and fibrosis.

Soluble suppression of tumorigenicity 2 (sST2) is associated with myocardial stress and
fibrotic signaling and has been investigated extensively as a prognostic biomarker in heart
failure. Galectin-3 has also been linked to fibrotic remodeling and adverse cardiovascular
outcomes [14,15].

These biomarkers provide information that differs conceptually from natriuretic peptides.
While BNP and NT-proBNP mainly reflect hemodynamic stress, fibrosis-related biomarkers

may capture structural remodeling.

This distinction illustrates the potential benefit of combining biomarkers representing
different biological domains.

For example:

NT-proBNP — hemodynamic stress
hs-¢cTn — myocardial injury

sST2 — remodeling/fibrosis

Such a strategy may theoretically provide a more comprehensive characterization of a patient
with heart failure than any single marker.

Yet, the clinical utility of biomarker combinations should be established prospectively rather
than assumed from associations between individual markers and outcomes.

12. Cardiorenal Biomarkers

The cardiovascular and renal systems are closely interconnected. Kidney dysfunction is
associated with increased cardiovascular risk, while acute and chronic cardiac disease can
cause deterioration in renal function.

Serum creatinine and estimated glomerular filtration rate remain the principal clinical
measures of renal function. Cystatin C may provide complementary information because it is
less dependent on muscle mass than creatinine.



Other biomarkers, including neutrophil gelatinase-associated lipocalin (NGAL) and kidney
injury molecule-1 (KIM-1), have been investigated as indicators of renal tubular injury.

These biomarkers may be particularly relevant in clinical situations in which the distinction
between functional deterioration and structural kidney injury is important, such as acute heart
failure, ACS, and patients undergoing invasive cardiovascular procedures.

The major challenge remains translating the additional biological information provided by
these markers into management strategies that improve patient outcomes.

13. Why One Biomarker Is Rarely Enough

The cardiovascular system can be affected simultaneously by several pathological processes.
A patient presenting with ACS may have:

e acute myocardial injury;

e systemic inflammation;

o platelet activation;

o endothelial dysfunction;

e oxidative stress;

e renal impairment;

e metabolic abnormalities; and
e hemodynamic stress.

It is therefore biologically unlikely that a single circulating molecule will capture the entire
cardiovascular phenotype.

This provides the rationale for multimarker approaches.
Figure 1. A conceptual multimarker model in cardiovascular disease

Atherosclerotic burden
LDL-C/ ApoB / Lp(a)

l

Plaque inflammation
hs-CRP /IL-6 / ST

l

Thrombosis and myocardial injury
Platelets / hs-cTn

l



Hemodynamic response
BNP / NT-proBNP

l

Oxidative injury
MDA

l

Fibrosis and remodeling
sST2 / Galectin-3

l

Cardiorenal interaction
Cystatin C / NGAL / KIM-1

!
Integrated cardiovascular phenotype
The objective of such a model is not simply to accumulate as many biomarkers as possible.

Rather, the aim should be to select a small number of complementary variables that provide
independent and clinically meaningful information.

14. Statistical Significance Is Not the Same as Clinical
Utility

One of the most important issues in biomarker research is the distinction between association
and clinical usefulness.

A biomarker may demonstrate a highly significant association with mortality in a
multivariable regression model. This does not necessarily mean that measuring the biomarker
improves patient management.

Several additional questions must be answered.

Analytical validity

Can the biomarker be measured accurately and reproducibly?

Biological validity

Does the biomarker reliably represent the biological process of interest?
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Incremental predictive value

Does it improve prediction beyond established clinical variables?

External validity

Does the association remain present in independent patient populations?

Clinical utility

Does knowledge of the biomarker result alter a clinical decision?

Therapeutic relevance

Is there an intervention that can be selected, intensified, or withheld based on the biomarker?

This final distinction is particularly important. A prognostic biomarker identifies risk, whereas
a predictive biomarker can potentially identify differential treatment benefit.

Consequently, an excellent prognostic marker does not automatically become a useful
treatment-selection tool.

15. The Future: From Biomarkers to Biological
Phenotyping

The next phase of cardiovascular biomarker research is likely to involve a shift from
individual measurements toward biological phenotyping.

Instead of asking whether a patient has an elevated inflammatory marker, clinicians may
eventually be able to characterize a broader phenotype incorporating inflammatory,
metabolic, thrombotic, fibrotic, and myocardial injury pathways.

This approach could integrate:

¢ clinical characteristics;

e electrocardiographic data;

e echocardiographic parameters;

e coronary anatomy;

e circulating biomarkers;

o imaging-derived tissue characteristics;
e genomic information; and

o longitudinal clinical data.

Artificial intelligence and machine-learning methods may facilitate this integration. Large

datasets can be used to identify combinations of variables associated with clinically distinct
phenotypes.
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However, computational complexity should not be confused with clinical value. Models
containing dozens or hundreds of variables may demonstrate excellent performance in a
development dataset but perform poorly when applied to a different population.

External validation, calibration, interpretability, and prospective evaluation will therefore
remain essential.

16. The Role of Omics Technologies

Proteomics, metabolomics, transcriptomics, and other omics-based approaches have
substantially expanded the potential biomarker landscape.

Proteomics can identify circulating proteins associated with myocardial injury, inflammation,
fibrosis, and vascular disease. Metabolomics may provide information about altered metabolic
pathways that precede clinically apparent disease. Genomic approaches may identify
individuals with genetically determined susceptibility to particular cardiovascular pathways.
Lp(a) provides a useful example of how genetically influenced biomarkers can eventually
become clinically relevant. The continued development of molecular therapies directed
toward Lp(a) further illustrates the possibility of moving from biomarker identification to
mechanism-specific intervention.

Nevertheless, omics research generates extremely large numbers of candidate signals.
Replication and independent validation are therefore particularly important.

The future challenge is not likely to be finding more biomarkers. Rather, it will be
determining which biomarkers provide information that is both reliable and actionable.

17. A Practical Framework for Clinical Interpretation

A clinician confronted with a cardiovascular biomarker result can consider five basic
questions.

Question 1: What biological process does it represent?

Is the marker reflecting injury, stress, inflammation, thrombosis, fibrosis, renal dysfunction,
or metabolic disease?

Question 2: What is its intended clinical purpose?
Is it diagnostic, prognostic, predictive, or intended for treatment monitoring?

Question 3: What can falsely alter its concentration?
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Renal disease, infection, obesity, age, atrial fibrillation, anemia, medications, and systemic
illness may influence many cardiovascular biomarkers.

Question 4: Does it add information to what is already known?

A marker that duplicates information already provided by established clinical variables may
have limited incremental value.

Question 5: Will the result change management?
This is perhaps the most clinically relevant question.

A biomarker should ultimately earn its place in routine practice by improving the decision-
making process rather than merely increasing the amount of available information.

18. From Research Biomarker to Clinical Biomarker

The development pathway of a successful biomarker can be summarized as follows:

Discovery

l

Identification of a biological signal

l

Analytical validation

l

Reliable and reproducible measurement

l

Clinical association

l

Association with a clinically relevant phenotype or outcome

l

External validation

l

13-



Confirmation in independent populations

l

Incremental value

l

Demonstration that the marker adds information beyond established variables

l

Clinical utility

l

Evidence that the information changes clinical decisions

l

Outcome improvement

l

Demonstration that biomarker-guided management improves meaningful patient outcomes

This framework is particularly relevant to emerging biomarkers such as SII, HALP, MDA,
and other composite or inflammatory indices.

19. Conclusions

Biomarkers have become fundamental components of cardiovascular medicine, but their roles
are heterogeneous. Cardiac troponins and natriuretic peptides have established positions in
diagnosis and risk assessment, whereas lipid-related markers, inflammatory biomarkers,
fibrosis markers, oxidative stress indicators, and composite hematological indices continue to
expand the biological information available to clinicians.

The increasing interest in readily available composite indices such as SII and HALP is
particularly relevant because these measurements can potentially be implemented without
sophisticated laboratory infrastructure. Similarly, research into oxidative stress biomarkers
such as MDA may provide additional information regarding biological heterogeneity in acute
cardiovascular disease.

However, the future of cardiovascular biomarkers should not be defined by the number of

new markers discovered. The more important objective is to determine which markers provide
reproducible, incremental, and clinically actionable information.
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A modern cardiovascular biomarker strategy should therefore move from the concept of a
single prognostic marker toward an integrated biological profile. Combining
complementary biomarkers with clinical variables, electrocardiography, imaging, and
computational methods may ultimately facilitate more precise characterization of
cardiovascular disease.

The most meaningful question for future biomarker research is consequently not simply
whether a marker predicts an outcome, but whether incorporating that marker into clinical
decision-making ultimately helps clinicians provide better care.
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Miyokardit Tamisinda ve Risk Simflandirmasinda
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Giris

1. Miyokarditte Kardiyak Manyetik Rezonans Goriintiilemenin
Temel Prensipleri

2. Lake Louise Kriterleri

3. Parametrik Haritalama Teknikleri

4. Gec Gadolinyum Tutulumu ve Prognostik Onemi
5. Gelecek Perspektifleri

6. Sonuc¢

Miyokardit, miyokardin inflamatuvar hastaligi olup
enfeksiydz ajanlar, otoimmiin hastaliklar, toksik maruziyetler ve
cesitli sistemik hastaliklar sonucunda gelisebilmektedir. Klinik
spektrumu oldukca genis olup asemptomatik olgulardan akut gogiis
agrisi, kalp yetersizligi, yasami tehdit eden ventrikiiler aritmiler ve
ani kardiyak olime kadar degisebilmektedir. Bu heterojen klinik
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prezentasyon nedeniyle miyokardit tanisi glinlimiizde halen 6nemli
bir klinik zorluk olusturmaktadir.

Endomiyokardiyal biyopsi miyokardit tanisinda referans
standart yontem olarak kabul edilmekle birlikte, invaziv yapisi,
islemle iligkili komplikasyon riski ve 6rnekleme hatalar1 nedeniyle
rutin klinik uygulamada smirli kullanim alanma sahiptir. Bu nedenle
son yillarda noninvaziv goriintiileme yOntemleri miyokardit
tanisinda giderek daha fazla 6nem kazanmustir.

1. Miyokarditte Kardiyak Manyetik Rezonans
Goriintiilemenin Temel Prensipleri

Kardiyak manyetik rezonans goriintiileme (KMR), miyokard
dokusunun yapisal ve fonksiyonel Ozelliklerini ayrintili olarak
degerlendirebilen noninvaziv bir goriintileme  yontemidir.
Miyokardit tanisinda KMR ’nin temel iistiinliigii, inflamasyona bagli
gelisen miyokardiyal 6dem, hiperemi, nekroz ve fibrozisi doku
diizeyinde gosterebilmesidir. Bu 6zelligi sayesinde KMR, yalnizca
ventrikiil fonksiyonlariin degerlendirilmesini degil, ayn1 zamanda
miyokardiyal hasarin karakterizasyonunu da miimkiin kilar.

Miyokarditte inflamatuvar silireg sonucunda miyokard
dokusunda hiicresel hasar ve interstisyel s1v1 artis1 meydana gelir. Bu
degisiklikler KMR incelemesinde farkli goriintiileme sekanslari
araciigiyla  tespit edilebilmektedir. Ozellikle T2 agirhikl
goriintiileme ve T2 haritalama teknikleri miyokardiyal 6demin
gosterilmesinde dnemli rol oynarken, T1 haritalama ve ekstraseliiler
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hacim (ECV) olgiimleri inflamasyona bagl doku degisikliklerinin
degerlendirilmesine katki saglar.

Kontrast madde uygulamasini takiben elde edilen gec
gadolinyum tutulumu (late gadolinium enhancement, LGE)
goriintiileri ise nekroz ve fibrozis alanlarinin belirlenmesinde
kullanilir. Miyokarditte LGE genellikle koroner arter dagilimi ile
uyumlu olmayan subepikardiyal veya midmural yerlesim gosterir.
Bu 06zellik, miyokarditin iskemik miyokard hasarindan ayurt
edilmesinde dnemli tanisal deger tasimaktadir.

KMR ayrica sol ve sag ventrikiil hacimlerinin, ejeksiyon
fraksiyonunun ve bolgesel duvar hareketlerinin yiiksek dogrulukla
degerlendirilmesine olanak saglar. BoOylece hastaligin kardiyak
fonksiyonlar tizerindeki etkileri de ayrmntili olarak ortaya konulabilir.
Gilinitimiizde doku karakterizasyonu, fonksiyonel degerlendirme ve
prognostik bilgi saglayabilmesi nedeniyle KMR, miyokardit stiphesi
bulunan hastalarda en Onemli noninvaziv  goriintiileme
yontemlerinden biri olarak kabul edilmektedir.

2. Lake Louise Kriterleri

Kardiyak manyetik rezonans goriintileme (KMR),
miyokardit tanisinda en degerli noninvaziv yontemlerden biri
olmakla birlikte, elde edilen bulgularin standart bir sekilde
yorumlanabilmesi amaciyla 2009 yilinda Lake Louise Kriterleri
gelistirilmistir. Bu kriterler, miyokardiyal inflamasyonun temel
bilesenleri olan 6dem, hiperemi ve nekroz/fibrozisin KMR ile
gosterilmesine dayanmaktadir.
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2009 Lake Louise Kriterleri

Orijinal Lake Louise kriterleri ii¢ temel goriintiileme bulgusunu
icermektedir:

1. Miyokardiyal 6dem varligi: T2 agirhikli goriintiilerde sinyal
yogunlugunda artis saptanmast.

2. Hiperemi ve kapiller kagak: Erken gadolinyum tutulumu
goriintiilerinde miyokardiyal kontrastlanmanin artmast.

3. Nekroz veya fibrozis: Ge¢ gadolinyum tutulumu (LGE)
goriintiilerinde noniskemik dagilim goésteren tutulum alanlarinin
izlenmesi.

Bu ii¢ kriterden en az ikisinin pozitif olmasi aktif miyokardit tanisini
desteklemektedir. Ancak zamanla 6zellikle T2 agirlikli goriintiileme
ve erken gadolinyum tutulumu yontemlerinin teknik sinirliliklari
oldugu ve tanisal performanslarinin degiskenlik gosterebildigi
anlagilmistir.

2018 Revize Lake Louise Kriterleri

Parametrik haritalama tekniklerinin klinik kullanima
girmesiyle birlikte Lake Louise kriterleri 2018 yilinda
giincellenmistir. Revize kriterler, inflamasyonun iki temel
bileseninin gosterilmesine dayanmaktadir:

T2 Bazli Kriterler (Miyokardiyal Odem)
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Miyokardiyal 6demin gosterilmesi amaciyla asagidaki bulgulardan
en az birinin varhig1 aranir:

T2 haritalamada artmis T2 degerleri

T2 agirlikl goriintiilerde sinyal yogunlugunda artig

Bu bulgular aktif inflamasyon ve doku 6demini gostermektedir.

T1 Bazh Kriterler (Miyokardiyal Hasar)

Miyokardiyal hasar veya fibrozisi gésteren bulgular sunlardir:

Native T1 degerlerinde artis
Ekstraseliiler hacim (ECV) artis1

Geg gadolinyum tutulumu (LGE) varligi

Bu parametreler inflamasyona bagli hiicresel hasar, nekroz ve
fibrozis alanlarini ortaya koymaktadir.

Revize Lake Louise kriterlerine gore en az bir T2 bazli kriter
ile birlikte en az bir T1 bazli kriterin pozitif olmasi aktif miyokardit
tanisini giiclii sekilde desteklemektedir. Klinik bulgularin da uyumlu
oldugu durumlarda tanisal dogruluk oldukca yiiksektir.
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Giliniimiizde 2018 revize Lake Louise kriterleri, miyokardit
stiphesi bulunan hastalarin degerlendirilmesinde en yaygin
kullanilan KMR tabanli tanisal yaklasim olarak kabul edilmektedir.
Ozellikle T1 ve T2 haritalama tekniklerinin eklenmesi sayesinde
miyokardiyal inflamasyonun daha duyarli ve objektif sekilde
gosterilmesi miimkiin olmus, boylece KMR ’nin tanisal performansi
belirgin olarak artmistir.

3. Parametrik Haritalama Teknikleri

Geleneksel kardiyak manyetik rezonans (KMR) yontemleri
miyokardiyal inflamasyonun degerlendirilmesinde 6nemli bilgiler
saglamakla birlikte, gorsel degerlendirmeye bagimli olmalar1 ve bazi
durumlarda normal miyokard dokusu ile karsilastirma gerektirmeleri
nedeniyle ¢esitli smirliliklara sahiptir. Son yillarda gelistirilen
parametrik haritalama teknikleri, miyokard dokusunun nicel olarak
degerlendirilmesine olanak saglayarak miyokardit tanisinda 6nemli
bir ilerleme saglamistir.

Native T1 Haritalama

Native T1 haritalama, kontrast madde uygulanmaksizin
miyokard dokusunun T1 relaksasyon zamanini dlgen bir tekniktir.
Miyokarditte inflamasyon, hiicresel hasar ve interstisyel siv1 artigina
bagli olarak T1 degerlerinde yiikselme meydana gelir. Bu nedenle
native T1 haritalama aktif inflamasyonun saptanmasinda duyarl bir
yontem olarak kabul edilmektedir.
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Native T1 degerlerinin artmis olmasi, 0&zellikle akut
miyokarditte miyokardiyal hasarin gosterilmesine katki saglar.
Ayrica kontrast madde kullaniminin uygun olmadig: hastalarda da
degerli bilgiler sunabilmektedir.

T2 Haritalama

T2 haritalama, miyokardiyal su igeriginin nicel olarak
degerlendirilmesini  saglayan bir yOntemdir. Miyokarditte
inflamasyon sonucunda gelisen 6dem nedeniyle T2 degerlerinde
artiy goriliir. Bu nedenle T2 haritalama, aktif inflamasyonun ve
miyokardiyal 6demin degerlendirilmesinde en 6nemli araclardan
biri olarak kabul edilmektedir.

Geleneksel T2 agirlikli goriintiillemeye kiyasla daha objektif
sonuglar vermesi ve gozlemciler arasi degiskenligi azaltmasi 6nemli
avantajlar1 arasindadir.

Ekstraseliiler Hacim (ECV)

Ekstraseliiler hacim fraksiyonu (ECV), kontrast madde
uygulamasi1 sonrasinda elde edilen T1 O6lgiimleri kullanilarak
hesaplanmaktadir. ECV, miyokarddaki interstisyel alanin genisligini
yansitir ve inflamasyon, 6dem veya fibrozis gibi patolojik siireglerde
artig gosterebilir.

Miyokarditte ECV artis1, inflamatuvar siirecin yaygmligi
hakkinda bilgi saglayabilir ve baz1 ¢aligmalarda klinik sonuclarla
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iliskili bulunmustur. Bununla birlikte ECV degerlendirmesi tek
basmma degil, diger KMR bulgular1 ile birlikte yorumlanmalidir.
Miyokarditte KMR belite¢lerinin tanisal ve prognostik degeri Tablo
1. de gosterilmistir.

Tablo 1. Miyokarditte Kardiyak MR Bulgularinin Tanisal ve

Prognostik Degeri
Bulgular Tanisal Deger Prognostik Deger
T2 artis +++ +
Native T1 artis1 -+ ++
ECV artisi ++ ++
C varlhig ++ -

ECV: Ekstraseliiler hacim fraksiyonu, LGE: Ge¢ gadolinyum tutulumu

4. Gec¢ Gadolinyum Tutulumu ve Prognostik Onemi

Geg gadolinyum tutulumu (late gadolinium enhancement,
LGE), kardiyak manyetik rezonans goriintiilemede miyokardiyal
nekroz ve fibrozisin degerlendirilmesinde kullanilan temel
yontemlerden biridir. Gadolinyum bazli kontrast maddeler normal
miyokard hiicrelerinin igine giremezken, hiicre membran
biitlinliigliniin  bozuldugu veya ekstraseliiler alanin genisledigi
bolgelerde birikim gostermektedir. Bu nedenle inflamasyon, nekroz
veya fibrozis i¢eren alanlar kontrast uygulamasmdan birkac¢ dakika
sonra elde edilen goriintiilerde yiiksek sinyal yogunlugu seklinde
izlenmektedir.

Miyokarditte LGE genellikle koroner arter sulama
alanlariyla uyumlu olmayan bir dagilim gostermektedir. En sik
gozlenen paternler subepikardiyal ve midmural tutulum olup,
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ozellikle sol ventrikiiliin inferolateral duvarinda yerlesim sik
goriilmektedir. Bu 0zellik, miyokarditin iskemik miyokard
hasarmdan ayirt edilmesinde 6nemli tanisal deger tasimaktadir. Buna
kargilik miyokard enfarktiisiinde LGE ¢ogunlukla subendokardiyal
veya transmural yerlesim gostermekte ve koroner arter dagilimi ile
uyumlu seyretmektedir.

LGE’nin varlhig1 yalnizca tanisal bilgi saglamakla kalmaz,
ayni zamanda hastaligi prognozu hakkinda da 6nemli veriler sunar.
Cesitli calismalarda LGE saptanan miyokardit hastalarinda major
kardiyovaskiiler olaylar, ventrikiiler aritmiler, kalp yetersizligi
gelisimi ve mortalite riskinin daha yiiksek oldugu gosterilmistir.
Ozellikle persistan LGE varligi, inflamasyonun gerilemesinden
sonra dahi miyokardda kalic1 hasar ve fibrozisin gostergesi olarak
kabul edilmektedir.

LGE’nin lokalizasyonu ve yayginligi da prognostik agidan
onem tasimaktadir. Septal yerlesimli veya genis fibrotik alanlari
iceren LGE paternlerinin daha kot klinik sonuglarla iligkili oldugu
bildirilmistir. Ayrica sol ventrikiil ejeksiyon fraksiyonu korunmus
olsa bile LGE varligi uzun donem takipte advers kardiyovaskiiler
olay riskinin artmis olabilecegine isaret etmektedir.

Sonug olarak, ge¢ gadolinyum tutulumu miyokardit tanisinda
temel goriintilleme belirteclerinden biri olup, aym1 zamanda risk
smiflandirmast ve uzun dénem prognozun degerlendirilmesinde
onemli bir role sahiptir. Bu nedenle LGE bulgularmnm varligi,
lokalizasyonu ve yaygmhgi kardiyak manyetik rezonans
incelemesinin ayrilmaz bir pargasi olarak degerlendirilmelidir.

--25--



5. Gelecek Perspektifleri

Kardiyak manyetik rezonans goriintiileme teknolojisindeki
hizli gelismeler, miyokardit tanisinin geleceginde daha hassas ve
kisisellestirilmis degerlendirmelerin miimkiin olacagini
gostermektedir. Ozellikle goriintii kalitesindeki iyilesmeler ve yeni
sekanslarin gelistirilmesi sayesinde miyokardiyal inflamasyonun
daha erken ve daha dogru sekilde saptanabilmesi hedeflenmektedir.

Parametrik  haritalama  tekniklerinin  standartizasyonu
gelecekteki en onemli gelisim alanlarindan biridir. Giiniimiizde T1,
T2 ve ekstraseliiler hacim (ECV) olciimleri farkli merkezler ve
cihazlar arasinda degiskenlik gosterebilmektedir. Uluslararasi
standardizasyon c¢aligmalarinin tamamlanmasiyla birlikte bu
parametrelerin klinik kullaniminin daha yaygin ve giivenilir hale
gelmesi beklenmektedir.

Yapay zeka ve makine 6grenmesi uygulamalar1 da kardiyak
goriintiileme alaninda giderek daha fazla 6nem kazanmaktadir.
Otomatik goriintii analizi, doku karakterizasyonu ve risk tahmini
gibi alanlarda gelistirilen algoritmalarin, gelecekte miyokardit
tanisinin dogrulugunu artirmast ve klinik karar verme siireglerini
desteklemesi beklenmektedir.

Bunun yani sira multiparametrik goriintiileme yaklagimlari
sayesinde fonksiyonel degerlendirme, doku karakterizasyonu ve
prognostik bilgilerin tek bir inceleme igerisinde daha kapsamli
sekilde elde edilmesi miimkiin olabilecektir. Kardiyak manyetik
rezonans bulgularinin biyobelirtegler, genetik veriler ve klinik risk
modelleri ile entegrasyonu, miyokardit hastalarinda daha etkili risk
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smiflandirmast  ve  bireysellestirilmis  tedavi  stratejilerinin
gelistirilmesine katki saglayabilir.

Sonug olarak, teknolojik gelismeler ve yeni analiz yontemleri
kardiyak manyetik rezonansin miyokardit tanist ve risk
degerlendirmesindeki roliinii daha da gii¢lendirecek goriinmektedir.

6. Sonuc¢

Miyokardit, genis klinik spektrumu ve tanisal zorluklar:
nedeniyle giiniimiizde dnemini koruyan inflamatuvar bir miyokard
hastaligidir.  Kardiyak  manyetik  rezonans  goriintiileme,
miyokardiyal 6dem, inflamasyon, nekroz ve fibrozisin noninvaziv
olarak degerlendirilmesine olanak saglayarak miyokardit tanisinda
merkezi bir konuma ulasmistir. Ozellikle 2018 revize Lake Louise
kriterleri ile birlikte tanisal dogruluk belirgin sekilde artmus, T1 ve
T2 haritalama teknikleri miyokardiyal inflamasyonun daha hassas
degerlendirilmesine katki saglamisti. Bunun yam1 swa geg
gadolinyum tutulumu bulgular1 yalnizca tanisal degil, ayn1 zamanda
prognostik agidan da degerli bilgiler sunmaktadir. Giiniimiizde
kardiyak manyetik rezonans, miyokardit siiphesi bulunan hastalarin
degerlendirilmesinde temel goriintiileme yontemi olarak kabul
edilmekte olup, gelecekte teknolojik gelismeler ve yapay zeka
destekli uygulamalarla klinik kullanim alaninin daha da geniglemesi
beklenmektedir.
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BOLUM 3

ATRIYAL FIBRILASYONDA GUNCEL YONETIM:
AF-CARE YAKLASIMI

Umit KURTARAN!

Giris
Atriyal fibrilasyon (AF), diinyada en sik goriilen siirekli
kardiyak aritmidir ve iskemik inme, kalp yetmezligi, biligsel
gerileme ve tiim nedenlere baglh 6liim riskindeki artisla yakindan
iliskilidir (Elliott, Middeldorp, et al., 2023; Kornej et al., 2020).
Tedavi edilmeyen AF'de iskemik inme riski yaklasik bes kat
artmakta, inmelerin yaklasik beste biri AF ile iligkilendirilmektedir
(Rienstra et al.,, 2024). Toplumun yaslanmasi, eslik eden
hastaliklarin artmasi1 ve tani olanaklarinin genislemesiyle birlikte
AF, kardiyoloji pratiginin oldugu kadar birinci basamaktan acil

servise, ndrolojiden kalp cerrahisine kadar pek c¢ok alanin ortak
sorunu héline gelmistir.

Son on yilda AF yonetiminde Onemli bir paradigma
degisikligi yasanmustir. Dogrudan etkili oral antikoagiilanlar
(DOAK) inme oOnlemede standart tedavi olmus, erken ritim
kontroliiniin ve kateter ablasyonunun yalnizca semptomlar1 degil
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secilmis hastalarda prognozu da iyilestirebilecegi gosterilmis, risk
faktorii ve eslik eden hastalik yonetimi tedavinin merkezine
yerlesmistir (Kirchhof et al., 2020; Marrouche et al., 2018; Pathak
et al.,, 2015). Avrupa Kardiyoloji Dernegi (ESC) ve Avrupa
Kardiyo-Torasik Cerrahi Dernegi (EACTS) tarafindan 2024 yilinda
yayimlanan kilavuz, bu birikimi AF-CARE adi verilen biitlinciil bir
cergevede bir araya getirmistir (Van Gelder et al., 2024). Amerikan
kilavuzu da benzer bicimde AF'yi risk evresinden kalict AF'ye
uzanan ilerleyici bir hastalik olarak ele almaktadir (Joglar et al.,
2024).

Bu boliimde AF'nin tanimi, siniflamasi ve epidemiyolojisi
Tiirkiye verileriyle birlikte 06zetlenmekte; ardindan giincel
kilavuzlarin = 6nerdigi AF-CARE yaklasimi, dayandigi temel
randomize ¢aligmalarla birlikte klinik uygulamaya yonelik olarak
ele alinmaktadir.

Tanim ve Simiflama

AF, atriyumlarda koordinasyonsuz elektriksel aktivite ve
buna bagh etkisiz atriyal kasilma ile karakterize bir
supraventrikiiler  tagiaritmidir.  Elektrokardiyografide = (EKG)
belirgin P dalgalarinin yoklugu ve diizensiz RR araliklar tipik
bulgulardir. Tan1 i¢in 12 derivasyonlu EKG ya da tek veya c¢ok
derivasyonlu bir EKG cihaziyla en az 30 saniye siiren kaydin
hekim tarafindan degerlendirilmesi gerekir. Akilli saat gibi
fotopletismografi temelli cihazlar diizensiz ritim konusunda uyari
verebilir; ancak tek basmna tani koydurmaz, EKG ile dogrulama
zorunludur (Perez et al., 2019; Van Gelder et al., 2024).

ESC 2024 kilavuzu, hasta yolaklarini AF'nin zamansal
orlintiisiine gore diizenlemektedir (Rienstra et al., 2024; Van Gelder
et al., 2024):

e 1{lk kez tani konan AF: Siiresi ve oriintiisii ne olursa

olsun daha dnce belgelenmemis AF.
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e Paroksismal AF: Yedi giin i¢cinde kendiliginden ya da bir
miidahaleyle sonlanan AF.

e Persistan AF: Yedi giinden uzun siiren, kendiliginden
sonlanmayan AF.

e Kalici (permanent) AF: Hasta ve hekimin ortak karariyla
ritim kontrolii girisimlerinin o asamada hedeflenmedigi
AF.

Amerikan kilavuzu ise AF'yi ilerleyici bir siire¢ olarak dort
evrede tanimlamaktadir: risk altindaki bireyler (evre 1), yapisal ya
da elektriksel bulgularin AF'ye zemin hazirladigi 6n-AF evresi
(evre 2), paroksismal, persistan, uzun siireli persistan (12 aydan
uzun) ve basarili ablasyon sonrasi alt gruplarini iceren AF evresi
(evre 3) ve kalict AF (evre 4) (Joglar et al., 2024). Bu evreleme,
AF'nin ortaya c¢ikmadan once de oOnlenebilecek bir hastalik
oldugunu vurgulamasi bakimindan énemlidir.

Giincel kilavuzlar iki 06zel duruma ayrica dikkat
cekmektedir. Cihazla saptanan subklinik AF, kalp pili, implante
edilebilir defibrilatdr ya da implante edilebilir ritim kaydedici gibi
siirekli izlem yapan cihazlarda saptanan, semptom vermeyen ve
standart EKG ile belgelenmemis atriyal yliksek hizli epizotlar
ifade eder. Tetikleyiciye bagli AF ise sepsis, akut alkol alimu,
cerrahi ya da akut inflamasyon gibi potansiyel olarak geri
dondiiriilebilir bir tetikleyiciyle yakin zamansal iliski i¢cinde ortaya
cikan yeni AF'dir. Gozlemsel veriler, tetikleyiciye bagli AF'de niiks,
tromboemboli ve Oliim riskinin klinik AF'ye benzer oldugunu
diisiindiirmektedir (Rienstra et al., 2024).

Epidemiyoloji ve Tiirkiye Verileri

Kiiresel 6lgekte AF ile yasayan birey sayisinin 2010'da 33,5
milyondan 2019'da yaklasik 59 milyona yiikseldigi tahmin
edilmektedir. Kirk bes yasindan sonra yasam boyu AF gelisme riski
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iic ila bes kisiden biri diizeyindedir (Linz et al., 2024). AF siklig1
yasla belirgin bigimde artar. Hipertansiyon, obezite, diyabet, kalp
yetmezligi, koroner arter hastaligi, kapak hastaliklari, kronik
bobrek hastaligi, obstriiktif uyku apnesi, fiziksel inaktivite ve alkol
kullanim1 baslica risk faktorleridir (Elliott, Middeldorp, et al., 2023;
Kornej et al., 2020). Bu risk faktorlerinin 6nemli bir bolimiiniin
degistirilebilir olmasi, giincel kilavuzlarin risk faktorii yonetimini
tedavinin ilk basamagina tasimasinin temel gerekgesidir.

Tiirkiye'de AF'nin klinik 6zelliklerine iliskin veriler biiyiik
Olciide ¢cok merkezli kayit ¢alismalarindan elde edilmektedir. Yedi
cografi bolgeden 17 merkezin katildigi AFTER ¢alismasinda
valviiler olmayan AF'li 1745 hastanin ortalama yas1 69,2 yil, kadin
orani %56 bulunmus; persistan ya da kalict AF %78 oraniyla en sik
orlintii, hipertansiyon ise %73 oraniyla en sik eslik eden hastalik
olmustur. Aynm1 ¢alismada oral antikoagiilan kullanim orani
yalnizca %40, bu hastalarda INR degerinin hedef aralikta olma
orani ise %37 olarak bildirilmistir (Ertas et al., 2013). GARFIELD-
AF kaydinin Tiirkiye kolu, tilkemizdeki hastalarin diinya verilerine
gore daha gen¢ ve kadin agirliklt oldugunu, kanama riski yiiksek
hastalarda tedavinin siklikla antitrombosit ilaglara kaydirildigini ve
tiim nedenlere bagli oliimiin daha yiiksek seyrettigini gostermistir
(Sayin et al., 2019).

Tiirkiye'de 2013-2024 yillar1 arasinda yiiriitiilen alt1 kayit
calismasini (toplam 18.219 hasta) bir araya getiren yakin tarihli bir
meta-analizde ortalama yas 69, kadin oran1 %58, hipertansiyon
sitkligt %76 ve diyabet sikligt %25 bulunmustur. Ortalama
CHA:DS>-VASc skoru 3,67, HAS-BLED skoru 1,72'dir. Hasta
seciminde tedavi tiiriine gore kisitlama yapmayan kayitlarda
DOAK kullanim1 %60, toplam oral antikoagiilan kullanimi %88
olarak  hesaplanmigtir. Buna karsin ablasyon (%3) ve
kardiyoversiyon (%9) oranlar1 diisiik kalmistir (Kis et al., 2026).
Bu bulgular, Tiirkiye'de inme 6nlemede son on yilda belirgin bir
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iyilesme oldugunu, ancak ritim kontrolii stratejilerinin ve biitiinciil
bakimin heniiz yeterince uygulanmadigini diisiindiirmektedir.

Patofizyoloji

AF'nin olusumu ve siirmesi, tetikleyiciler, aritmiyi siirdiiren
substrat ve modiile edici faktorlerin etkilesimiyle agiklanmaktadir.
Tetikleyici ektopik atimlar cogunlukla pulmoner ven agizlarindaki
miyokardiyal kiliflardan kaynaklanir; pulmoner ven izolasyonunun
ablasyon tedavisinin temelini olugturmasi bu goézleme dayanir.
Hipertansiyon, yaslanma, obezite, diyabet, kalp yetmezligi ve
inflamasyon gibi etkenler atriyumda dilatasyon, fibrozis, iyon
kanali ve hiicreler arasi baglanti degisiklikleri ile otonom
dengesizlige yol agarak aritmiyi silirdiiren substrati olusturur (Nattel
et al., 2020).

AF'nin kendisi de atriyumda elektriksel ve yapisal yeniden
sekillenmeye neden olur. Atriyal efektif refrakter periyodun
kisalmasi, kalsiyum dengesinin bozulmasi ve ilerleyici fibrozis,
aritmiyi giderek daha kalict hale getirmeye katkida bulunur.
Klinikte paroksismal AF'nin zamanla persistan ve kalici AF'ye
ilerlemesi bu dongiliniin yansimasidir (Nattel et al., 2020). Bu
nedenle risk faktorlerinin erken kontrolii ve gerektiginde erken
ritim kontrolii, hastaligin ilerlemesini yavaslatmay: hedefleyen
stratejiler olarak one ¢ikmaktadir.

Tam, {lk Degerlendirme ve Tarama

AF'li hastalar c¢arpinti, nefes darligi, halsizlik, egzersiz
kapasitesinde azalma, gdgiis agrisi, bag donmesi ya da nadiren
senkop ile basvurabilir; ancak hastalarin 6nemli bir bdliimi
semptomsuzdur ve tani rastlantisal olarak ya da inme gibi bir
komplikasyon sonrasinda konur. Semptomlarin siddeti ve yasam
kalitesine etkisi, modifiye Avrupa Kalp Ritmi Dernegi (EHRA)
semptom skalas1 gibi standart araglarla kaydedilmelidir (Van

Gelder et al., 2024).
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Ik degerlendirmede ayrintili dykii ve fizik muayenenin yani
sira 12 derivasyonlu EKG, tam kan sayimi, bobrek ve karaciger
fonksiyonlari, elektrolitler, tiroid fonksiyon testleri ve glisemik
durum degerlendirilmelidir. ESC 2024 kilavuzu, tedavi kararlarina
yon verebilecegi tiim hastalarda transtorasik ekokardiyografi
yapilmasini agik¢a Onermektedir. Ekokardiyografi, sol ventrikiil
fonksiyonu, kapak hastaliklari, sol atriyum boyutu ve
kardiyomiyopatiler hakkinda yol gosterici bilgi saglar (Rienstra et
al., 2024; Van Gelder et al., 2024). Gerektiginde uzun siireli EKG
izlemi, AF yikiiniin ve hiz kontroliiniin degerlendirilmesinde
kullanilir.

AF'nin siklikla semptomsuz olmasi, erken tani i¢in taramay1
giindeme getirmektedir. Giincel kilavuz, 65 yas ve lizerindeki tim
bireylerde her saglik basvurusunda nabiz ya da ritim
degerlendirmesi yapilmasini (firsat¢i tarama) onermektedir. Yetmis
bes yas ve lizerindeki ya da ek inme risk faktorii tasiyan 65 yas ve
izerindeki bireylerde uzun siireli, girisimsel olmayan EKG temelli
sistematik tarama ise diisiiniilebilir (Rienstra et al., 2024; Van
Gelder et al., 2024). Bu o6neriler ve smrliliklart biiyiik randomize
calismalara dayanmaktadir. STROKESTOP c¢alismasinda 75-76
yasindaki bireylerde sistematik taramanin inme, sistemik emboli,
kanama ve Olimden olusan birlesik sonlanimda kii¢iik ancak
istatistiksel olarak anlamli bir azalma sagladigi goriilmiistiir
(Svennberg et al., 2021). LOOP calismasinda risk faktorii tagiyan
70-90 yas arasi1 bireylerde implante edilebilir ritim kaydediciyle AF
saptanmasi belirgin olarak artmis (%31,8'e karst %12,2), ancak
inme ve sistemik embolide anlamli azalma saglamamistir
(Svendsen et al., 2021). Akilli saat temelli biiyiik 6lcekli Apple
Heart c¢aligmasi ise giyilebilir teknolojilerin AF saptamadaki
potansiyelini gostermekle birlikte, uyar1 alan bireylerde EKG ile
dogrulamanin gerekliligini ortaya koymustur (Perez et al., 2019).
Fotopletismografi uyarisi tek basina tani degildir; klinik tant EKG
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kaydiyla dogrulanmalidir. Dijital saghik uygulamalarinin biitiinciil
AF bakimina entegrasyonu iizerine ¢aligmalar stirmektedir (Linz et
al., 2024).

Biitiinciil Yaklasimin Gelisimi: ABC'den AF-CARE'e

AF yoOnetiminin yalnizca ritim ya da antikoagiilasyondan
ibaret olmadig: fikri, son yillarda yapilandirilmis biitlinciil bakim
modelleriyle somutlagmigtir. ESC 2020 kilavuzunda benimsenen
ABC vyolagi; inmenin Onlenmesi (A), semptomlarin daha iyi
yonetimi (B) ile kardiyovaskiiler risk faktorleri ve eslik eden
hastaliklarin optimizasyonu (C) basamaklarindan olusuyordu (Lip,
2017). Aynt donemde Onerilen 4S-AF semasi ise AF'yi inme riski,
semptom siddeti, AF yiikii ve substrat siddeti acisindan sistematik
olarak nitelendirmeyi amaglamistir (Potpara et al., 2021).

ESC 2024 kilavuzu bu yaklasimlar1t AF-CARE cergevesinde
birlestirmistir (Rienstra et al., 2024; Van Gelder et al., 2024):

e [C] Eslik eden hastaliklarin ve risk faktorlerinin
yonetimi

e [A] Inme ve tromboemboliden korunma
e [R] Hiz ve ritim kontroliiyle semptomlarin azaltilmas1
e [E] Degerlendirme ve dinamik yeniden degerlendirme

Bu siralamada eslik eden hastalik ve risk faktori
yoOnetiminin ilk siraya alinmasi dikkat c¢ekicidir. Bununla birlikte
klinik  pratikte, oOzellikle ilk basvuruda, inme riskinin
degerlendirilmesi ve gerekiyorsa antikoagiilasyonun hemen
baslatilmas1 onceligini korumaktadir. Dort basamak birbirini
izleyen asamalar olarak degil, es zamanl yiiriitiilen ve hasta
izlendikce giincellenen bilesenler olarak diisiiniilmelidir. Kilavuz
ayrica tiim tedavi kararlarinin hastanin tercihleri gozetilerek ortak
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karar verme slireciyle alinmasini ve hasta egitimini bakimin
ayrilmaz pargasi olarak vurgulamaktadir (Van Gelder et al., 2024).

[C] Eslik Eden Hastaliklar ve Risk Faktorlerinin Yonetimi

AF'ye zemin hazirlayan risk faktorlerinin  kontroli;
semptomlar1 ve yasam kalitesini iyilestirmekte, niiksleri azaltmakta,
AF'nin ilerlemesini yavaslatmakta ve ritim kontrolii girisimlerinin
basarisin1 artirmaktadir (Rienstra et al., 2024). ESC 2024
kilavuzunda kilo verme, alkoliin azaltilmasi ve diizenli fiziksel
aktivite onerileri, 2020 kilavuzuna gore daha giiclii 6neri sinifina
ylikseltilmistir. Baglica hedefler Tablo 1'de 6zetlenmistir.

Tablo 1. AF'de eslik eden hastalik ve risk faktorii yonetiminde

baslica hedefler

Risk faktorii Oneri

Hipertansiyon Kan basincinin kilavuz hedeflerine indirilmesi; AF niiksiinii
ve ilerlemesini azaltmak i¢in temel 6nlem

Kalp yetmezligi Kilavuza dayali tedavinin optimizasyonu; sol ventrikiil
ejeksiyon fraksiyonundan bagimsiz olarak SGLT2 inhibitorii

Obezite Fazla kilolu ve obez hastalarda viicut agirliginin en az %10
azaltilmasi

Diyabet Etkin glisemik kontrol

Alkol Haftada en fazla 3 standart igki (yaklasik 30 g alkol) ya da
tamamen birakma

Fiziksel aktivite Haftada 150-300 dakika orta siddette ya da 75—150 dakika
yiiksek siddette aerobik aktivite

Obstriiktif uyku Tanida yalnizca semptom anketlerine dayanilmamasi; uygun

apnesi hastalarda tedavi

Kaynak: (Rienstra et al, 2024; Van Gelder et al., 2024) esas alimarak
hazirlannustir.

Bu onerilerin arkasinda giderek giiclenen klinik kanitlar
bulunmaktadir. LEGACY c¢alismasinda beden kitle indeksi 27
kg/m? ve lizerinde olan AF'li hastalarda viicut agirliginin en az %10
azaltilmasi, %3"in altindaki kilo kaybina gdre aritmisiz sagkalim
olasiligin1 yaklasik alti kat artirmistir (Pathak et al., 2015).
ARREST-AF ¢alismasinda ablasyon sonrasinda yogun risk faktori

yonetimine katilan hastalarda uzun donem aritmisiz sagkalim
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belirgin olarak daha yiiksek bulunmustur (Pathak et al., 2014).
Diizenli alkol tiiketen AF'li hastalarda alkoliin birakilmasi, alt1 aylik
izlemde AF niiksiini %73'ten %53'e indirmis ve AF yikiini
azaltmistir (Voskoboinik et al., 2020). ACTIVE-AF ¢alismasinda
alt1 aylik denetimli egzersiz ve fiziksel aktivite programi, 12 aylik
izlemde AF niksiini %80'den %60'a diislirmiis ve semptom
siddetini azaltmistir (Elliott, Verdicchio, et al., 2023).

Bu veriler, AF tedavisinin yalnizca kardiyologun degil,
birinci basamak hekimi, diyetisyen, uyku uzmani, fiziksel tip ve
rehabilitasyon uzmani ve hemsire gibi pek ¢ok saglik
profesyonelinin katilimin1 gerektiren ¢ok disiplinli bir siireg
oldugunu gostermektedir. Kardiyak rehabilitasyon programlari,
egzersiz recetesi ve yasam tarzi damismanliginin yapilandirilmis
bicimde sunulabilecegi uygun bir ortam saglar.

[A] Inme ve Tromboemboliden Korunma

Inme riskinin degerlendirilmesi

Oral antikoagiilasyon, AF'li hastalarda iskemik inme ve
tromboemboliyi 6nlemede etkinligi kanitlanmis temel farmakolojik
yaklagimdir. Antitrombosit ilaglar tek basina inme 6nleme amaciyla
kullanilmamalidir (Rienstra et al., 2024; Van Gelder et al., 2024).
Antikoagiilasyon karar1 AF'nin tipine (paroksismal, persistan ya da
kalic1), semptomlarin varligina ya da siniis ritminin siirdiiriiliip
stirdiiriilmedigine gore degil, hastanin tromboembolik risk profiline
gore verilmelidir. Nitekim inme ile AF epizotlar arasinda zamansal
bir iligki gosterilememistir (Rienstra et al., 2024).

ESC 2024 kilavuzu, yerel olarak gecerliligi gosterilmis bir
risk skoru bulunmadiginda, uzun yillar kullanilan CHA>DS>-VASc
skorunun (Lip et al., 2010) yerine cinsiyet kriterinin ¢ikarildigi
CHA:DS:-VA skorunun kullanilmasmi onermektedir (Tablo 2).
Kadin cinsiyeti, ancak zaten antikoagiilasyon endikasyonu bulunan

ileri yastaki hastalarda risk degistirici olarak rol oynadigindan karar
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siirecine katki saglamamaktadir. Bu degisiklikle esik degerler kadin
ve erkekler icin ayni1 hale getirilmistir (Rienstra et al., 2024; Van
Gelder et al., 2024).

Tablo 2. CHA>DS:-VA skoru

Harf | Risk faktorii Puan

C Konjestif kalp yetmezligi 1

H Hipertansiyon 1

A» Yas >75 2

D Diabetes mellitus 1

S2 Gegirilmis inme, gegici iskemik atak ya da arteriyel 2
tromboemboli

v Vaskiiler hastalik (gegirilmis miyokard enfarktiisii, periferik arter | 1
hastalig1, aort plagi)

A Yas 65-74 1

Kaynak: (Van Gelder et al., 2024) esas alinarak hazirlanmigtir.

CHA:DS>-VA skoru 2 ve iizerinde olan hastalarda oral
antikoagiilasyon Onerilir, skoru 1 olan hastalarda ise bireysel risk
ve hasta tercihi gozetilerek ortak kararla diisiiniilmelidir.
Hipertrofik kardiyomiyopati ve kardiyak amiloidozu olan
hastalarda antikoagiilasyon skordan bagimsiz olarak Onerilir.
Tromboembolik risk zaman i¢inde degistiginden diizenli araliklarla
yeniden degerlendirilmelidir (Rienstra et al., 2024; Van Gelder et
al., 2024).

Dogrudan etkili oral antikoagiilanlar

Mekanik kapak protezi ya da orta—agir mitral darlig
olmayan hastalarda DOAK'lar, vitamin K antagonistlerine (VKA)
tercih edilmektedir (Van Gelder et al.,, 2024). Dabigatran,
rivaroksaban, apiksaban ve edoksaban, varfarinle karsilastirildiklari
bliylikk randomize c¢alismalarda inme ve sistemik embolinin
onlenmesinde en az varfarin kadar etkili bulunmus, intrakraniyal
kanama riskini ise belirgin olarak azaltmistir (Connolly et al., 2009;
Giugliano et al., 2013; Granger et al., 2011; Patel et al., 2011). Bu
dort caligmanin  71.683 hastayr kapsayan meta-analizinde
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DOAK'lar varfarine gore inme ve sistemik emboliyi %19, tiim
nedenlere bagli 6liimii %10 ve intrakraniyal kanamay1 yaklasik yari
yariya azaltmig; gastrointestinal kanama ise bir miktar artmistir
(Ruff et al., 2014).

DOAK'larin  etkinligi ve gilivenligi dogru dozla
kullanilmalarima baghdir. Giincel kilavuz, {rlin bilgilerinde
tanimlanan doz azaltma Kkriterleri karsilanmadik¢ca tam doz
kullanilmasin1 6nermekte; uygunsuz diisiik dozun kanama riskini
azaltmadan inme riskini artirdigin1 vurgulamaktadir (Rienstra et al.,
2024; Van Gelder et al., 2024). Standart dozlar ve doz azaltma
Olciitleri Tablo 3'te Ozetlenmistir. Bobrek fonksiyonu Cockeroft—
Gault formiiliiyle hesaplanan kreatinin klirensi ile degerlendirilmeli
ve izlem sirasinda diizenli olarak tekrarlanmalidir.

Tablo 3. DOAK 'larin standart ve azaltiimis dozlar

ila¢ Standart Azaltilmis | Doz azaltma olciitleri
doz doz

Dabigatran 2x150mg | 2 x 110 mg | Yas >80 ya da verapamil kullanimy;
75-80 yas ya da yiiksek kanama
riskinde 2 % 110 mg diisiiniilebilir.
Kreatinin klirensi <30 mL/dk ise
kullanilmaz

Rivaroksaban | 1 x 20 mg 1 x 15mg | Kreatinin klirensi 15-49 mL/dk
(yemekle)

Apiksaban 2 x5 mg 2 x2,5mg | Su i 6lgiitten en az ikisi: yag >80,
viicut agirligi <60 kg, serum
kreatinini >1,5 mg/dL. Ayrica
kreatinin klirensi 15-29 mL/dk ise
azaltilmis doz

Edoksaban 1 x 60 mg 1 x30mg | Kreatinin klirensi 15-50 mL/dk,
viicut agirhigr <60 kg ya da
siklosporin, dronedaron, eritromisin
veya ketokonazol ile birlikte
kullanim

Kaynak: (Van Gelder et al., 2024) ve ilgili iiriin bilgileri esas alimarak
hazirlannustir.
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Kanama riskinin yonetimi

Kanama riskinin degerlendirilmesi, antikoagiilasyondan
kacinmak i¢in degil, degistirilebilir kanama risk faktorlerini
saptaylp diizeltmek i¢in yapilmalidir. HAS-BLED gibi skorlar
yiiksek riskli hastalar1 belirlemede yardimer olabilir (Pisters et al.,
2010); ancak giincel kilavuz, kanama risk skorlarinin tek basina
antikoagiilasyonu esirgemek i¢in kullanilmamasini 6nermektedir
(Van Gelder et al., 2024). Kontrolsiiz hipertansiyon, es zamanli
antitrombosit ya da nonsteroid antiinflamatuvar ilag kullanimi, asir1
alkol tiiketimi, anemi ve VKA kullananlarda degisken INR
degerleri, diizeltilebilir baglica risk faktorleridir. Tiirkiye
kayitlarinda kanama riski yliksek goriilen hastalarda antikoagiilan
yerine antitrombosit ilag tercih edilmesi (Saym et al., 2019), bu
konuda farkindaligin artirilmasi geregine isaret etmektedir.

Ozel hasta gruplan

Ileri yastaki hastalarda antikoagiilasyondan kaginma egilimi
sik goriilmekle birlikte, inme riski en yiiksek grup da bu hastalardr.
Standart doz antikoagiilan i¢in uygun goriilmeyen 80 yas ve
tizerindeki  Japon  hastalarda  yapilan = ELDERCARE-AF
calismasinda giinde 15 mg edoksaban, plaseboya gore inme ve
sistemik emboliyi yillik %6,7'den %2,3'e indirmis, major kanamada
ise anlamli olmayan bir artis gézlenmistir (Okumura et al., 2020).
Buna karsiik FRAIL-AF calismasinda, INR takibiyle VKA
kullanan 75 yas ve Tlzerindeki kirilgan hastalarm DOAK'a
gecirilmesi, tromboembolik  olaylar1  azaltmadan kanama
komplikasyonlarini artirmigtir (risk oranit 1,69) (Joosten et al.,
2024). Bu nedenle VKA ile stabil seyreden kirillgan yasl hastalarda
rutin gegis yerine bireysel degerlendirme uygundur.

Akut koroner sendrom geciren ya da perkiitan koroner
girisim (PKG) uygulanan AF'li hastalarda antitrombotik tedavinin
siiresi ve bilesimi kanama riski agisindan kritiktir. AUGUSTUS
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caligmasinda P2Y12 inhibitérii kullanan hastalarda apiksaban,
VKA'ya gore daha az kanamaya yol agmis; aspirinin tedaviye
eklenmesi ise kanamay1 artirmis, iskemik olaylarda anlamli bir fark
gostermemistir  (Lopes et al, 2019). Giincel yaklasimda
komplikasyonsuz PKG sonrasinda aspirin erken donemde (ilk bir
hafta icinde) kesilerek oral antikoagiilan ve P2Y12 inhibitorii
(tercihen klopidogrel) ile ikili tedaviye gecilmesi, akut koroner
sendromda genellikle 12 aya, kronik koroner sendromda 6 aya
kadar siirdiiriildiikten sonra tek basina oral antikoagiilan tedaviyle
devam edilmesi Onerilmektedir. Bu siireler bireysel iskemik ve
kanama riskine gore kisaltilabilir ya da uzatilabilir (Van Gelder et
al., 2024).

Cihazla saptanan subklinik AF'de antikoagiilasyonun yeri
iki biiylik randomize calismayla degerlendirilmistir. ARTESIA
calismasinda 6 dakika ile 24 saat arasinda siiren subklinik AF
epizotlari olan hastalarda apiksaban, aspirine gore inme ve sistemik
emboliyi azaltmis, ancak major kanamay1 artirmistir (Healey et al.,
2024). Atriyal yiiksek hizli epizotlar1 olan hastalarda edoksabanin
plaseboyla karsilagtirildigt NOAH-AFNET 6 calismas: ise etkinlik
saptanmamasi1  ve  giivenlik  kaygilar1  nedeniyle  erken
sonlandirilmistir (Kirchhof et al., 2023). Bu veriler 151831nda ESC
2024 kilavuzu, subklinik AF'de DOAK tedavisinin yalnizca inme
riski yiikksek ve kanama riski diisiik secilmis hastalarda
diisiiniilebilecegini belirtmektedir. Bu hastalarda klinik AF'ye
ilerleme yillik %6-9 oraninda gergeklestiginden diizenli izlem
onemlidir (Rienstra et al., 2024).

Antikoagiilan tedavi altindayken iskemik inme gegiren
hastalarda inmenin kardiyoembolik olmayan nedenleri, ilag¢ uyumu
ve dozun uygunlugu ayrintili olarak arastirilmalidir. Bu hastalarda
antikoagiilana antitrombosit ilag eklenmesi ya da herhangi bir
gerekge  olmaksizin  bir DOAK'tan  digerine  gecilmesi
onerilmemektedir (Rienstra et al., 2024; Van Gelder et al., 2024).
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Iskemik inme sonrasi antikoagiillasyonun zamanlamasi

AF'ye bagl akut iskemik inme geciren hastalarda oral
antikoagiilasyonun ne zaman baslatilacagi, erken donemde
yineleyen inme riski ile kanamali doniisim riski arasinda denge
kurmay1 gerektirir. Gegmiste uzman goriisiine dayanan ve inmenin
agirligina gore baglangict 1 ile 12 giin arasinda geciktiren
yaklasimlar yaygin olarak kullanilmistir. Son yillarda yapilan
randomize ¢aligmalar, uygun hastalarda DOAK''n erken
baglatilmasinin giivenli oldugunu gostermistir. ELAN c¢aligsmasinda
2013 hastada, hafif ve orta inmede 48 saat i¢inde, agir inmede 6—7.
giinde baglatilan erken tedavi, kilavuz temelli ge¢ baslangicla
karsilagtirilmistir. Otuz giinliik yineleyen iskemik inme, sistemik
emboli, major kanama, semptomatik intrakraniyal kanama ve
vaskiiler 6liimden olusan birlesik sonlanim erken grupta %2,9, ge¢
grupta %4,1 bulunmus; semptomatik intrakraniyal kanama her iki
grupta da %0,2 oraninda kalmistir (Fischer et al., 2023). TIMING
calismasinda inmeden sonraki ilk 4 giin i¢inde baslatilan DOAK,
5-10. gilinde baslatilan tedaviden daha kotii bulunmamis ve her iki
grupta da semptomatik intrakraniyal kanama goriilmemistir
(Oldgren et al., 2022). En kapsamli calisma olan OPTIMAS'ta
randomize edilen 3648 hastadan analize alinan 3621 hastada ilk 4
giin i¢cinde baslanan tedavi, 7—14. giinde baslanan tedaviden daha
kotii bulunmamis; 90 giinliik birlesik sonlanim her iki grupta
da %3,3, semptomatik intrakraniyal kanama ise sirasiyla %0,6
ve %0,7 olmustur (Werring et al., 2024). Bu veriler, kanamali
doniisiimii olmayan ve kanama riski yiiksek goriilmeyen hastalarda
DOAK tedavisinin inme agirhigt ve goriintiileme bulgular
gozetilerek erken donemde baglatilabilecegini desteklemektedir.
Karar, noroloji ile birlikte ve hastaya gore bireysel olarak
verilmelidir (Van Gelder et al., 2024).



Sol atriyal apendiks kapatilmasi

AF ile iliskili sol atriyal trombiislerin %90'imdan fazlasi sol
atriyal apendikste yerlesir (Rienstra et al., 2024). LAAOS III
caligmasinda baska bir nedenle kalp cerrahisi uygulanan AF'li
hastalarda cerrahi sirasinda sol atriyal apendiksin kapatilmasi,
ortalama 3,8 yillik izlemde iskemik inme ve sistemik emboliyi
yaklasik iicte bir oraninda azaltmistir (%4,8'e karst %7,0). Bu
calismada hastalarin  biliylikk boliimii  antikoagiilan tedaviyi
sirdiirmiistiir (Whitlock et al., 2021). Bu nedenle kalp cerrahisi
uygulanan AF'li hastalarda cerrahi apendiks kapatilmasi, oral
antikoagiilasyona ek bir dnlem olarak onerilmektedir. Perkiitan sol
atriyal apendiks kapatilmasi ise uzun siireli antikoagiilasyon ig¢in
kontrendikasyonu bulunan secilmis hastalarda diistiniilebilecek bir
secenektir (Van Gelder et al., 2024).

[R] Hiz ve Ritim Kontroliiyle Semptomlarin Azaltilmasi

Hiz kontrolii

Hiz kontrolii, AF'li hastalarin biiyiik ¢ogunlugunda
tedavinin 6nemli bir bilesenidir ve ¢ogu zaman ilk basvuruda
semptomlar1 hafifletmek i¢in ilk adimdir. Baslangi¢ yaklasimi ise
klinik duruma ve segilen stratejiye gore belirlenir. RACE II
calismasinda kalic1 AF'li hastalarda istirahat kalp hizinin 110/dk'nin
altinda tutulmasini hedefleyen esnek hiz kontrolii, 80/dk'nin altini
hedefleyen siki kontrole gore klinik sonlanimlar agisindan daha
kotii bulunmamistir (Van Gelder et al., 2010). Bu nedenle baglangic
hedefi olarak istirahat kalp hizinin 110/dk'nin altinda olmasi1 kabul
edilmekte, semptomlar siirerse daha siki hedefler gozetilmektedir
(Van Gelder et al., 2024).

Beta blokerler ve digoksin sol ventrikiil ejeksiyon
fraksiyonundan bagimsiz olarak, nondihidropiridin kalsiyum kanal
blokerleri (diltiazem ve verapamil) ise ejeksiyon fraksiyonu %40'in

iizerinde olan hastalarda kullanilabilir. RATE-AF c¢aligsmasinda
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kalic1 AF ve kalp yetmezligi semptomlari olan 60 yas ve lizerindeki
hastalarda digoksin ile bisoprolol arasinda alt1 aylik yasam kalitesi
acisindan fark bulunmamais, digoksin grubunda ise yan etkiler daha
az gorilmiistiir (Kotecha et al., 2020). Bu bulgu, giincel kilavuzda
digoksinin 6neri diizeyinin yiikseltilmesine katk1 saglamustir. ilagla
yeterli hiz kontrolii saglanamayan hastalarda kalp pili
implantasyonunu takiben atriyoventrikiiler diiglim ablasyonu
("pace and ablate" stratejisi) etkili bir segenektir (Van Gelder et al.,
2024).

Ritim kontrolii: kanitlarin degisen yiizii

AFFIRM ve AF-CHF gibi erken donem ¢alismalarda,
agirlikli olarak antiaritmik ilaclarla saglanan ritim kontroliiniin hiz
kontroliine gore sagkalim iistiinliigii gosterilememistir (Roy et al.,
2008; Wyse et al., 2002). Bu sonuglar uzun yillar boyunca ritim
kontroliiniin yalnizca semptomatik hastalara ayrilmasina yol
acmistir. Ancak bu calismalarda AF tanist uzun siiredir bulunan
hastalarin yer almasi, kullanilan antiaritmik ilaglarin yan etkileri ve
ablasyonun heniiz yaygin olmamasi sonuglar etkilemistir.

EAST-AFNET 4 calismasi bu bakis agisin1 degistirmistir.
AF tanis1 bir yildan kisa siire 6nce konmus ve kardiyovaskiiler risk
faktorleri tasiyan 2789 hastada, antiaritmik ilaclar ya da ablasyonla
saglanan erken ritim kontrolii olagan bakima gore kardiyovaskiiler
olim, inme ve kalp yetmezligi ya da akut koroner sendrom
nedeniyle hastaneye yatistan olusan birlesik sonlanimi anlamli
olarak azaltmistir (100 hasta-y1l1 basina 3,9'a kars1 5,0) (Kirchhof et
al., 2020). Bu sonu¢ dogrultusunda giincel kilavuz, inme riski
yliksek secilmis hastalarda tanidan sonraki 12 ay iginde ritim
kontrolii stratejisinin diigiiniilmesini dnermektedir. Bununla birlikte
EAST-AFNET 4'e alinan hastalarin tanidan ortanca 36 giin sonra
randomize edildigi, yarisindan fazlasinin baslangigta siniis ritminde
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oldugu ve yaklasik iicte birinin semptomsuz oldugu goéz Oniinde
bulundurulmalidir (Rienstra et al., 2024).

Kardiyoversiyon

Hemodinamik agidan stabil olmayan hastalarda acil
elektriksel kardiyoversiyon uygulanir. Stabil hastalarda ise yeni
baglayan AF'nin biiyiik boliimiiniin kendiliginden siniis ritmine
dondiigii bilinmektedir. RACE 7 ACWAS calismasinda yalnizca hiz
kontrolii verilip gerektiginde 48 saat iginde kardiyoversiyon
uygulanan "bekle ve gor" yaklasiminda hastalarin @ %69u
kendiliginden siniis ritmine donmiis; dordiincii haftada sinis
ritminde olma oram1  agisindan bu  yaklasim  erken
kardiyoversiyondan daha kétii bulunmamistir (%91'e karsi %94)
(Pluymaekers et al., 2019). Bu nedenle giincel kilavuz,
hemodinamisi stabil hastalarda ortak karar verme siireci icinde
bekle ve gor yaklasiminin diisiiniilmesini 6nermektedir (Van Gelder
et al., 2024).

Kardiyoversiyona bagli tromboemboli riskini azaltmak i¢in
ESC 2024 kilavuzunda énemli bir degisiklik yapilmistir. Onceki
kilavuzda 48 saat olarak kabul edilen ve bu siireden kisa AF'de
antikoagiilasyon ya da trombiis taramast olmaksizin erken
kardiyoversiyona izin veren sinir 24 saate indirilmistir. Buna gore
AF siiresi kesin olarak 24 saatten kisa degilse, kardiyoversiyondan
once en az li¢ hafta etkin antikoagiilasyon uygulanmasi ya da
transozofageal  ekokardiyografiyle  intrakardiyak  trombiis
dislanmas1 gerekir (Rienstra et al., 2024; Van Gelder et al., 2024).
Kardiyoversiyon sonrasinda en az dort hafta antikoagiilasyon
stirdiriilmeli, sonraki tedavi ise inme risk profiline gore
belirlenmelidir. Farmakolojik kardiyoversiyonda yapisal kalp
hastaligi olmayan hastalarda flekainid ya da propafenon, yapisal
kalp hastaligi ya da kalp yetmezligi olanlarda amiodaron
kullanilabilir.
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Antiaritmik ilaclar

Uzun donem siniis ritminin stirdiiriilmesinde antiaritmik ilag
se¢imi biiyiik olclide altta yatan yapisal kalp hastaligina gore yapilir.
Belirgin yapisal ya da iskemik kalp hastaligt bulunmayan
hastalarda flekainid ve propafenon, sol ventrikiil fonksiyonu
korunmus ya da hafif azalmis hastalarda dronedaron (kalict AF'de
ve yakin zamanda dekompanse olmus kalp yetmezliginde
kullanilmaz), kalp yetmezligi ve azalmis ejeksiyon fraksiyonu olan
hastalarda ise amiodaron tercih edilebilir. Amiodaron en etkili ilag
olmakla birlikte tiroid, akciger, karaciger ve goz iizerindeki yan
etkileri nedeniyle uzun donem kullanimda dikkatli izlem gerektirir.
Sotalol ise QT uzamasi ve proaritmi riski nedeniyle yakin EKG ve
bobrek fonksiyonu takibiyle kullanilmalidir (Joglar et al., 2024;
Van Gelder et al., 2024).

Kateter ablasyonu

Pulmoner ven izolasyonu, AF ablasyonunun temel tasidir.
Antiaritmik ilaglara direngli ya da bu ilaglar1 tolere edemeyen
paroksismal ve persistan AF'li hastalarda kateter ablasyonu uzun
stiredir onerilen tedavidir. CABANA calismasinda ablasyon, niyet-
tedavi analizinde oOliim, agir inme, ciddi kanama ve kardiyak
arrestten olusan birincil sonlanimi anlamli olarak azaltmamistir.
Bununla birlikte gruplar arast gegisin yiiksek oldugu bu calismada
ablasyon AF niiksilinli azaltmis ve yasam kalitesini iyilestirmistir
(Packer et al., 2019). Daha Once antiaritmik ila¢ kullanmamis
paroksismal AF'li hastalarda yapilan EARLY-AF c¢alismasinda ilk
basamak kriyobalon ablasyonu, bir yillik izlemde atriyal tagiaritmi
niiksiinii antiaritmik ila¢ tedavisine gore belirgin olarak azaltmigtir
(%42,9'a karst %67,8) (Andrade et al., 2021). Bu ve benzeri
calismalara dayanarak ESC 2024 kilavuzu, paroksismal AF'de
kateter ablasyonunu ortak karar verme siireci icinde ilk basamak
ritim kontrolii secenegi olarak Onermektedir. Secilmis persistan
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AF'li hastalarda da ilk basamak ablasyon diisiiniilebilir (Rienstra et
al., 2024; Van Gelder et al., 2024). Ancak "ilk basamak" se¢enegin
her hastaya ilk atakta ablasyon uygulanmasi anlamina gelmedigi
vurgulanmalidir. Siirekli izlem yapilan c¢alismalarda paroksismal
AF'li hastalarin yaklasik dortte birinde {i¢ yil boyunca hi¢ ya da
yalnizca bir kez niiks goriilmiistiir. Ablasyonun {istiinliigli ise ayda
ortanca ili¢ semptomatik atak yasayan hastalarda gosterilmistir
(Rienstra et al., 2024).

Kalp yetmezligi ve azalmis ejeksiyon fraksiyonu olan
hastalarda ablasyon prognostik yarar da saglayabilir. CASTLE-AF
calismasinda ejeksiyon fraksiyonu %35 ve altinda olan ve implante
edilebilir defibrilatorii bulunan hastalarda ablasyon, tiim nedenlere
bagl o6liim ve kalp yetmezligi nedeniyle hastaneye yatistan olusan
birlesik sonlanimi ila¢ tedavisine gore anlamli olarak azaltmistir
(%28,5'e kars1 %44,6) (Marrouche et al., 2018). Kalp nakli
acisindan degerlendirilen son evre kalp yetmezligi hastalarinda
yapilan CASTLE-HTx ¢alismasinda da ablasyon; o&liim, sol
ventrikiil destek cihazi implantasyonu ve acil kalp naklinden olusan
birlesik sonlanimi belirgin olarak azaltmis ve g¢alisma etkinlik
nedeniyle erken sonlandirilmistir (Sohns et al., 2023). Giincel
kilavuz, tasikardiye bagli kardiyomiyopatiden siiphelenilen
hastalarda sol ventrikiil fonksiyonunun diizelmesi amaciyla
ablasyonu oOnermekte; kalp yetmezligi ve azalmis ejeksiyon
fraksiyonu olan secilmis diger hastalarda ise yatis ve 6liim riskini
azaltmak amaciyla ablasyonun diisiiniilmesini Onermektedir. Bu
alandaki c¢alismalarin sonuclar1 tliimiiyle tutarli olmadigindan
bireysel degerlendirme gereklidir (Rienstra et al., 2024; Van Gelder
et al., 2024).

Ablasyon teknolojisindeki en 6nemli yenilik, atimli alan
ablasyonudur (pulsed field ablation). Bu yontemde 1s1 yerine kisa
stireli yliksek voltajli elektrik alanlariyla elektroporasyon yoluyla
doku hasar1 olusturulur. Miyokard dokusuna gorece segici etkisi
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sayesinde Ozofagus ve frenik sinir gibi komsu yapilarin hasar
gorme riskinin azalmasi beklenmektedir. Antiaritmik ilaglara
direngli  paroksismal AF'li hastalarda yapilan ADVENT
calismasinda atimhi alan radyofrekans ya da
kriyobalonla yapilan konvansiyonel termal ablasyona gore etkinlik
ve giivenlik acisindan daha koti bulunmamistir (Reddy et al.,

ablasyonu,

2023). Ablasyon sonrasinda tromboembolik riskten bagimsiz olarak
tiim hastalarda en az iki ay oral antikoagiilasyon siirdiiriilmeli; bu
siirenin ardindan antikoagiilasyona devam karar1 ise ablasyonun
basarisina gore degil, hastanin inme risk profiline gore verilmelidir
(Van Gelder et al., 2024).

Ritim  kontroliinii  bigimlendiren randomize

calismalar Tablo 4'te 6zetlenmistir.

baslica

Tablo 4. Ritim kontrolii stratejisini bi¢cimlendiren baglica randomize

calismalar
Calisma Hasta grubu Karsilastirma Ana bulgu
EAST- Tanis1 <1 yil, Erken ritim Kardiyovaskiiler 6liim,
AFNET 4 kardiyovaskiiler kontrolii ve inme ve hastaneye
(2020) risk faktorii tagiyan | olagan bakim yatigtan olusan birlesik
2789 hasta sonlanimda azalma
CASTLE- | Ejeksiyon Kateter Oliim ve kalp
AF (2018) | fraksiyonu <%35, ablasyonu ve ila¢ | yetmezligi nedeniyle
defibrilatorii olan tedavisi yatigta azalma
363 hasta
CASTLE- | Son evre kalp Kateter Oliim, sol ventrikiil
HTx yetmezligi olan 194 | ablasyonu ve ilag | destek cihazi ve acil
(2023) hasta tedavisi nakil birlesik
sonlaniminda azalma
CABANA | AF'li 2204 hasta Kateter Birincil sonlanimda
(2019) ablasyonu ve anlamli fark yok; niiks
antiaritmik ilag azalmis, yasam kalitesi
iyilesmis
EARLY-AF | Tedavi almamis [k basamak Bir yilda atriyal
(2021) paroksismal AF'li kriyoablasyon ve | tasiaritmi niiksiinde
303 hasta antiaritmik ilag azalma
ADVENT | ilaca direngli Atiml1 alan Etkinlik ve giivenlikte
(2023) paroksismal AF'li ablasyonu ve esdegerlik
607 hasta termal ablasyon
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Kaynak: (Andrade et al., 2021; Kirchhof et al., 2020, Marrouche et al., 2018;
Packer et al., 2019; Reddy et al., 2023; Sohns et al., 2023) esas alinarak
hazirlanmstir.

Gebelikte Atriyal Fibrilasyon

AF gebelikte nadir goriiliir ve ¢ogunlukla yapisal ya da
dogumsal kalp hastaligi olan kadinlarda ortaya ¢ikar. Gebelikte
gelisen AF, anne ve fetiis acisindan artmis riskle iligkili oldugundan
bu hastalar kardiyoloji, kadin hastaliklar1 ve dogum ile
anesteziyolojinin birlikte yer aldig1 bir ekip tarafindan izlenmelidir
(Regitz-Zagrosek et al., 2018; Van Gelder et al., 2024).

Hemodinamik  bozulmanin  eslik ettigi  durumlarda
elektriksel kardiyoversiyon gebeligin tiim donemlerinde giivenle
uygulanabilir. Fetal kalp hizinin izlenmesi 6nerilir. Hiz kontroliinde
ilk secenek kardiyoselektif beta blokerlerdir. Fetal biiylime
geriligiyle iligkili oldugu icin atenololden kag¢inilmalidir. Beta
blokerlerin yetersiz kaldig1 durumlarda digoksin ya da verapamil
kullanilabilir. Ritim kontrolii gerektiginde, yapisal kalp hastalig
olmayan hastalarda flekainid ya da sotalol disiiniilebilir.
Amiodaron ise fetiiste tiroid islev bozuklugu riski nedeniyle
yalnizca diger segenekler yetersiz kaldiginda kullanilmalidir
(Regitz-Zagrosek et al., 2018).

Gebelikte inme riski degerlendirmesi gebe olmayan
hastalardakiyle ayni ilkelere dayanir. Ancak DOAK'lar gebelikte ve
emzirme  doneminde  kullanilmamalidir.  Antikoagiilasyon
gerektiginde gebeligin donemine gore diisik molekiil agirlikl
heparin ya da VKA tercih edilir. VKA'lar 6zellikle ilk trimesterde
embriyopati riski tasidigindan bu donemde genellikle diisiik
molekiil agirlikli heparin kullanilir. Dogumdan 6nce antikoagiilan
tedavinin planlanmasi 6nem tasir (Regitz-Zagrosek et al., 2018;
Van Gelder et al., 2024). Antikoagiilasyon ihtiyac1 olabilecek
dogurganlik cagindaki AF'li kadinlarda gebelik planlamasinin
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onceden konusulmasi, ila¢ degisikliginin zamaninda yapilmasini
saglar.

[E] Degerlendirme ve Dinamik Yeniden Degerlendirme

AF-CARE cercevesinin son bileseni, AF'nin ve hastanin
klinik durumunun zaman i¢inde degisen dogasini vurgular.
Baslangicta yapilan kapsamli degerlendirme, hasta izlendikce
diizenli araliklarla giincellenmelidir. Her kontrolde semptomlar ve
yasam kalitesi, AF Oriintiisii ve yiikii, inme ve kanama riski, bobrek
fonksiyonu ve buna bagli DOAK dozu, ila¢ uyumu ve etkilesimleri
ile eslik eden hastaliklarin ve risk faktorlerinin kontrolii gézden
gecirilmelidir (Rienstra et al.,, 2024; Van Gelder et al., 2024).
Ozellikle ileri yastaki hastalarda bobrek fonksiyonundaki
degisiklikler, kirilganlik ve ¢oklu ila¢ kullanimi tedavinin yeniden
diizenlenmesini gerektirebilir.

Kilavuzun uygulamaya gecirilmesinde hasta merkezli, ¢ok
disiplinli ve paylasilan bakim modeli 6ne ¢ikarilmaktadir. Hasta ve
yakinlarinin  egitimi, ortak karar verme ve kendi kendini
yonetmenin desteklenmesi bu modelin temel bilesenleridir. ESC'nin
2024 kilavuzuyla es zamanl olarak bir hasta siirimii yayimlamasi
da bu yaklasimin bir yansimasidir (Rienstra et al., 2024). Mobil
saglik uygulamalar1 ve uzaktan izlem gibi dijital araclar, biitiinciil
AF bakiminin izlenmesini kolaylastirma potansiyeli tagimaktadir
(Linz et al., 2024).

Sonu¢

AF, yaglanan toplumda giderek artan sikligi ve ciddi
komplikasyonlariyla 6nemli bir halk sagligi sorunudur. Giincel
kilavuzlar AF'yi yalnmizca bir ritim bozuklugu olarak degil; risk
faktorleri, eslik eden hastaliklar ve atriyal yeniden sekillenmeyle
ilerleyen kronik bir hastalik olarak ele almaktadir. ESC 2024
kilavuzunun AF-CARE cergevesi; risk faktorii yonetimini tedavinin

merkezine yerlestirmekte, cinsiyetten bagimsiz CHA:DS:-VA
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skoruyla antikoagiilasyon kararmi sadelestirmekte, DOAK'larin
tam dozda kullanimini vurgulamakta, paroksismal AF'de kateter
ablasyonunu ilk basamak secenekler arasina almakta ve
kardiyoversiyonda hasta giivenligini 6ne ¢ikarmaktadir.

Tiirkiye verileri, inme Onlemede son yillarda belirgin bir
iyilesme oldugunu, ancak ritim kontrolii stratejilerinin, risk faktori
yonetiminin  ve  yapilandirilmis  izlemin heniliz  yeterince
uygulanmadigimi  gostermektedir. AF'li  hastalarin  bakiminda
kardiyoloji basta olmak {iizere birinci basamak, néroloji, kalp
cerrahisi, fiziksel tip ve rehabilitasyon ve hemsirelik alanlarinin
esgiidiim icinde calistigi, hastay1 karar siirecine katan biitlinciil bir
yaklagimin benimsenmesi, kilavuz Onerilerinin gilinliikk pratige
yansimasini kolaylastiracaktir.
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Introduction

Timely reperfusion of the infarct-related artery is the
cornerstone of treatment in ST-segment elevation myocardial
infarction (STEMI). Primary percutaneous coronary intervention
(PCI) has substantially improved survival by restoring epicardial
coronary flow and limiting infarct size. However, restoration of
epicardial patency does not always translate into adequate
myocardial tissue perfusion. A considerable proportion of patients
exhibit impaired microvascular reperfusion despite successful
recanalization of the culprit artery, a phenomenon commonly
referred to as microvascular obstruction or no-reflow (Niccoli, et al.,
2016).

Microvascular dysfunction after acute myocardial infarction
is clinically important because it is strongly associated with larger
infarct size, adverse left ventricular remodeling, heart failure, and
increased mortality. Several studies have demonstrated that markers
of tissue-level reperfusion provide prognostic information beyond
epicardial coronary flow parameters such as TIMI flow grade (van 't
Hof, et al., 1998). Consequently, the concept of reperfusion success
in contemporary STEMI management extends beyond reopening the
epicardial vessel and includes the restoration of adequate
microvascular circulation.

The pathophysiology of impaired myocardial reperfusion is
complex and multifactorial. Proposed mechanisms include distal
embolization of atherothrombotic debris, endothelial swelling,
inflammatory activation, oxidative stress, and microvascular
thrombosis occurring during ischemia and subsequent reperfusion
(Hausenloy, et al., 2019). These mechanisms can lead to structural
and functional damage of the coronary microcirculation, ultimately
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limiting oxygen delivery to the ischemic myocardium even after the
epicardial artery has been successfully treated.

Clinical and metabolic factors also influence the
vulnerability of the coronary microvasculature. In recent years,
increasing attention has been directed toward the role of chronic
metabolic abnormalities, particularly dysglycemia, in modulating
microvascular function. Chronic hyperglycemia contributes to
endothelial dysfunction, increased oxidative stress, and activation of
pro-inflammatory and pro-thrombotic pathways, all of which may
predispose the coronary microcirculation to reperfusion injury
(Beckman, et al., 2013).

Glycated hemoglobin (HbAlc) reflects average blood
glucose levels over the preceding two to three months and has
emerged as a robust marker of chronic glycemic exposure. Elevated
HbAlc levels have been associated with increased cardiovascular
risk in both diabetic and non-diabetic populations and may provide
insight into cumulative vascular injury (Selvin, et al., 2010).
Understanding the relationship between chronic glycemic burden
and myocardial microvascular reperfusion may therefore improve
risk stratification and therapeutic strategies in patients presenting
with STEML.

Coronary Microvascular Reperfusion in STEMI

The coronary microcirculation plays a critical role in
determining the extent of myocardial injury during acute myocardial
infarction. Although the restoration of epicardial coronary artery
patency represents the primary objective of reperfusion therapy,
adequate perfusion at the level of the myocardial microvasculature
is required to deliver oxygen and nutrients to the ischemic tissue.
The coronary microvascular network consists of small
intramyocardial arterioles, capillaries, and venules that regulate
myocardial blood flow according to metabolic demands. Structural
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and functional integrity of this network is therefore essential for
effective myocardial salvage following reperfusion therapy (Camici,
& Crea, 2007).

During STEMI, prolonged ischemia leads to profound
alterations within the microvascular environment. Endothelial cells
become swollen, capillary lumens narrow, and leukocyte adhesion
increases within the microcirculation. These changes contribute to
impaired capillary perfusion even after successful reopening of the
infarct-related artery. In addition, distal embolization of thrombotic
and atherosclerotic debris during PCI may obstruct small
intramyocardial vessels, further compromising tissue-level
perfusion (Henriques, et al., 2002).

Ischemia—reperfusion injury also plays a major role in the
development of microvascular dysfunction. The sudden restoration
of blood flow after prolonged ischemia triggers a cascade of
biochemical and cellular processes including oxidative stress,
calcium overload, mitochondrial dysfunction, and inflammatory
activation. These mechanisms may cause direct damage to
endothelial cells and cardiomyocytes, resulting in microvascular
collapse and capillary destruction (Heusch, 2019).

Experimental and clinical studies have demonstrated that
microvascular obstruction can occur despite optimal epicardial
reperfusion. CMR imaging studies have shown that microvascular
obstruction is strongly associated with larger infarct size and worse
left ventricular functional recovery following STEMI. Moreover,
patients with microvascular obstruction have a significantly higher
risk of heart failure and long-term mortality compared with those
with preserved microvascular perfusion (van Kranenburg, et al.,
2014). The principal mechanisms contributing to coronary
microvascular dysfunction during acute myocardial infarction are
summarized in Table 1.
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Table 1. Mechanisms of Coronary Microvascular Dysfunction in STEMI

Mechanism

Pathophysiology

Clinical Impact

Distal embolization

Endothelial swelling

Inflammation

Oxidative stress

Microvascular
thrombosis

Plaque and thrombus debris migrate to distal
microcirculation during PCI

Ischemia causes endothelial cell edema and
capillary narrowing

Leukocyte adhesion and cytokine release damage
microvascular endothelium

Reperfusion generates reactive oxygen species

Platelet aggregation and coagulation activation

Microvascular obstruction, impaired

myocardial perfusion

Reduced capillary flow

Microvascular plugging

Endothelial injury and vasoconstriction

Capillary obstruction

Abbreviations: PCI: percutaneous coronary intervention;, STEMI: ST-segment elevation myocardial infarction; ROS: reactive oxygen species.
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Assessment of coronary microvascular reperfusion has
therefore become an important component of contemporary STEMI
evaluation. Several angiographic and imaging-based techniques
have been developed to estimate microvascular integrity following
PCI. Among these, myocardial blush grade (MBG) and TIMI
myocardial perfusion grade are commonly used angiographic
markers of tissue-level perfusion. These indices provide important
prognostic information beyond epicardial flow restoration and help
identify patients at higher risk of adverse outcomes after myocardial
infarction (Gibson, et al., 2000).

Understanding the determinants of impaired microvascular
reperfusion is crucial for improving outcomes in STEMI. In addition
to procedural factors and ischemic time, patient-related variables
such as inflammation, endothelial dysfunction, and metabolic
abnormalities may significantly influence the vulnerability of the
coronary microcirculation. Consequently, identifying clinical and
biochemical predictors of microvascular dysfunction has become an
important focus of contemporary cardiovascular research.

No-Reflow Phenomenon After Primary PCI

The no-reflow phenomenon refers to inadequate myocardial
perfusion despite successful reopening of the epicardial infarct-
related artery. This condition represents one of the most important
complications of reperfusion therapy in patients with STEMI.
Although angiographic success may be achieved during primary
PCI, impaired microvascular circulation may persist, preventing
effective tissue-level reperfusion. Clinical studies have shown that
the no-reflow phenomenon occurs in approximately 10-30% of
STEMI patients undergoing primary PCI, depending on the
diagnostic method used (Ito, et al., 1996).

The pathogenesis of no-reflow is multifactorial and involves
several interacting mechanisms. One of the key contributors is distal
--71--



embolization of atherothrombotic debris during mechanical
reperfusion. Manipulation of the culprit lesion with balloons and
stents may dislodge plaque components and thrombotic material,
which subsequently embolize into the distal coronary
microcirculation. This process results in mechanical obstruction of
small vessels and capillaries, leading to reduced myocardial
perfusion (Topol, & Yadav, 2000).

Ischemic injury of the microvascular endothelium also plays
a central role in the development of no-reflow. Prolonged coronary
occlusion results in endothelial swelling, disruption of capillary
integrity, and activation of inflammatory pathways. These changes
promote leukocyte adhesion, platelet aggregation, and microvascular
thrombosis  within the coronary microcirculation. During
reperfusion, these processes may worsen due to oxidative stress and
inflammatory activation, further compromising microvascular flow
(Kloner, 2011).

Another important determinant of no-reflow is reperfusion
injury itself. Restoration of blood flow after a period of ischemia
triggers a cascade of cellular events including calcium overload,
mitochondrial dysfunction, and the generation of reactive oxygen
species. These processes may lead to endothelial damage, capillary
leakage, and microvascular collapse, thereby limiting myocardial
perfusion even when epicardial flow has been restored (Yellon, &
Hausenloy, 2007).

The clinical significance of the no-reflow phenomenon is
well established. Patients who develop no-reflow during primary
PCI typically have larger infarct sizes, reduced left ventricular
function, and a higher risk of adverse cardiovascular events.
Multiple studies have demonstrated that impaired myocardial
reperfusion is associated with increased in-hospital complications,
heart failure, and long-term mortality following acute myocardial

infarction (Ndrepepa, et al., 2010).
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Recognition of no-reflow has important implications for
patient management. Identification of patients at high risk for
microvascular obstruction may allow clinicians to implement
preventive strategies, including optimized antithrombotic therapy,
careful procedural techniques, and pharmacological interventions
targeting microvascular perfusion. Consequently, understanding the
underlying mechanisms and predictors of no-reflow remains an
important area of research in contemporary interventional
cardiology.

Imaging Assessment of Microvascular Perfusion

Accurate assessment of myocardial microvascular
reperfusion is essential for evaluating the success of reperfusion
therapy in patients with STEMI. Although restoration of epicardial
coronary flow is routinely assessed during primary PCI, evaluation
of tissue-level perfusion requires additional angiographic and
imaging parameters. Over the past decades, several invasive and
non-invasive techniques have been developed to estimate
microvascular integrity and to identify patients with impaired
myocardial reperfusion.

One of the most widely used angiographic indices of
myocardial perfusion is the MBG. The MBG evaluates the density
and washout of contrast within the myocardial territory supplied by
the infarct-related artery during coronary angiography. It is graded
on a scale from 0 to 3, where grade 0 indicates no myocardial blush
and grade 3 reflects normal myocardial perfusion comparable to
non-infarcted territories. Previous studies have demonstrated that
lower MBG values are strongly associated with larger infarct size,
impaired left ventricular function, and worse clinical outcomes after
primary PCI (Khan, et al., 2025). Because MBG directly reflects
myocardial tissue perfusion rather than epicardial flow alone, it
provides important incremental prognostic information.
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Another angiographic parameter frequently used to assess
coronary perfusion is the TIMI frame count. This quantitative
method measures the number of cineangiographic frames required
for contrast dye to reach standardized distal coronary landmarks.
Increased TIMI frame counts indicate slower coronary flow and may
reflect microvascular dysfunction even when the epicardial artery
appears patent. Several studies have shown that elevated TIMI frame
counts following PCI are associated with impaired myocardial
perfusion and adverse clinical outcomes (Gibson, et al., 1996).

In addition to angiographic techniques, advanced imaging
modalities have significantly improved the assessment of coronary
microvascular function. Cardiac magnetic resonance imaging
(CMR) has emerged as the gold standard for evaluating
microvascular obstruction following myocardial infarction. Late
gadolinium enhancement sequences allow direct visualization of
areas of microvascular obstruction within the infarct zone, which
appear as hypoenhanced regions surrounded by infarcted
myocardium. The presence of microvascular obstruction on CMR
has been consistently associated with larger infarct size, worse
ventricular remodeling, and increased long-term mortality (Wu, et
al., 1998).

Myocardial contrast echocardiography also provides a non-
invasive method for assessing myocardial perfusion. This technique
uses intravenously administered microbubble contrast agents that
behave similarly to red blood cells within the microcirculation. By
evaluating the replenishment of contrast within the myocardium
after high-energy ultrasound pulses, clinicians can estimate
microvascular blood flow and detect areas of impaired perfusion.
Studies  have  demonstrated that myocardial contrast
echocardiography correlates well with infarct size and clinical
outcomes in patients with acute myocardial infarction (Villanueva,
2002).
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More recently, invasive physiological techniques have also
been introduced to assess microvascular function in the
catheterization laboratory. The index of microcirculatory resistance
(IMR) and coronary flow reserve (CFR) allow direct measurement
of microvascular resistance and flow capacity using pressure and
temperature sensor-equipped guidewires. These techniques provide
quantitative information about coronary microvascular function and
have shown prognostic value in patients undergoing primary PCI
(Fearon, et al., 2013).

Taken together, these diagnostic approaches provide
complementary information regarding myocardial reperfusion and
the functional integrity of the coronary microcirculation. While
restoration of epicardial coronary flow is an essential procedural
endpoint, evaluation of tissue-level perfusion offers additional
insight into the effectiveness of reperfusion therapy. Various
angiographic and imaging techniques allow clinicians to assess
whether adequate blood flow has been restored to the infarcted
myocardial territory and to identify patients in whom microvascular
obstruction persists despite successful revascularization. Among
these diagnostic tools, angiographic indices such as myocardial
blush grade (MBG) remain particularly practical in routine clinical
practice. MBG can be readily assessed during coronary angiography
without requiring additional equipment, specialized imaging
modalities, or prolonged procedural time. Because it directly reflects
myocardial tissue perfusion rather than epicardial coronary patency
alone, MBG provides valuable information about the adequacy of
microvascular reperfusion after primary PCI. The main angiographic
and imaging techniques used to assess coronary microvascular
perfusion are summarized in Table 2.
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Table 2. Methods for Assessing Coronary Microvascular Reperfusion

Method

Technique

Clinical Significance

Myocardial Blush Grade (MBG)

TIMI Myocardial Perfusion
Grade

TIMI Frame Count

Cardiac MRI

Myocardial Contrast
Echocardiography

Index of Microcirculatory
Resistance (IMR)

Angiographic assessment of myocardial
contrast density

Angiographic evaluation of myocardial
perfusion

Quantitative measurement of coronary flow
velocity

Detection of microvascular obstruction with
late gadolinium enhancement

Ultrasound contrast microbubble perfusion
imaging

Pressure-wire derived measurement of
microvascular resistance

Predictor of infarct size and
prognosis

Indicator of tissue-level
reperfusion

Reflects microvascular
resistance

Gold standard imaging modality

Non-invasive assessment of
myocardial perfusion

Quantitative evaluation of
microvascular function

Abbreviations: MBG: myocardial blush grade; TIMI: thrombolysis in myocardial infarction; MRI: magnetic resonance imaging; IMR: index of microcirculatory

resistance; CFR: coronary flow reserve; PCI: percutaneous coronary intervention.
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Role of Metabolic Factors in Microvascular Dysfunction

Metabolic abnormalities play an important role in the
development of coronary microvascular dysfunction, particularly in
the setting of acute myocardial infarction. Beyond the mechanical
obstruction of coronary arteries, systemic metabolic disturbances
may influence endothelial function, inflammatory activation, and
thrombogenicity within the coronary microcirculation. These
mechanisms can increase the susceptibility of the microvasculature
to ischemia-reperfusion injury and contribute to impaired
myocardial reperfusion following primary PCI.

Among metabolic disturbances, hyperglycemia has received
considerable attention because of its widespread effects on vascular
biology. Acute and chronic elevations in blood glucose levels can
impair endothelial function through multiple mechanisms, including
increased production of reactive oxygen species, reduced nitric
oxide bioavailability, and activation of pro-inflammatory signaling
pathways. These processes promote endothelial dysfunction and
microvascular constriction, which may compromise myocardial
perfusion during and after reperfusion therapy (Ceriello, 1997).

Chronic metabolic disorders such as diabetes mellitus further
exacerbate these mechanisms. Long-standing hyperglycemia leads
to structural alterations in the microvasculature, including capillary
basement membrane thickening, endothelial cell dysfunction, and
impaired vasodilatory capacity. These structural and functional
abnormalities reduce the adaptive capacity of the coronary
microcirculation and increase the risk of microvascular obstruction
during acute ischemic events (Brownlee, 2005).

Inflammatory activation represents another key link between
metabolic  abnormalities and  microvascular  dysfunction.
Hyperglycemia promotes the release of pro-inflammatory cytokines
and enhances leukocyte adhesion to the endothelium. These changes
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contribute to capillary plugging and microvascular thrombosis,
which may worsen tissue-level perfusion after reperfusion therapy.
Inflammatory mediators also amplify oxidative stress and
endothelial injury within the coronary microcirculation (Libby, et al.,
2009).

Insulin resistance and metabolic syndrome may also
influence coronary microvascular function independently of overt
diabetes. Patients with metabolic syndrome often exhibit endothelial
dysfunction, impaired nitric oxide signaling, and increased oxidative
stress, all of which negatively affect microvascular perfusion.
Epidemiological studies have demonstrated that individuals with
metabolic syndrome have a higher risk of cardiovascular events and
worse outcomes following myocardial infarction (Mottillo, et al.,
2010).

In addition to hyperglycemia, other metabolic factors such as
dyslipidemia and obesity contribute to microvascular dysfunction.
Elevated levels of low-density lipoprotein cholesterol and
triglycerides promote endothelial injury and inflammatory
activation, while adipose tissue—derived cytokines further
exacerbate systemic inflammation. These metabolic disturbances
may collectively impair coronary microvascular regulation and
increase the likelihood of inadequate myocardial reperfusion during
acute coronary syndromes (Kannel, Wilson, & Zhang, 1991).

Taken together, these findings suggest that metabolic factors
significantly influence the vulnerability of the coronary
microcirculation. Chronic metabolic dysregulation may prime the
microvascular network for injury, making it more susceptible to
ischemia—reperfusion damage during acute myocardial infarction.
The major pathophysiological mechanisms through which chronic
hyperglycemia contributes to coronary microvascular dysfunction
are summarized in Table 3.
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Table 3. Effects of Chronic Hyperglycemia on Coronary Microvascular Function

Mechanism

Pathophysiological Effect

Consequence

Endothelial dysfunction

Oxidative stress

Inflammation

Platelet activation

Advanced glycation end
products

Reduced nitric oxide bioavailability

Increased reactive oxygen species production

Increased cytokine release and leukocyte
adhesion

Increased platelet aggregation

Structural vascular damage

Impaired vasodilation

Endothelial injury

Microvascular obstruction

Microvascular thrombosis

Reduced microvascular
compliance

Abbreviations: NO: nitric oxide; ROS: reactive oxygen species; AGEs: advanced glycation end products.
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Chronic Glycemic Status and Cardiovascular Outcomes

Chronic glycemic status has emerged as an important
determinant of cardiovascular risk in both diabetic and non-diabetic
populations. Long-term exposure to elevated glucose levels
promotes a range of structural and functional vascular alterations
that contribute to the development and progression of atherosclerotic
cardiovascular disease. In this context, HbAlc has become an
essential biomarker for evaluating chronic glycemic exposure and
assessing the cumulative impact of hyperglycemia on vascular
health.

HbA 1c reflects the non-enzymatic glycation of hemoglobin
molecules and represents the average blood glucose concentration
over approximately two to three months. Unlike admission glucose
levels during acute illness, which may be influenced by stress-related
hormonal responses, HbAlc provides a more stable indicator of
long-term metabolic status. For this reason, HbAlc has been widely
used in both clinical practice and research settings to evaluate
chronic glycemic control and to estimate long-term cardiovascular
risk (Nathan, et al., 2008).

Large epidemiological studies have demonstrated a strong
association between elevated HbAlIc levels and adverse
cardiovascular outcomes. In the EPIC-Norfolk cohort, increasing
HbAlc levels were associated with a progressive rise in
cardiovascular mortality even among individuals without previously
diagnosed diabetes. These findings suggest that chronic dysglycemia
may contribute to vascular injury and cardiovascular risk across a
broad spectrum of glycemic states (Khaw, et al., 2001).

The adverse cardiovascular effects of chronic hyperglycemia
are mediated through several interrelated biological mechanisms.
Persistent elevations in glucose levels lead to the formation of
advanced glycation end products (AGEs), which accumulate in
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vascular tissues and promote oxidative stress, endothelial
dysfunction, and inflammatory activation. These changes accelerate
atherosclerotic plaque development and impair vascular repair
mechanisms (Schmidt, et al., 2000).

Chronic dysglycemia also affects wvascular tone and
endothelial signaling pathways. Hyperglycemia reduces nitric oxide
bioavailability and increases the production of reactive oxygen
species, leading to impaired endothelium-dependent vasodilation.
These alterations contribute not only to macrovascular
atherosclerosis but also to dysfunction of the coronary
microcirculation (Cosentino, et al., 1997).

Clinical studies have further demonstrated that elevated
HbAlc levels are associated with worse outcomes in patients
presenting with acute coronary syndromes. Higher HbAlc values
have been linked to increased infarct size, impaired left ventricular
recovery, and higher mortality rates following myocardial infarction.
Importantly, these associations have been observed even in patients
without a formal diagnosis of diabetes, highlighting the broader
prognostic relevance of chronic glycemic burden (Timmer, et al.,
2011).

Taken together, these observations indicate that HbAlc
serves not only as a marker of metabolic control but also as an
indicator of cumulative vascular injury. Evaluation of chronic
glycemic status may therefore provide valuable prognostic
information in patients with acute coronary syndromes and may help
identify individuals at increased risk of adverse cardiovascular
outcomes.

HbA1lc and Microvascular Reperfusion in STEMI

Growing evidence suggests that chronic glycemic burden
may influence the quality of myocardial reperfusion in patients with

STEMI. While acute hyperglycemia at admission has long been
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recognized as a predictor of adverse outcomes in acute coronary
syndromes, increasing attention has been directed toward the role of
long-term glycemic status, as reflected by HbAlc, in determining
microvascular function during acute ischemic events.

Chronic hyperglycemia induces structural and functional
alterations within the vascular wall that may predispose the coronary
microcirculation to reperfusion injury. Experimental studies have
demonstrated that sustained exposure to elevated glucose levels
leads to endothelial dysfunction, increased oxidative stress, and
activation of inflammatory pathways. These changes impair
endothelial nitric oxide production and promote microvascular
constriction, thereby reducing the ability of the coronary
microcirculation to respond adequately to ischemic stress (Beckman,
Creager, & Libby, 2002).

In addition to endothelial dysfunction, chronic dysglycemia
may enhance pro-thrombotic activity within the coronary
microvasculature. Hyperglycemia has been shown to increase
platelet activation and coagulation activity while simultaneously
impairing fibrinolytic mechanisms. These alterations may contribute
to the formation of microvascular thrombi during reperfusion and
may exacerbate distal embolization during primary PCI (Grant,
2007).

Several clinical studies have reported associations between
elevated HbAlc levels and impaired myocardial reperfusion
following primary PCI. Patients with higher HbAlc values tend to
exhibit lower myocardial blush grades, higher TIMI frame counts,
and increased markers of microvascular obstruction. These findings
suggest that chronic glycemic exposure may impair microvascular
integrity and increase susceptibility to the no-reflow phenomenon
during acute myocardial infarction (Marfella, et al., 2003).
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The relationship between HbAlc and microvascular
reperfusion may also be mediated by inflammatory mechanisms.
Chronic hyperglycemia promotes systemic inflammatory activation
characterized by elevated levels of inflammatory cytokines and
acute-phase reactants. Inflammatory cell infiltration within the
ischemic myocardium contributes to capillary plugging and
microvascular obstruction, thereby limiting effective myocardial
perfusion even after restoration of epicardial coronary flow
(Frangogiannis, 2014).

Importantly, several studies have suggested that HbAlc may
provide prognostic information beyond the categorical diagnosis of
diabetes mellitus. Patients with elevated HbAlc levels often
demonstrate worse myocardial perfusion and higher rates of adverse
cardiovascular events irrespective of whether they carry a formal
diagnosis of diabetes. This observation indicates that the degree of
chronic glycemic burden may be more relevant than the diagnostic
label of diabetes in determining vascular vulnerability during acute
coronary syndromes (Selvin, et al., 2004).

Taken together, these observations support the concept that
HbAlc serves as a marker of cumulative metabolic injury affecting
both macrovascular and microvascular circulation. Assessment of
HbAlc in patients presenting with STEMI may therefore help
identify individuals at increased risk of impaired myocardial
reperfusion and adverse clinical outcomes following primary PCI.

Relationship Between HbAlc and MBG

The relationship between chronic glycemic status and
myocardial microvascular reperfusion has been investigated in
several clinical studies, particularly in patients with STEMI
undergoing primary PCI. These investigations aim to clarify whether
long-term metabolic dysregulation, reflected by HbAlc, contributes
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to impaired tissue-level perfusion following mechanical reperfusion
therapy.

In a recent study (Yilmaz, 2013), consecutive patients
presenting with STEMI and treated with primary PCI were evaluated
to determine the association between HbAlc levels and myocardial
microvascular reperfusion. Myocardial perfusion was assessed using
MBG, an angiographic index reflecting tissue-level reperfusion.
Based on post-procedural angiographic findings, patients were
categorized into two groups: those with impaired myocardial
perfusion (MBG 0-1) and those with preserved perfusion (MBG 2—
3).

Baseline  demographic, clinical, and  laboratory
characteristics differed significantly between the two groups.
Patients with low MBG were generally older and had a higher
prevalence of cardiovascular risk factors such as hypertension and
diabetes mellitus. They also exhibited higher inflammatory markers
and worse renal function parameters. Importantly, HbAlc levels
were significantly higher in patients with impaired myocardial
perfusion compared with those who had preserved microvascular
reperfusion.

Angiographic analysis also demonstrated important
differences between groups. Patients with low MBG had longer
ischemic times before intervention, higher TIMI frame counts, and
greater angiographic disease severity as reflected by higher Gensini
scores. In addition, these patients experienced higher rates of short-
and mid-term mortality compared with those with preserved
myocardial perfusion. These findings support previous observations
that impaired microvascular reperfusion is strongly associated with
worse clinical outcomes following primary PCI.

Multivariate logistic regression analysis identified HbAlc as
an independent predictor of impaired myocardial reperfusion. After
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adjustment for potential confounding variables including age,
inflammatory markers, and left ventricular ejection fraction, each
1% increase in HbAlc was associated with a significant increase in
the likelihood of low MBG. In addition to HbAlc, elevated
inflammatory markers such as neutrophil-to-lymphocyte ratio and
high-sensitivity C-reactive protein were also independently
associated with impaired microvascular perfusion.

Receiver  operating  characteristic  analysis  further
demonstrated the predictive value of HbAlc for identifying patients
at risk of impaired myocardial reperfusion. An HbAlc threshold of
approximately 6.05% provided moderate sensitivity and specificity
for predicting low MBG. Although inflammatory markers exhibited
slightly higher predictive accuracy, HbAlc remained a clinically
useful parameter because it reflects chronic metabolic status rather
than acute inflammatory activation.

These findings support the hypothesis that chronic glycemic
burden may influence the vulnerability of the coronary
microcirculation during acute myocardial infarction. Long-standing
metabolic dysregulation may predispose patients to endothelial
dysfunction, inflammatory activation, and microvascular injury,
thereby increasing the likelihood of impaired myocardial reperfusion
following primary PCI (Y1lmaz, 2013).

Clinical Implications

Impaired myocardial microvascular reperfusion after
primary PCI has important clinical implications in patients with
STEMI. Although the restoration of epicardial coronary flow
represents the immediate procedural goal, increasing evidence
indicates that tissue-level reperfusion is a stronger determinant of
infarct size, ventricular remodeling, and long-term clinical
outcomes. Therefore, identifying patients at increased risk of
microvascular dysfunction is essential for optimizing risk
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stratification and guiding therapeutic strategies during the acute
phase of myocardial infarction.

One of the key clinical implications of impaired
microvascular reperfusion is its strong association with adverse
ventricular remodeling. Microvascular obstruction limits oxygen
delivery to the ischemic myocardium despite successful epicardial
recanalization, resulting in larger infarct size and reduced
myocardial salvage. CMR studies have consistently demonstrated
that patients with microvascular obstruction exhibit greater left
ventricular dilation and worse systolic function during follow-up
(Hombach, et al., 2005).

In addition to ventricular remodeling, impaired myocardial
reperfusion is associated with increased rates of heart failure and
mortality following STEMI. Large observational studies have shown
that patients with angiographic or imaging evidence of
microvascular obstruction experience significantly higher rates of
adverse cardiovascular events during both short- and long-term
follow-up. Consequently, early identification of patients at risk for
microvascular dysfunction may allow for more aggressive
monitoring and management during hospitalization and after
discharge (Stone, et al., 2002).

The identification of metabolic risk markers such as HbAlc
may further improve clinical risk stratification. Because HbAlc
reflects long-term glycemic exposure rather than acute metabolic
stress, it may provide important information regarding the chronic
vascular environment in which the acute ischemic event occurs.
Elevated HbAlc levels may indicate pre-existing endothelial
dysfunction and microvascular vulnerability, thereby helping
clinicians anticipate impaired myocardial reperfusion following PCI
(Gerstein, 2015).
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From a therapeutic perspective, recognition of patients at
high risk for microvascular dysfunction may influence procedural
and pharmacological strategies. Interventional approaches aimed at
minimizing distal embolization, such as careful lesion preparation
and appropriate antithrombotic therapy, may help reduce the risk of
microvascular obstruction. Pharmacological interventions targeting
inflammation, platelet activation, and endothelial dysfunction have
also been investigated as potential strategies for improving
microvascular perfusion in high-risk patients (Niccoli, et al., 2009).

Incorporating metabolic markers into the assessment of
STEMI patients may therefore enhance clinical decision-making.
Routine evaluation of HbAlc at admission may help identify
patients with increased susceptibility to microvascular injury and
adverse outcomes. In this context, chronic glycemic status should be
considered alongside traditional clinical and angiographic factors
when evaluating reperfusion success and long-term prognosis in
patients undergoing primary PCI.

Future Directions

Despite significant advances in reperfusion therapy, impaired
myocardial microvascular reperfusion remains an unresolved
challenge in the management of STEMI. Although primary PCI
effectively restores epicardial coronary patency, a considerable
proportion of patients continue to experience inadequate tissue-level
perfusion due to microvascular obstruction. Future research efforts
therefore focus on improving the understanding, detection, and
treatment of coronary microvascular dysfunction in the setting of
acute myocardial infarction.

One important area of future investigation involves the
development of more accurate diagnostic tools for assessing
microvascular injury. While angiographic indices such as MBG
provide practical bedside information, advanced imaging modalities
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may offer more precise characterization of microvascular
obstruction. CMR imaging has become an important research tool
because it allows direct visualization and quantification of
microvascular obstruction and infarct size. Ongoing studies aim to
integrate imaging biomarkers with clinical and biochemical
parameters to improve risk stratification in STEMI patients (Eitel, et
al., 2014).

Another promising direction involves the identification of
novel biomarkers that reflect microvascular injury and reperfusion
quality. Inflammatory markers, endothelial dysfunction indicators,
and metabolic parameters such as HbAlc may provide
complementary information regarding the vulnerability of the
coronary microcirculation. Combining these biomarkers with
imaging and angiographic parameters may improve the ability to
identify patients at risk of impaired myocardial reperfusion and
adverse outcomes (Jaffe, Dick, & Strauss, 2010).

Therapeutic strategies targeting microvascular protection
also represent an active area of research. Several pharmacological
approaches have been explored to reduce reperfusion injury and
improve microvascular perfusion. These include anti-inflammatory
therapies, antiplatelet agents, vasodilators, and drugs targeting
oxidative stress pathways. Although some interventions have shown
promising results in experimental models, translating these findings
into consistent clinical benefits has remained challenging (Ibanez, et
al., 2015).

Mechanical and procedural strategies are also being
investigated to reduce distal embolization and microvascular
obstruction during PCI. Techniques such as thrombus aspiration,
distal protection devices, and optimized stent implantation strategies
have been evaluated with varying degrees of success. Continued
refinement of interventional techniques may help minimize
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procedural factors contributing to microvascular injury (Jolly, et al.,
2015).

Finally, greater attention is being directed toward the role of
metabolic optimization in improving cardiovascular outcomes.
Chronic metabolic abnormalities, including dysglycemia, obesity,
and insulin resistance, may predispose patients to microvascular
dysfunction. Long-term management strategies aimed at improving
metabolic control may therefore contribute to better vascular health
and potentially reduce the severity of microvascular injury during
acute coronary events (Rao Kondapally Seshasai, et al., 2011).

Future studies integrating metabolic, inflammatory, imaging,
and procedural factors are likely to provide a more comprehensive
understanding of microvascular dysfunction in STEMI. Such an
integrated approach may ultimately lead to improved prevention,
early detection, and targeted treatment strategies for patients at risk
of impaired myocardial reperfusion.

Conclusion

Restoration of coronary blood flow through primary PCI
represents the cornerstone of treatment in patients with STEMI.
However, successful epicardial reperfusion does not always translate
into effective tissue-level perfusion. A substantial proportion of
patients develop impaired myocardial microvascular reperfusion,
commonly referred to as the no-reflow phenomenon, which is
associated with larger infarct size, reduced ventricular function, and
increased mortality. Consequently, assessment of microvascular
integrity has become an important component of contemporary
STEMI management. Multiple mechanisms contribute to
microvascular dysfunction during acute myocardial infarction.
Distal embolization of thrombotic debris, endothelial swelling,
inflammatory activation, oxidative stress, and microvascular
thrombosis all play roles in the development of impaired tissue-level
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perfusion. These processes may occur even when the epicardial
artery has been successfully reopened, emphasizing the complexity
of myocardial reperfusion beyond simple restoration of coronary
patency.

Metabolic factors have increasingly been recognized as
important determinants of coronary microvascular vulnerability.
Chronic hyperglycemia promotes endothelial dysfunction, oxidative
stress, and inflammatory activation, thereby creating a vascular
environment that is more susceptible to ischemia—reperfusion injury.
In this context, HbAlc has emerged as a clinically useful marker
reflecting long-term glycemic exposure and cumulative metabolic
injury. Evidence from clinical studies suggests that elevated HbAlc
levels are associated with impaired myocardial reperfusion and
worse outcomes in patients undergoing primary PCI for STEMI.
Patients with higher HbA1c values tend to exhibit lower myocardial
blush grades, higher markers of inflammation, and increased
mortality during follow-up. These findings indicate that chronic
glycemic burden may contribute to microvascular dysfunction
independently of the categorical diagnosis of diabetes mellitus.

From a clinical perspective, evaluation of HbAlc may
provide valuable information for risk stratification in patients
presenting with acute myocardial infarction. Identifying individuals
with elevated HbAlc levels may help clinicians anticipate impaired
microvascular reperfusion and implement more intensive therapeutic
strategies aimed at improving myocardial salvage and clinical
outcomes.
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BOLUM 5

KALP VE DAMAR CERRAHISi YOGUN
BAKIMINDA ARTERIYEL KAN GAZI ANALiZi:
FiZYOPATOLOJIiK TEMELLER VE KLIiNiK
YONETIM

1. Dinger Uysal'
2. Emre Yavuz’
Giris

Kalp ve damar cerrahisi (KVC) sonrasi yogun bakim siireci,
hastanin hemodinamik stabilitesinin korunmasi ve organ
perfiizyonunun siirdiiriilmesi agisindan kritik bir dénemdir. Bu
siirecte arteriyel kan gaz1 (ABG) analizi; hastanin asit-baz dengesini,
ventilasyon durumunu ve oksijenasyon diizeyini degerlendirmede
kullanllan  temel tamsal araclardan  biridir.  Ozellikle
kardiyopulmoner bypass (CPB) kullanimi, hipotermi uygulamalari
ve biiyiik hacimli sivi replasmam gibi cerrahiye 6zgii faktorler, asit-
baz dengesinde karmasik degisikliklere yol acabilmektedir. Giincel
literatii, ABG analizinin yalmizca anlik bir veri sunmadigini;
perioperatif komplikasyonlarin erken saptanmasi ve tedavi

! Dog. Dr., SDU Kalp ve Damar Cerrahisi, KVC, ORCID: 0000-0002-8498-9076
? Aragtirma Goérevlisi, SDU Kalp ve Damar Cerrahisi, KVC, ORCID: 0009-0002-
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stratejilerinin  belirlenmesinde de yol gosterici
vurgulamaktadir (Lee, 2025; Agro et al., 2026).

KVC yogun bakim iinitesinde ABG analizi; kardiyak
patolojilerin, komorbiditelerin ve cerrahi travmanin metabolik
etkilerinin izlenmesine olanak tanir. Postoperatif dénemde kalici
asit-baz dengesizliklerinin artmis morbidite ve mortalite ile iligkili
oldugu bilinmektedir. Bu nedenle Kklinisyenlerin kan gaz1
parametrelerindeki sapmalar1 fizyopatolojik bir perspektifle
yorumlamasi, hasta yonetiminin temel bilesenlerinden biridir (Habib
et al., 2025).

oldugunu

Arteriyel ve Venoz Kan Gazi: Kritik Karsilastirma

Yogun bakim pratiginde arteriyel érnekleme altin standart
olsa da santral venoz kateteri bulunan hastalarda venéz kan gazi
(VBG) da siklikla kullanilmaktadir. Bununla birlikte, iki yontem
arasinda klinik karar verme siirecini etkileyebilecek temel farklar
bulunmaktadir. Asagidaki tablo, arteriyel ve ventz kan gazi
parametreleri arasindaki tipik farklar1 ve klinik kullanim alanlarini

ozetlemektedir:
Tablo 1. Arteriyel ve venéz kan gazi parametrelerinin
karsilastirilmasi
Parametre Arteriyel (ABG) Venéz (VBG) Klinik not
- Arter (radial, Santral ven / ABG daha
Ornekleme e . . o
femoral) periferik ven invazivdir.
.. Dogru (PaO,, . Oksijenasyon
Oksijenasyon $a0,) Giivenilmez icin ABG sartur.
Asit-baz takibi
pH 7.35-7.45 ~0.03 daha diisiik | icin VBG
kullanilabilir.
9—6 mmHe daha Ventilasyon
PaCo, 35-45 mmHg - g takibinde dikkatli
yiiksek
olunmahdir.
ScvO,
Solunum . . .
. . oy Asit-baz ve hemodinamik
Klinik kullammm | yetmezligi, akut . . .
metabolik takip izlemde
sok U
degerlidir.
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Kaynak: Lee (2025), Wanzer et al. (2024) ve ilgili kaynaklar temel alinarak
yazarlar tarafindan hazirlanmigtir.

KVC hastalarinda santral vendz oksijen satiirasyonu
(ScvO,), doku oksijen sunumu ile tiiketimi arasindaki dengeyi
yansitmast bakimindan kritik ©neme sahiptir. ScvO, degerinin
normalden diisiik olmasi, yetersiz oksijen sunumunu (diisiik
kardiyak debi, anemi) veya artmis oksijen tiiketimini (titreme, agri,
sepsis) isaret edebilir. Ote yandan, venéz-arteriyel CO, farkimin
(pCO, gap) 6 mmHg’nin iizerinde olmasi, doku perfiizyonunun
yetersiz oldugunu ve kardiyak debinin artirilmasi gerekebilecegini
diisiindiiriir (Wanzer et al., 2024; “The role of central venous oxygen
saturation...,” 2026).

Asit-Baz Dengesi ve Fizyolojik Temeller

Geleneksel olarak asit-baz dengesi, Henderson—Hasselbalch
denklemi iizerinden pH, PaCO, ve HCO,  iligkisiyle
aciklanmaktadir. Bu denklem, i¢ tutarhlik kontroli igin
vazgecilmezdir. Ancak KVC hastalarinda, 6zellikle yogun sivi
replasman1 ve elektrolit degisikliklerinin oldugu durumlarda,
Stewart yaklasimi (fizikokimyasal yaklasim) daha kapsamli bir
analiz sunar. Stewart yaklasimi; giiclii iyon farki (SID), toplam zay1f
asit konsantrasyonu (Awt) ve PaCO, olmak iizere ii¢ bagimsiz
degisken lizerinden pH degisimlerini aciklar. Modern KVC
kaynaklari, 6zellikle 6lclilemeyen anyonlarin etkisini anlamak icin
bu iki yaklagimin birlikte degerlendirilmesini 6nermektedir (Agro et
al., 2026; Guarnieri et al., 2025).

Henderson—Hasselbalch denklemi: pH = 6.1 + log ((HCO;7]/ (0.03
x PaCO,))

ABG analizinde normal referans degerleri; pH icin 7.35—
7.45, PaCO, i¢in 35-45 mmHg, HCO,™ icin 22—-26 mmol/L ve baz
fazlas1 (BE) icin yaklasik +2 mmol/L. olarak kabul edilir. Bu



degerlerden sapmalar, respiratuvar veya metabolik kdkenli asidoz ve
alkaloz tablolarini tanimlar.

Sistematik Yorumlama: CLEAR Yaklasim

KVC yogun bakiminda karmasik kan gazi tablolarim hizli ve
dogru bicimde analiz etmek icin sistematik bir yaklagim sarttir.
CLEAR yaklasim, klinisyene bes adimda rehberlik eder:

1. C (Check Oxygenation): PaO, ve SaO, degerlerini
kontrol edin. Hipoksemi (PaO, < 80 mmHg) varlig, ilk
miidahale edilmesi gereken durumlardan biridir.

2. L (Look at pH Status): pH degerine bakarak asidemi
(< 7.35) veya alkalemi (> 7.45) durumunu belirleyin.

3. E (Evaluate Primary Disorder): PaCO, ve HCO,~
degerlerini inceleyerek birincil sorunun respiratuvar mi,
yoksa metabolik mi oldugunu saptayin.

4. A (Assess Compensation): Viicudun bu bozukluga
verdigi kompansatuvar yanitin tam, kismi veya yetersiz
diizeyde olup olmadigini degerlendirin.

5. R (Review for Mixed Disorders): Anyon agig1 ve
delta acig1 hesaplamalar1 ile altta yatan mikst
bozukluklar1 (6rnegin metabolik asidoz ile respiratuvar
alkaloz birlikteligi) degerlendirin (Habib et al., 2025).

Kardiyopulmoner Bypass’mn (CPB) ABG Uzerindeki Etkileri

Kardiyopulmoner bypass siireci, asit-baz fizyolojisini
derinden etkileyen bir dizi degisiklige neden olur. Bu dénemde
ozellikle hipotermi y6netimi stratejileri (alfa-stat ve pH-stat) ABG
yorumlamasinda kritik rol oynar:

¢ Alfa-stat yonetimi: Kan gazi degerlerini sicaklia
gore diizeltmez. Hiicresel enzim fonksiyonlarim ve
serebral otoregiilasyonu korumay: hedefler. Genellikle
eriskin cerrahisinde tercih edilir.
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e pH-stat yonetimi: Kan gazi1 degerlerini hastanin
gercek viicut sicakhigina gore diizeltir. Serebral kan
akimmm artirmak amaciyla CO, eklenmesini igerir;
genellikle pediatrik vakalarda ve derin hipotermik
dolasim durmas: durumlarinda kullanilir.

Ayrica CPB sirasinda olugsan hemodiliisyon, plazma protein
konsantrasyonunu diisiirerek zayif asitlerin (Awt) azalmasina ve
dolayisiyla iyatrojenik alkaloz egilimine yol agabilir. Bununla
birlikte, nonpulsatii akim ve inflamatuvar yanit, doku
hipoperfiizyonuna neden olarak metabolik asidoz gelisimini
tetikleyebilir (Agro et al., 2026; Marion & Vuckovic, 2025).

Doku Perfiizyonunun izlenmesi: Laktat ve ScvO,

KVC yogun bakiminda laktat diizeyi, doku hipoksisi ve
anaerobik metabolizmanin duyarli gistergelerinden biridir. Normal
deger genellikle 2.0 mmol/L’nin altindadir; 4.0 mmol/L’nin
tizerindeki degerler ise kritik esik olarak kabul edilir. Ancak tek bir
laktat 6lclimiinden ziyade laktat klirensi (laktatin zamanla diisme
hiz1) sagkalim acisindan daha giiclii bir prognostik gostergedir. ilk
24 saat icinde laktatin normale donmesi, basarih resiisitasyonun ve
daha iyi prognozun gostergesi olabilir (Prawira & Silawati, 2025;
“Prognostic value of combined arterial lactate...,” 2023).

Laktat artis1 her zaman hipoksiye bagli olmayabilir (tip B
hiperlaktatemi). Karaciger yetmezligi, epinefrin kullanimi veya CPB
stresi gibi durumlar da laktat diizeyini yiikseltebilir. Bu nedenle
laktat, ScvO, ve pCO, gap ile birlikte degerlendirilmelidir. ScvO, ile
birlikte seyreden yiiksek laktat, “gercek” bir doku perfiizyon
bozukluguna isaret ederken; normal ScvO, ile seyreden yiiksek
laktat, metabolik nedenleri veya mikrosirkiilasyon bozukluklarini
(sitopatik hipoksi) diisiindiirmelidir (“The role of central venous
oxygen saturation...,” 2026; “Venous-to-arterial CO, difference...,”
2025).
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Cerrahi Komplikasyonlarin ABG ipuclan

KVC sonras1 gelisen cerrahi komplikasyonlar, kan gazi
parametrelerinde ©6zgiil paternler olusturur. Bu paternlerin erken
taninmasi, hayat kurtarici miidahalelerin zamaninda yapilmasini
saglar:

¢ Diisiik debi sendromu (LCOS): pH diisiisii, laktat
yiikselisi ve ScvO, degerinde belirgin azalma ile
karakterizedir. = Doku  hipoperfiizyonunun  erken
bulgularindandir.

e Kanama ve tamponad: Baz agigindaki artis ve
laktatin erken yiikselisi, hemoglobin ve hematokrit
degerlerindeki diisiisten 6nce gizli kanamanin habercisi
olabilir.

¢ Pulmoner emboli: Genellikle respiratuvar alkaloz
(hiperventilasyona bagl), hipoksemi ve genislemis
alveoler-arteriyel (A—a) gradyan ile kendini gosterir.

e Sepsis / SIRS: Baslangicta respiratuvar alkaloz
goriilebilirken, tablo ilerledikce laktatin persistan
yiiksekligi ve mikst tipte asit-baz bozukluklar
(metabolik asidoz ile respiratuvar alkaloz) tabloya hakim
olur (Habib et al., 2025; Dabbagh, 2026).

Klinik incelikler ve Giivenlik Onlemleri

Dogru bir ABG analizi i¢in preanalitik hatalarin énlenmesi
esastir. Ornekleme 6ncesinde kollateral dolasimin Allen testi ile
degerlendirilmesi, arteriyel iskemi riskini azaltir. Ornek alimi
sirasinda tam steril teknik uygulanmali, hava kabarciklarindan
kacinilmali ve uygun heparinize enjektorler kullanilmalidir. Ayrica
orneklerin en ge¢ 15-30 dakika icinde analiz edilmesi; gecikme
olacaksa metabolik faaliyetlerin yavaslatilmasi amaciyla uygun
kosullarda saklanmasi gerekir (“Arterial blood gas analysis...,”
2025).
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KVC hastalarinda alveoler-arteriyel (A-a) gradyanin
hesaplanmasi, hipokseminin nedenini (hipoventilasyon veya
parankimal sorun) ayirt etmede yardimcidir. Postoperatif donemde
genislemis bir A—a gradyani; atelektazi, plevral efiizyon veya
pulmoner 6dem gibi akciger parankimini ilgilendiren sorunlari
oncelikle akla getirmelidir.

PaO,

Normal deger ~ (Yas/4) + 4

Sonuc¢

Arteriyel kan gazi analizi, kalp ve damar cerrahisi yogun
bakiminda hastanin fizyolojik durumunu yansitan “altin standart™ bir
monitérizasyon  yontemidir. =~ Tekil = degerlerden  ziyade
parametrelerdeki trend analizi, cerrahi komplikasyonlarin erken
yakalanmasinda daha degerlidir. Klinisyenlerin CLEAR gibi
sistematik yaklasimlar1 kullanmasi ve laktat klirensi gibi dinamik
gostergeleri izlemesi, postoperatif bakim kalitesini ve hasta
sagkalimin artirabilir.
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