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Abstract 

 Coronary microvascular dysfunction (CMD) is established as a key etiology for ischemic heart disease (IHD), particularly 

in non-obstructive coronary artery disease (NOCAD) patients, resulting in myocardial ischemia despite normal angiograms. 

Pathophysiology and clinical relevance continue to be poorly explored. To provide an overview of CMD pathogenesis, diagnosis, 

clinical importance, and management in the context of IHD. A literature review was done that incorporated data from the literature 

for CMD pathophysiology, risk factors, treatment, and diagnostic methods (including coronary flow reserve [CFR], positron 

emission tomography [PET], and magnetic resonance imaging [MRI]). CMD is caused by endothelial dysfunction, microvascular 

remodeling, reduction in vasodilation, and increase in microvascular resistance, and inflammation, all of which cause reduced 

myocardial perfusion. It is an important cause of ANOCA and HFpEF and presenting symptoms are exercise intolerance, 

breathlessness, and chest pain. It has predisposing factors in the form of hypertension, diabetes, obesity, smoking, and age. 

Investigation modalities like CFR (<2.0 for indicating dysfunction), PET, and MRI enhance the sensitivity of detection with invasive 

measurement of flow providing immediate feedback. Therapeutic agents encompass vasodilators (calcium blockers, nitrates), 

statins, ACE inhibitors, modification in lifestyle (smoking cessation, exercise, nutritious diet), and control over comorbidity. CMD 

shares similar poor cardiovascular prognoses with enhanced risks for myocardial infarction as well as mortality. CMD is a neglected 

yet significant cause of IHD leading to high morbidity in NOCAD and HFpEF. Enhanced diagnostic imaging and precision therapy 

offer the hope of early detection and treatment, highlighting the need for combined approaches to prevent IHD burden.  
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1. Introduction 

Coronary microvascular dysfunction (CMD) refers 

to abnormal functioning of the small blood vessels 

(microcirculation) of the heart, which plays a critical role in 

regulating myocardial blood flow. While pathophysiology of 

ischemic heart disease (IHD) is often attributed to obstructive 

coronary artery disease (CAD), growing evidence indicates 

that CMD can independently contribute to ischemia and 

adverse cardiovascular outcomes [1]. CMD, often considered 

an “invisible” cause of ischemic heart disease, is 

characterized by impaired vasodilation, endothelial 

dysfunction, and reduced myocardial perfusion in the absence 

of significant epicardial coronary artery stenosis. This 

literature review delves into the pathophysiology, diagnosis, 

clinical implications, and management strategies of coronary 

microvascular dysfunction, emphasizing its role in ischemic 

heart disease [2]. Coronary microvascular dysfunction is an 

often overlooked but critical contributor to ischemic heart 

disease. CMD plays a key role in conditions such as angina 

with non-obstructive coronary arteries and heart failure with 

preserved ejection fraction, leading to myocardial ischemia, 

exercise intolerance, and poor cardiovascular outcomes. 

 Early diagnosis and appropriate management of 

CMD through pharmacological treatment, lifestyle 

modifications, and control of underlying risk factors are 

essential for improving patient outcomes and reducing the 

burden of ischemic heart disease [3]. Ischemic heart disease 

(IHD) remains one of the leading causes of morbidity and 

mortality worldwide, primarily caused by the narrowing or 

occlusion of large coronary arteries due to atherosclerosis. 

However, a growing body of evidence suggests that coronary 

microvascular dysfunction (CMD) plays a significant role in 

ischemia and heart failure, particularly in patients who do not 

exhibit overt coronary artery disease (CAD) on traditional 

angiographic imaging. CMD refers to impaired function of 

the coronary microcirculation, which includes small coronary 

arteries and arterioles that regulate myocardial blood flow [4]. 

Often considered an “invisible” culprit due to its subtle 

presentation and lack of clear imaging markers, CMD is 

emerging as a crucial contributor to ischemic heart disease, 

especially in patients with non-obstructive coronary artery 

disease (NOCAD). This literature review aims to explore 

pathophysiology, diagnostic strategies, clinical implications, 

potential management of CMD in ischemic heart disease [5]. 
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2. Pathophysiology of Coronary Microvascular 

Dysfunction 

The coronary microcirculation consists of vessels 

with diameters less than 500 micrometers, including 

arterioles, capillaries, and venules. These microvessels are 

crucial for regulating blood flow and maintaining myocardial 

oxygen delivery. Coronary microvascular dysfunction 

(CMD) involves both structural and functional changes in the 

coronary microcirculation that impair ability of these vessels 

to adequately supply blood to heart muscle [6]. The coronary 

microvascular system consists of small blood vessels that 

control distribution of blood to myocardium (heart muscle). 

These microvessels play a vital role in maintaining 

myocardial oxygen delivery, particularly during times of 

increased demand (e.g., physical activity or stress). CMD 

arises when these small vessels fail to adequately dilate and 

perfuse heart tissue, leading to insufficient oxygen supply [7]. 

 

3. Key Mechanisms Involved in CMD 

• Endothelial Dysfunction: The endothelium lining the 

coronary microvessels plays a critical role in regulating 

vascular tone and preventing vasoconstriction. 

Endothelial dysfunction, characterized by reduced nitric 

oxide (NO) bioavailability and increased endothelin-1 

production, leads to impaired vasodilation, a hallmark of 

CMD [7]. 

• Microvascular Remodeling: Chronic CMD can lead to 

structural changes in the coronary microvessels, 

including thickening of the vessel wall and decreased 

capillary density, reducing the capacity for adequate 

myocardial perfusion [8]. 

• Impaired Vasodilation: In CMD, coronary microvessels 

show a reduced ability to dilate in response to stimuli 

such as adenosine, acetylcholine, or other vasodilators. 

This results in a mismatch between myocardial oxygen 

demand and supply, leading to ischemia, particularly 

under conditions of stress or exercise [9]. 

• Increased Microvascular Resistance: Elevated resistance 

in the coronary microcirculation further exacerbates 

ischemia by reducing myocardial blood flow, especially 

in the absence of significant epicardial coronary disease. 

This phenomenon is often referred to as "microvascular 

angina [10]. 

• Inflammation and Oxidative Stress: Inflammatory 

cytokines, such as C-reactive protein (CRP), and 

oxidative stress contribute to endothelial dysfunction and 

impaired vasodilation. This is especially relevant in 

conditions like diabetes, hypertension, and metabolic 

syndrome, which are known risk factors for CMD [11]. 

 

4. Coronary Microvascular Dysfunction and Ischemic 

Heart Disease (IHD) 

CMD has become recognized as an important 

contributor to ischemic heart disease, particularly in patients 

with angina and normal coronary arteries (i.e., non-

obstructive coronary artery disease or NOCAD). These 

patients experience symptoms of ischemia, but conventional 

angiography fails to reveal significant coronary artery 

stenosis. The role of CMD in ischemic heart disease is 

multifaceted [12]. 

• Angina with Non-Obstructive Coronary Arteries 

(ANOCA): In patients with angina but no significant 

coronary stenosis, CMD is often the underlying cause. 

Reduced coronary microvascular function leads to 

myocardial ischemia, even in the absence of epicardial 

coronary artery disease. This condition, referred to as 

microvascular angina, is characterized by chest pain, 

exertional dyspnea, and exercise intolerance. In patients 

with chest pain but no significant coronary artery 

stenosis (i.e., non-obstructive coronary artery disease), 

CMD is often responsible for inducing myocardial 

ischemia. This condition, referred to as microvascular 

angina, presents with symptoms similar to angina caused 

by CAD, including chest pain, shortness of breath, and 

exercise intolerance, despite normal coronary 

angiograms [13]. 

• Link to Cardiovascular Risk Factors: CMD is more 

prevalent in individuals with traditional cardiovascular 

risk factors, including hypertension, diabetes, and 

hyperlipidemia. These factors contribute to endothelial 

dysfunction, increased oxidative stress, and impaired 

vasodilation, all of which are associated with an 

increased risk of IHD. In ANOCA, the coronary 

microvessels are unable to dilate appropriately during 

times of increased myocardial demand, leading to a 

mismatch between oxygen supply and demand. As a 

result, patients experience ischemic symptoms despite 

the absence of large vessel blockages [14]. 

• Association with Adverse Cardiovascular Outcomes: 

CMD has been linked to worse outcomes in patients with 

ischemic heart disease, including an increased risk of 

heart failure with preserved ejection fraction (HFpEF), 

myocardial infarction, and overall cardiovascular 

mortality. The presence of CMD in IHD patients is 

associated with poorer prognosis, even when traditional 

coronary artery disease is absent or mild [15]. 

• Heart Failure with Preserved Ejection Fraction (HFpEF): 

CMD is a significant contributor to the pathophysiology 

of HFpEF. In these patients, impaired microvascular 

function leads to inadequate oxygen supply to the 

myocardium, exacerbating the heart's inability to meet 

the metabolic demands of the body despite preserved 

systolic function. This results in exercise intolerance and 

dyspnea, common symptoms of HFpEF [16]. 

 

5. Diagnostic Approaches for Coronary Microvascular 

Dysfunction 

The diagnosis of CMD is challenging because it 

often occurs in the absence of visible coronary artery disease 

on standard imaging techniques such as coronary 

angiography. Several methods have been developed to assess 

microvascular function [17]. 

1) Coronary Flow Reserve (CFR) 

• CFR is one of the most widely used measures to assess 

coronary microvascular function. It is calculated as the 

ratio of blood flow in coronary artery during hyperemia 

(increased flow, typically induced by adenosine) to 

baseline flow. A reduced CFR (typically <2.0) indicates 

impaired coronary microvascular function [18]. 

2) Doppler Flow Velocity Measurement 

• This technique uses coronary Doppler ultrasound to 

measure velocity of blood flow in coronary microvessels. 

A reduced flow velocity during hyperemia suggests 

impaired microvascular function [19]. 
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3) Positron Emission Tomography (PET) 

• PET imaging can measure myocardial blood flow and 

coronary flow reserve. It is considered one of the gold 

standard techniques for assessing microvascular 

function, particularly in patients with suspected CMD 

and normal angiograms [20]. 

4) Magnetic Resonance Imaging (MRI) 

• Cardiac MRI with contrast can be used to assess 

myocardial perfusion and detect regional ischemia 

caused by CMD. MRI can also evaluate the structural 

integrity of the coronary microvessels, providing 

additional insights into microvascular health [21]. 

5) Invasive Assessments: Pressure and Flow Measurements 

• Invasive techniques, such as the measurement of 

coronary artery pressure and flow using a guidewire 

(e.g., the thermodilution technique), can be used to 

evaluate microvascular function during coronary 

angiography. These techniques allow for real-time 

measurement of microvascular resistance and flow [22]. 

 

6. Risk Factors and Coronary Microvascular 

Dysfunction 

Several cardiovascular risk factors are strongly 

associated with development and progression of CMD [23]. 

• Hypertension: Elevated blood pressure increases the 

workload on the heart and exacerbates endothelial 

dysfunction, leading to microvascular impairment. 

• Diabetes: Chronic hyperglycemia is known to damage 

the endothelium and impair microvascular function 

through various mechanisms, including increased 

oxidative stress and inflammatory cytokine production. 

• Obesity and Metabolic Syndrome: These conditions are 

associated with systemic inflammation, increased 

sympathetic nervous system activity, and endothelial 

dysfunction, all of which contribute to the development 

of CMD. 

• Smoking: Smoking leads to endothelial dysfunction, 

increased oxidative stress, and impaired coronary 

vasodilation, all of which are key contributors to CMD. 

• Aging: Age-related changes in the coronary 

microvasculature, such as reduced endothelial nitric 

oxide production and increased vascular stiffness, 

contribute to the development of CMD [24]. 

 

7. Management of Coronary Microvascular 

Dysfunction 

Effective management of CMD focuses on treating 

underlying risk factors, improving endothelial function, and 

optimizing myocardial perfusion [25]. 

• Pharmacological Approaches: 

o Vasodilators: Medications that improve coronary 

vasodilation, such as nitrates or calcium channel 

blockers, may help alleviate symptoms of CMD and 

improve myocardial oxygen delivery. 

o Statins: Statins, by lowering cholesterol and reducing 

inflammation, have shown potential benefits in 

improving microvascular function and reducing 

cardiovascular risk in patients with CMD. 

o Angiotensin-Converting Enzyme Inhibitors (ACE-Is): 

ACE inhibitors can improve endothelial function and 

have been shown to be beneficial in managing CMD, 

particularly in patients with hypertension or diabetes. 

o Aspirin and Antiplatelet Therapy: While CMD does not 

typically involve significant thrombotic events, 

antiplatelet therapy may be helpful in managing 

underlying inflammation and reducing the risk of further 

vascular damage [17]. 

• Lifestyle Modifications 

o Physical Activity: Regular exercise has been shown to 

improve endothelial function, reduce inflammation, and 

enhance coronary microvascular health. 

o Diet: A heart-healthy diet rich in antioxidants, omega-3 

fatty acids, and low in processed foods can help improve 

vascular health and reduce oxidative stress. 

o Smoking Cessation and Weight Management: Quitting 

smoking and maintaining a healthy weight can reduce the 

progression of CMD and improve overall cardiovascular 

health. 

• Management of Comorbid Conditions: Controlling 

hypertension, diabetes, and hyperlipidemia is essential in 

reducing the risk of CMD and its associated 

complications [12]. 

 

8. Conclusion 

Coronary microvascular dysfunction is a significant, 

yet often overlooked, contributor to ischemic heart disease. It 

is a key factor in conditions like angina with non-obstructive 

coronary arteries, heart failure with preserved ejection 

fraction, and adverse cardiovascular outcomes in patients 

with risk factors such as hypertension, diabetes, and obesity 

[3]. Diagnosis remains challenging, but advancements in 

imaging techniques like coronary flow reserve (CFR), PET, 

and MRI are improving our ability to detect CMD. Early 

identification and appropriate management of CMD through 

lifestyle modifications, pharmacological therapy, and control 

of underlying risk factors can help reduce the cardiovascular 

burden and improve patient outcomes. Understanding and 

addressing CMD as a distinct pathological entity is crucial in 

improving the management of ischemic heart disease and 

related conditions [9]. 
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