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Abstract —

Pulmonary tuberculosis (TB) is a persistent global health concern, often leaving behind a trail of sequelae that
impact lung structure and function. These sequelae, coupled with the development of fibrosis, contribute to a
range of respiratory challenges. This thesis delves into a specific dimension of this complex interplay, focusing
on the relationship between TB sequelae-associated fibrosis and its potential contribution to the development of
pulmonary artery hypertension (PAH) and subsequent cor pulmonale.Pulmonary tuberculosis (TB) remains a
global health challenge, with significant morbidity and mortality associated with both active and latent forms of
the disease. While medical advancements have led to improved TB control and reduced mortality rates, a
considerable number of patients continue to suffer from long-term consequences even after successful treatment.
Among these consequences, pulmonary fibrosis has emerged as a critical sequela, contributing to a range of
cardiovascular complications.This comprehensive review delves into the intricate relationship between
pulmonary TB sequelae, fibrosis, and their profound impact on the cardiovascular system.We specifically focus
on the development of pulmonary artery hypertension (PAH) and cor pulmonale as pivotal cardiovascular
complications associated with TB-induced lung fibrosis.In conclusion, this comprehensive exploration
underscores the intricate connection between pulmonary TB sequelae, fibrosis, and cardiovascular
complications, particularly PAH and cor pulmonale. By shedding light on the pathophysiological mechanisms
and clinical implications, this review aims to increase awareness and promote early intervention to improve the
quality of life and outcomes for individuals who have experienced TB and its long-term consequences.
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. INTRODUCTION

Background and Rationale

Pulmonary tuberculosis (TB) is a lung disease caused by a bacteria called Mycobacterium tuberculosis.
Even after successfully treating TB, some people can experience long-term health problems. Tuberculosis (TB)
remains a global health concern, with 1.3 million deaths expected in 2021. Despite 20 million patients surviving
TB treatment in 2020, little is known about their lung health, quality of life, and rehabilitation needs. Focusing
on diagnosis and treatment, rather than post-TB effects, has limited understanding®. One of these problems is the
development of scar tissue in the lungs, known as fibrosis. Another issue is related to the heart and blood
vessels, where the blood vessels in the lungs can become narrow and stiff, causing a condition called pulmonary
artery hypertension (PAH). When PAH becomes severe, it can lead to a condition called cor pulmonale, which
is when the right side of the heart becomes enlarged due to the increased strain from the lung problems.
Studying the connection between these different health issues is important because it helps us understand how
they are related and how they can affect people's health. People who have had pulmonary tuberculosis might not
just deal with lung problems; they could also face heart and blood vessel issues later on. By exploring the
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connections between pulmonary tuberculosis, fibrosis, pulmonary artery hypertension, and cor pulmonale, we
can improve our knowledge of how these conditions develop and how they might be treated or prevented. In the
review article, researchers will likely gather and analyze existing studies and information to put together a
comprehensive understanding of how these health problems are linked. This knowledge can guide doctors and
researchers in developing better ways to diagnose, treat, and manage the health of individuals who have
experienced pulmonary tuberculosis and might be at risk of these related complications.

Objectives of this write up

The primary objective of this review article is to comprehensively examine the intricate relationships
between pulmonary tuberculosis (TB) sequelae, specifically fibrosis (lung scarring), and the subsequent
development of cardiovascular complications, particularly pulmonary artery hypertension (PAH) and cor
pulmonale. By analyzing existing research and clinical data, we aim to elucidate the underlying mechanisms
linking these conditions, identify common risk factors, and provide healthcare practitioners with an informed
perspective to enhance the diagnosis, management, and prevention of cardiovascular issues in individuals with a
history of pulmonary TB. Through this exploration, we also strive to pave the way for future research
endeavours aimed at refining our understanding of this nexus and devising targeted interventions to improve
patient outcomes. By achieving these research objectives, the review article intends to offer a comprehensive
and in-depth exploration of the intricate relationship between pulmonary TB sequelae, fibrosis, and
cardiovascular complications, specifically PAH and cor pulmonale. Through a critical analysis of existing
literature, the article aims to contribute to a better understanding of this multifaceted connection and provide
insights that could inform clinical practice, research endeavours, and public health strategies.

Scope and Significance

The primary objective of this review article is to comprehensively examine the intricate relationships
between pulmonary tuberculosis (TB) sequelae, specifically fibrosis (lung scarring), and the subsequent
development of cardiovascular complications, particularly pulmonary artery hypertension (PAH) and cor
pulmonale. By analyzing existing research and clinical data, we aim to elucidate the underlying mechanisms
linking these conditions, identify common risk factors, and provide healthcare practitioners with an informed
perspective to enhance the diagnosis, management, and prevention of cardiovascular issues in individuals with a
history of pulmonary TB. Through this exploration, we also strive to pave the way for future research
endeavours aimed at refining our understanding of this nexus and devising targeted interventions to improve
patient outcomes. This topic is important because it helps us see the bigger picture of how TB affects the body
beyond just the lungs. By studying these connections, we can improve how we care for people who had TB,
making sure we catch and manage heart issues early. This knowledge could lead to better treatments and
strategies to prevent heart-related complications in TB survivors, ultimately improving their overall health and
quality of life.

1. PULMONARY TUBERCULOSIS SEQUELAE AND FIBROSIS
Overview of TB Sequelae

Pulmonary tuberculosis (TB) is a lung disease caused by a bacterium called Mycobacterium
tuberculosis. While many people recover from TB with proper treatment, some may experience long-term
effects even after the infection has cleared. These lasting effects are known as sequelae. Pulmonary TB sequelae
are akin to lingering effects that can occur after an individual has had tuberculosis (TB) in their lungs. When TB
is present in the lungs, the germs can damage the lung tissues. Even after the TB is treated and the person
improves, the damaged parts of the lungs might not fully heal. This can result in persistent issues or changes in
the lungs, referred to as sequelae.

One common sequela of pulmonary TB is fibrosis. This arises when lung tissue becomes scarred due to
the body's efforts to heal itself after the infection. These scars can make the lung tissue less flexible, which
might impact a person's ability to breathe and move air in and out of their lungs. This, in turn, can lead to
symptoms such as shortness of breath and reduced lung function. Understanding these sequelae is crucial
because they can significantly impact a person's health even after TB treatment. Healthcare providers need to
monitor individuals who have had pulmonary TB for signs of fibrosis, PAH, or cor pulmonale, so that
appropriate interventions can be implemented to manage and enhance their lung and heart health.

In accordance with the virulence of the organism and the defences of the host, tuberculosis can occur in
the lungs and in extrapulmonary organs. A variety of sequelae and complications can occur in the pulmonary
and extrapulmonary portions of the thorax in treated or untreated patients. These can be categorized as follows®.
e Parenchymal lesions, which include tuberculoma, thin-walled cavity, cicatrization, end-stage lung

destruction, aspergilloma, and bronchogenic carcinoma.
e  Airway lesions, which include bronchiectasis, tracheobronchial stenosis, and broncholithiasis.
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e vascular lesions, which include pulmonary or bronchial arteritis and thrombaosis, bronchial artery dilatation,
and Rasmussen aneurysm.

e Mediastinal lesions, which include lymph node calcification and extra-nodal extension, eso-phago-
mediastinal or eso-phago-bronchial fistula, constrictive pericarditis, and fibrosing mediastinitis.

e  Pleural lesions, which include chronic empyema, fibrothorax, bronchopleural fistula, and pneumothorax,
and.

e  Chest wall lesions, which include rib tuberculosis, tuberculous spondylitis, and malignancy associated with
chronic empyema.

These varieties of radiologic manifestations can mimic other disease entities. Therefore, recognition
and understanding of the radiologic manifestations of the thoracic sequelae and complications of tuberculosis
are important to facilitate diagnosis.Even though most of the tuberculosis (TB) programmes consider their work
completed when a patient is ‘successfully’ cured, patients often continue to suffer with post-treatment or
surgical sequelae®.

Some common pulmonary TB sequelae include Scarring: Damaged areas in the lungs can leave scars or

marks. These scars might not function as effectively as healthy lung tissue, potentially causing difficulty in

breathing.

e Cavities: During active TB, tiny holes or gaps can form in the lung tissue. Even after healing, these holes
might persist and cause breathing issues.

e Fibrosis: This occurs when lung tissues become stiff and less flexible due to the healing process. Stiff lungs
can make taking deep breaths more challenging.

e Bronchiectasis: This condition arises when the airways in the lungs widen and scar. This can lead to mucus
buildup, resulting in coughing and breathing difficulties.

o Reduced Lung Capacity: The overall ability of the lungs to hold air and facilitate adequate oxygen intake
might decrease due to the damage from TB.

e Chronic Respiratory Symptoms: Some individuals might continue experiencing symptoms like coughing,
wheezing, or shortness of breath even after recovering from TB.

It's important to note that not everyone who has had TB will develop these sequelae. The likelihood of
sequelae depends on factors such as the severity of the TB, the promptness of treatment, and the individual's
overall health.

The Role of Fibrosis in Lung Damage

The role of fibrosis in lung damage involves the excessive buildup of scar tissue (fibrosis) in the lungs,
which can negatively impact lung function and overall respiratory health. Fibrosis occurs as a response to injury
or inflammation in the lung tissue, where the body's attempt to repair itself leads to an abnormal accumulation
of collagen and other proteins. This scar tissue is less flexible than healthy lung tissue, causing the lungs to
become stiff and less capable of expanding and contracting properly during breathing. As a result, the ability to
take in oxygen and expel carbon dioxide is compromised, leading to difficulties in breathing, reduced lung
capacity, and impaired overall lung function. Fibrosis can result from various causes, including chronic lung
diseases, infections, and environmental factors.

Especially in the context of TB sequelae, the role of fibrosis in lung damage is of paramount
importance. When someone has had pulmonary tuberculosis (TB), the body's response to the infection can lead
to scar tissue formation, known as fibrosis, in the lungs. This fibrosis can occur as the body tries to heal the
damage caused by the infection. Unfortunately, this healing process can result in the lung tissues becoming stiff
and less flexible. The buildup of scar tissue can lead to reduced lung function, making it challenging for the
lungs to expand and contract properly during breathing. This can result in symptoms like shortness of breath,
reduced exercise capacity, and a decreased ability to deliver oxygen to the body. Understanding the role of
fibrosis in TB sequelae is crucial for healthcare providers to monitor individuals who have had pulmonary TB,
as this fibrosis can have long-lasting effects on lung health and overall well-being. By recognizing the impact of
fibrosis, appropriate interventions can be implemented to manage and improve lung function, allowing
individuals to lead healthier lives even after recovering from TB.

Pulmonary epithelial cells are widely considered to be the first line of defence in the lung and are
responsible for coordinating the innate immune response to injury and subsequent repair. Consequently,
epithelial cells communicate with multiple cell types including immune cells and fibroblasts to promote acute
inflammation and normal wound healing in response to damage. However, aberrant epithelial cell death and
damage are hallmarks of pulmonary disease, with necrotic cell death and cellular senescence contributing to
disease pathogenesis in numerous respiratory diseases such as idiopathic pulmonary fibrosis (IPF), chronic
obstructive pulmonary disease (COPD) and coronavirus disease (COVID)-19%

Interactions Between Fibrosis and TB Sequelae
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When we talk about what happens after someone has tuberculosis (TB) in their lungs, two important
things are fibrosis and sequelae. Fibrosis is like the body's way of fixing things. After TB infection, the body
tries to heal, but this can make scar tissue in the lungs. While this is meant to help, it can also make the lungs
stiff and not work well. Sequelae are what's left from TB even after the germs are gone. They can be things like
holes, wider airways, and ongoing breathing problems. Fibrosis and sequelae are connected. The scar tissue
from fibrosis can make some sequelae worse. For example, stiff lung tissue from fibrosis can cause airways to
get wider, which is not good. Also, fibrosis can stop the lungs from expanding fully, which makes breathing
harder and symptoms worse. After TB, fibrosis can make some problems from it worse, and this creates a cycle
that hurts lung health. When doctors understand how fibrosis and sequelae work together, they can help people
who had TB have healthier lungs. It's kind of like when you fix things in a house — sometimes the fixes can
make things a bit stiff. And sequelae are like reminders of a past problem, even though it's gone. The fixes
(fibrosis) can actually affect these reminders (TB sequelag).

1. PULMONARY ARTERY HYPERTENSION (PAH) AND COR PULMONALE
a. Understanding Pulmonary Artery Hypertension

Pulmonary arterial hypertension (PAH) is a subtype of pulmonary hypertension (PH), characterized by
pulmonary arterial re-modelling. The prevalence of PAH is approximately 10.6 cases per 1 million adults in the
US. Untreated, PAH progresses to right heart failure and death®. Pulmonary Arterial Hypertension (PAH) is a
serious and often misunderstood medical condition affecting the pulmonary arteries — the blood vessels that
carry blood from the heart to the lungs. PAH is marked by abnormally high blood pressure within these arteries,
causing the heart to work harder and potentially leading to life-threatening complications. In this comprehensive
review, we delve into the multifaceted nature of PAH, exploring its causes, symptoms, diagnosis, and
management.

PAH arises from a variety of underlying causes, including genetic predisposition, certain medical
conditions, and exposure to environmental factors. The hallmark of PAH is the narrowing and stiffening of the
pulmonary arteries due to the excessive growth of smooth muscle cells and thickening of the arterial walls. This
process, known as vascular remodelling, results in restricted blood flow and increased pressure, straining the
heart's right ventricle and impairing its ability to pump blood effectively.

The early symptoms of PAH can be subtle, often leading to delayed diagnosis. Patients may experience
shortness of breath, fatigue, dizziness, and a decreased ability to engage in physical activities. As the disease
progresses, symptoms worsen, potentially causing chest pain, palpitations, and even fainting spells. It is crucial
for healthcare providers to recognize these symptoms and initiate timely evaluations to ensure early
intervention.

Diagnosing PAH involves a thorough evaluation, including medical history assessment, physical
examinations, and specialized tests such as echocardiography, right heart catheterization, and pulmonary
function tests. These tests help determine the severity of the condition and its impact on the heart and lungs,
guiding treatment decisions.

Pulmonary Arterial Hypertension remains a complex and potentially debilitating condition that
demands comprehensive understanding and effective management. By unraveling its intricate mechanisms,
recognizing early symptoms, and embracing innovative therapies, medical science is striving to offer a brighter
future for those affected by PAH. Through continued research and patient-centred care, the medical community
remains dedicated to improving the lives of individuals battling this condition, fostering hope and resilience in
the face of adversity.

b. Mechanisms Linking Fibrosis and Pulmonary Artery Hypertension (PAH)

Pulmonary Arterial Hypertension (PAH) and fibrosis are distinct yet interconnected pathological
conditions that affect the pulmonary vasculature and lung tissue, respectively. PAH is characterized by elevated
blood pressure within the pulmonary arteries, leading to increased workload on the right ventricle. Fibrosis, on
the other hand, involves the abnormal accumulation of extracellular matrix components in lung tissue, leading to
impaired lung function and architecture. In recent years, emerging evidence suggests that these seemingly
disparate conditions share common underlying mechanisms, contributing to a growing interest in understanding
the intricate links between fibrosis and PAH.

Idiopathic pulmonary fibrosis (IPF) is a fatal lung disease where the additional presence of pulmonary
hypertension (PH) reduces survival. In particular, the presence of coexistent pulmonary vascular disease in
patients with advanced lung parenchymal disease results in worse outcomes than either diagnosis alone®.
Pulmonary hypertension (PH) is a disorder of the pulmonary vasculature defined by increased pulmonary
vascular resistance (PVR) >3 Wood units associated with an increased mean pulmonary arterial pressure (mPAP
> 20-25 mmHg) at rest’.
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Shared Pathophysiology:

Both PAH and fibrosis are driven by chronic inflammation and immune dysregulation. Inflammatory
mediators, such as cytokines and chemokines, play a pivotal role in initiating and perpetuating vascular
remodelling in PAH and fibrotic processes. Shared immune responses involving immune cells like macrophages
and T cells contribute to the aberrant re-modelling observed in both conditions.

Impaired endothelial function is a hallmark of both fibrosis and PAH. Dysfunctional endothelial cells
lose their vasodilatory capacity and contribute to vasoconstriction in PAH, while in fibrosis, they promote
excessive extracellular matrix deposition. Endothelial cell injury and reduced production of nitric oxide, a potent
vasodilator, are common features in both conditions.

TGF-B is a central player in fibrotic and PAH pathogenesis. Enhanced TGF-f signalling triggers
fibroblast activation, myofibroblast differentiation, and collagen synthesis in fibrosis. In PAH, TGF-p
contributes to vascular remodelling, smooth muscle cell proliferation, and endothelial dysfunction.

Altered extracellular matrix composition and stiffness are evident in both conditions. In fibrosis,
excessive deposition of collagen and other matrix components leads to tissue stiffening. Similarly, vascular
stiffening due to collagen accumulation contributes to the vascular dysfunction seen in PAH.

Understanding the mechanisms linking fibrosis and PAH holds promise for developing novel
therapeutic strategies targeting shared pathways. Targeting common mediators, such as inflammation, TGF-f
signalling, and angiogenesis, could potentially provide a more comprehensive approach to treating both
conditions simultaneously. As research advances, unravelling the complex connections between fibrosis and
PAH offers the potential for improved patient outcomes and a deeper insight into the underlying biology of
these challenging pulmonary disorders.

c. Cor Pulmonale: Implications and Mechanisms

Cor pulmonale is a Latin word that means "pulmonary heart,” its definition varies, and presently, there
is no consensual definition. Cor pulmonale can be defined as an alteration in the structure (e.g., hypertrophy or
dilatation) and function of the right ventricle (RV) of the heart caused by a primary disorder of the respiratory
system resulting in pulmonary hypertension. Right-sided heart failure secondary to left-sided heart failure, or
congenital heart disease is not considered cor pulmonale. This activity reviews the causes, pathophysiology, and
diagnosis of cor pulmonale and highlights the role of the interprofessional team in the management of these
patients®.

Cor pulmonale, a condition characterized by right ventricular dysfunction secondary to pulmonary
disorders, carries significant implications for patient outcomes and management strategies. This article explores
the pathophysiological mechanisms underlying cor pulmonale, its clinical implications, diagnostic approaches,
and therapeutic strategies. By understanding the intricate interplay between the pulmonary and cardiovascular
systems, healthcare professionals can better identify and manage cor pulmonale, ultimately improving patient
care and quality of life. Cor pulmonale, also known as pulmonary heart disease, refers to right ventricular
enlargement and dysfunction resulting from chronic pulmonary diseases. As a consequence of increased
pulmonary vascular resistance and pressure overload on the right ventricle, cor pulmonale presents a complex
clinical scenario with both acute and chronic manifestations. This article delves into the mechanisms
contributing to the development of cor pulmonale and its far-reaching implications.

Pulmonary Hypertension and Vascular Remodelling: Chronic pulmonary diseases, such as chronic
obstructive pulmonary disease (COPD) and interstitial lung diseases, can lead to pulmonary hypertension due to
sustained vasoconstriction and vascular remodelling. Increased pulmonary vascular resistance places strain on
the right ventricle, triggering compensatory hypertrophy and eventual right ventricular failure.

Hypoxic Pulmonary Vasoconstriction: Hypoxia, a common feature of many lung disorders, activates
hypoxic pulmonary vasoconstriction. While this response initially helps match ventilation and perfusion,
chronic hypoxic exposure can contribute to sustained pulmonary hypertension, further stressing the right
ventricle.

Inflammatory and Fibrotic Processes: Inflammatory cytokines and fibrotic changes within lung tissues
can disrupt normal lung architecture and increase vascular resistance. These processes can contribute to
pulmonary hypertension and right ventricular overload.

Symptoms and Diagnosis: Patients with cor pulmonale may present with symptoms such as dyspnea,
fatigue, peripheral edema, and in advanced cases, syncope. Diagnosis involves a combination of clinical
assessment, imaging (echocardiography, chest X-rays), pulmonary function tests, and right heart catheterization
to measure pulmonary pressures directly.

Prognosis and Quality of Life: Cor pulmonale significantly worsens the prognosis of underlying lung
diseases. It is associated with increased hospitalizations, reduced exercise capacity, and decreased quality of life.
Early recognition and management are crucial to improving outcomes.
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Cor pulmonale underscores the intricate relationship between pulmonary and cardiovascular health. By
recognizing its mechanisms, clinical implications, and management strategies, healthcare professionals can
work towards enhancing the well-being of individuals afflicted by this challenging condition. Continued
research and collaborative efforts will undoubtedly contribute to improved patient outcomes in the years to
come.

Evaluation of cor pulmonale; Laboratory investigations are directed toward defining the potential
underlying etiologies as well as evaluating the complications of cor pulmonale, these include®:

e Chest radiograph: Enlargement of the pulmonary artery may be seen, cardiomegaly is confined
predominantly, if not exclusively, to the right ventricle and other features may be detected according to the
cause.

e  Electrocardiogram: Shows features of right ventricular hypertrophy/enlargement

e Doppler echocardiography (most practical but heavily operator dependent): The non-invasive diagnosis of
pulmonary hypertension is presently based on echocardiography. Continuous-wave Doppler
echocardiography allows the calculation of the trans tricuspid pressure gradient from the peak velocity of
the tricuspid regurgitant jet.

e Chest CT angiography to rule out pulmonary thromboembolism as a cause. Main pulmonary artery
diameter measurements greater than 29 mm have a sensitivity of 84% and specificity of 75% for the
diagnosis of pulmonary hypertension.

e Ventilation/perfusion (V/Q) scanning can be particularly useful in evaluating patients with cor pulmonale,
especially if pulmonary hypertension is due to chronic thromboembolic pulmonary hypertension (CTEPH).

e MRI: This non-invasive technique yields highly accurate dimensions of the right ventricle but is not
routinely used.

e PFTs and 6-minute walk test for assessment of the severity of lung disease and exercise capacity
respectively.

e Arright heart Cath is a gold standard for diagnosis, assessment of Pulmonary hypertension severity. Right
heart catheterization reveals evidence of right ventricular (RV) dysfunction (mean pulmonary artery
pressure (PAP) above 25 mmHg) without left ventricular (LV) dysfunction. Differentiating left-sided from
the right-sided disease includes measuring the pulmonary capillary wedge pressure (PCWP), which is an
estimation of left atrial pressure. Thus, RV dysfunction is also defined as having a PCWP below 15 mmHg.

PATHOPHYSIOLOGICAL MECHANISMS
a. Pulmonary Vascular Changes in Fibrosis

When it comes to lung fibrosis, not only is the lung tissue affected, but changes also happen in the
blood vessels that carry blood through the lungs. These blood vessels, called pulmonary blood vessels, are like
highways for blood that need to exchange oxygen and carbon dioxide. In fibrosis, these highways become
narrower and stiffer, making it harder for blood to flow smoothly. This can put extra pressure on the heart and
reduce the amount of oxygen that gets into the blood.

c. Role of Chronic Hypoxia and Vasoconstriction

Imagine if the air around you had less oxygen than usual. Your body might start struggling because it
needs oxygen to function properly. In fibrosis, the lung tissue becomes scarred and doesn't work as well as it
should. This can cause a drop in the level of oxygen in the blood, a condition called chronic hypoxia. To
compensate, the blood vessels in the lungs might tighten up, a process known as vasoconstriction. This
tightening adds to the pressure inside the blood vessels, making it even harder for the heart to pump blood
through the lungs.

d. Fibrosis-Induced Pulmonary Vascular Remodelling

Think of your lungs as a complex network of pipes. In fibrosis, the lung tissue gets damaged and
scarred, but the blood vessels are affected too. These blood vessels can change their structure in a way that's not
normal. They can become thicker and less flexible, just like when a road becomes bumpy and hard to drive on.
This remodelling of the blood vessels is like the body's attempt to repair the damage, but it often ends up
causing more problems. These changes can lead to a buildup of pressure in the pulmonary arteries, making the
heart work harder and causing symptoms like shortness of breath. In simple terms, fibrosis not only makes the
lungs stiff and less able to expand but also messes up the highways (blood vessels) that transport blood through
the lungs. The lack of oxygen and the changes in blood vessel structure add extra challenges for the heart,
making it a tough situation for people dealing with fibrosis. Understanding these changes helps doctors find
ways to manage the complications and improve the quality of life for those affected.

IV.  CLINICAL IMPLICATIONS
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a. Impact of PAH on Quality of Life

Living with Pulmonary Arterial Hypertension (PAH) can bring significant changes to a person's life.
The increased pressure in the lung's blood vessels can make even simple activities, like walking or climbing
stairs, feel like a big challenge. This can lead to fatigue, shortness of breath, and a reduced ability to enjoy daily
life. People with PAH might need to adapt their routines, use supplemental oxygen, and make other lifestyle
changes to manage their symptoms. The impact on quality of life can be substantial, not only affecting physical
well-being but also emotional and social aspects. Understanding these challenges helps healthcare providers
offer better support and strategies to enhance the overall well-being of individuals living with PAH.

b. Diagnostic Challenges and Screening

Diagnosing PAH isn't always straightforward. The symptoms, like shortness of breath and fatigue, can
be mistaken for other conditions. Also, the tests needed to confirm PAH might not be easily accessible
everywhere. This delay in diagnosis can lead to the disease progressing further before appropriate treatment
starts. That's why it's crucial to raise awareness about PAH and educate healthcare professionals to recognize its
signs. Screening high-risk populations, such as those with certain heart and lung conditions, can help catch PAH
earlier, allowing for timely intervention and improved outcomes.

c. Treatment Approaches and Considerations

Treating PAH involves a multi-pronged approach aimed at managing symptoms, improving quality of
life, and slowing disease progression. Medications that dilate the blood vessels and reduce pressure in the lungs
are often the cornerstone of treatment. Lifestyle modifications, like staying physically active and managing fluid
intake, can also make a difference. In some cases, lung transplant or specialized surgeries might be considered.
However, choosing the right treatment depends on various factors, including the severity of PAH, the patient's
overall health, and their response to different therapies. It's important for patients to work closely with their
healthcare team to find the best treatment plan tailored to their individual needs.

In essence, the clinical implications of PAH reach far beyond the physical symptoms. The emotional
and social toll, along with the challenges in diagnosing and treating the condition, highlight the importance of a
holistic approach to care. By addressing not only the medical aspects but also the impact on daily life, healthcare
providers can offer more comprehensive support to individuals navigating the complexities of living with PAH.

V. COR PULMONALE AND RIGHT VENTRICULAR DYSFUNCTION
a. Consequences of Chronic Pulmonary Hypertension
Chronic Pulmonary Hypertension (PH) can have far-reaching consequences, particularly on the right
side of the heart. The right ventricle, responsible for pumping blood into the lungs, has to work harder against
increased pressure in the lung's blood vessels. Over time, this increased workload can lead to the enlargement
and weakening of the right ventricle. If left unaddressed, these changes can lead to a condition known as Cor
Pulmonale.

b. Cor Pulmonale: Clinical Manifestations and Progression

Cor Pulmonale is a condition where the right side of the heart struggles to pump blood effectively due
to chronic lung problems and high pressure in the pulmonary arteries. This can result in symptoms like swelling
in the legs and ankles, fatigue, and shortness of breath, especially during physical activities. As Cor Pulmonale
progresses, it can lead to more severe symptoms and complications, including fluid buildup in the abdomen and
liver, and eventually heart failure. Recognizing the signs of Cor Pulmonale is crucial for early intervention and
management.

¢. Management Strategies for Cor Pulmonale

Managing Cor Pulmonale involves addressing both the underlying lung condition and the strain on the
right ventricle. Treating the primary lung issue, such as chronic obstructive pulmonary disease (COPD) or
interstitial lung disease, is essential to prevent further damage to the heart. Medications that reduce pulmonary
artery pressure and ease the heart's workload are often prescribed. In severe cases, supplemental oxygen therapy
may be necessary to improve oxygen levels and ease the strain on the heart. Lifestyle modifications, including
exercise and dietary changes, can also play a role in managing Cor Pulmonale.

In summary, chronic pulmonary hypertension can lead to Cor Pulmonale, a condition where the right
side of the heart struggles due to lung-related issues. Recognizing the signs and managing both the heart and
lung components are key to improving outcomes. By addressing Cor Pulmonale comprehensively, healthcare
providers aim to improve the quality of life for individuals affected by this condition and mitigate its impact on
overall heart health.
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VI. INTERPLAY BETWEEN FIBROSIS, PAH, AND COR PULMONALE

a. Review of Existing Research

Exploring the connections between fibrosis, Pulmonary Arterial Hypertension (PAH), and Cor
Pulmonale unveils a complex interplay that goes beyond individual conditions. Past research has uncovered
links suggesting that fibrosis can influence the development and progression of both PAH and Cor Pulmonale.
Understanding these relationships is crucial for a holistic approach to diagnosis and management.
b. How Fibrosis Amplifies Cardiovascular Risks

Fibrosis isn't limited to just lung tissue; it extends its effects to blood vessels and the heart. The
abnormal scar tissue in fibrosis can affect the blood vessels' ability to expand and contract properly, contributing
to increased blood pressure in the lungs (PAH). Moreover, the heart has to work harder against the resistance
caused by fibrosis, potentially leading to right ventricular strain and Cor Pulmonale. This interconnected web of
effects underscores the importance of addressing fibrosis to prevent or manage associated cardiovascular risks.

c. Potential Therapeutic Avenues

Understanding the interplay between fibrosis, PAH, and Cor Pulmonale opens doors to novel treatment
strategies. Targeting common pathways, such as inflammation, TGF-f signaling, and angiogenesis, may offer
benefits for all three conditions. Therapies that reduce fibrosis might alleviate the pressure on pulmonary blood
vessels, helping to manage PAH. Similarly, strategies that support heart function could mitigate the impact of
Cor Pulmonale. Collaborative research aimed at tackling the shared aspects of these conditions holds promise
for improving patient outcomes and quality of life.

In summary, the intricate interplay between fibrosis, PAH, and Cor Pulmonale uncovers a complex
web of effects that influence each other. Recognizing these connections and exploring potential treatment
avenues could lead to innovative approaches that address the intertwined challenges of these conditions. As
researchers delve deeper into these relationships, new insights could emerge, providing hope for improved
understanding and management for individuals dealing with these complex pulmonary and cardiovascular
conditions.

VII. CLINICAL INSIGHTS AND FUTURE DIRECTIONS
a. Early Detection and Screening Protocols
Early detection is a key factor in improving outcomes for individuals with conditions like fibrosis,
Pulmonary Arterial Hypertension (PAH), and Cor Pulmonale. Developing effective screening protocols that
consider risk factors, symptoms, and accessible diagnostic tools is crucial. ldentifying these conditions at an
early stage allows for timely intervention, which can significantly impact disease progression and quality of life.

b. Multidisciplinary Approaches to Management

Managing the complex interplay between fibrosis, PAH, and Cor Pulmonale demands a collaborative
effort from various medical disciplines. Pulmonologists, cardiologists, radiologists, and other specialists need to
work together to provide comprehensive care. This multidisciplinary approach ensures that all aspects of the
patient's health are considered, leading to more effective management strategies that address both pulmonary
and cardiovascular components.

c¢. Unanswered Questions and Research Gaps

Despite advances in our understanding, there are still many unanswered questions and research gaps in
the field of fibrosis, PAH, and Cor Pulmonale. Further studies are needed to uncover the exact mechanisms that
connect these conditions and how they progress over time. Additionally, exploring the genetic factors that might
predispose individuals to developing these conditions could provide valuable insights. Continued research is
essential for developing targeted treatments and improving our ability to predict and manage these complex
pulmonary and cardiovascular challenges.

In conclusion, as we delve deeper into the clinical insights gained from studying the interplay between
fibrosis, PAH, and Cor Pulmonale, we pave the way for improved detection, management, and patient care. By
focusing on early detection, adopting multidisciplinary approaches, and addressing research gaps, the medical
community is poised to make significant strides in understanding, treating, and ultimately improving the lives of
individuals affected by these interconnected conditions.

VIIl. CONCLUSION
a. Recapitulation of Findings
Throughout this review article, we have embarked on a comprehensive journey through the intricate
web connecting pulmonary tuberculosis (TB) sequelae, fibrosis, and cardiovascular complications. The interplay
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between these conditions, once perceived as separate entities, has been unraveled, revealing the complex
relationships and shared mechanisms that underlie their development. From the formation of scar tissue in the
lungs to the cascading effects on blood vessels and the heart, our exploration has shed light on how fibrosis
bridges the gap between pulmonary TB sequelae and the onset of pulmonary artery hypertension (PAH) and cor
pulmonale.

b. Contributions and Implications

This review article has contributed to the existing body of knowledge by weaving together insights
from various research domains. By consolidating the latest findings, we have highlighted the crucial role of
fibrosis in linking pulmonary TB sequelae to cardiovascular complications. The implications of this nexus
extend to clinical practice, where healthcare providers can now approach patients with a history of pulmonary
TB in a more holistic manner, considering the potential for fibrosis-related PAH and cor pulmonale. By
recognizing the shared mechanisms and pathways, clinicians can tailor their approaches to diagnosis,
management, and prevention, ultimately enhancing patient outcomes.

c. Recommendations for Further Research

As we conclude this comprehensive exploration, we also recognize the research gaps that remain. The
intricate connections between fibrosis, PAH, and cor pulmonale beckon for further investigation. Future studies
could delve into the genetic predisposition to these conditions, shedding light on why some individuals are more
susceptible than others. Additionally, investigations into novel therapeutic avenues targeting common pathways
might hold promise for improved treatment strategies. Longitudinal studies tracking the progression of
individuals with pulmonary TB sequelae and fibrosis could provide valuable insights into the evolution of these
conditions over time. Moreover, exploring the potential benefits of multidisciplinary interventions could pave
the way for more effective and patient-centric approaches to care.

In conclusion, this review article has embarked on a journey to illuminate the interplay between
pulmonary TB sequelae, fibrosis, and cardiovascular complications. The intricate connections uncovered within
this complex nexus have not only expanded our understanding but also opened doors to enhanced clinical
practice and research endeavours. By acknowledging the shared mechanisms and embracing multidisciplinary
approaches, we stand at the cusp of a new era in managing these interconnected conditions, offering hope and
improved quality of life for those who navigate their challenges.
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