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ABSTRACT

This article provides an in-depth review of the correlation between radiological features and mortality in
pulmonary tuberculosis (TB) patients presenting with respiratory distress, highlighting the interplay
between diagnostic imaging and clinical outcomes. It examines key aspects such as the pathophysiological
mechanisms underlying respiratory distress in TB, predictors of adverse outcomes, and the critical role of
diagnostic imaging in identifying disease severity. Radiological findings, including cavitation, infiltrates,
consolidations, and pleural effusions, are explored for their prognostic implications and their role in guiding
treatment strategies for high-risk patients. By synthesizing evidence from recent studies, the review
underscores the importance of integrating radiological assessments with clinical, biochemical, and
laboratory data to improve risk stratification and optimize management. These insights aim to enhance
understanding of how severe radiological patterns influence mortality and provide actionable guidance for

improving therapeutic approaches in TB patients, particularly those in critical care settings.
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INTRODUCTION

Pulmonary tuberculosis (TB) remains a significant
global health challenge, contributing to morbidity
and mortality worldwide. The World Health
Organization (WHO) reports that TB is among the
top causes of death from infectious diseases, with
millions of new cases and fatalities annually. The
burden of TB is exacerbated by its association with
poverty, overcrowding, and limited access to
healthcare in many regions. Pulmonary TB primarily
affects the lungs but can also lead to systemic
complications, significantly impacting patient
outcomes.

Among its severe manifestations, respiratory
distress represents a critical complication with high
mortality rates. Respiratory distress in TB patients is
characterized by impaired gas exchange, and
hypoxia, and often requires intensive medical
interventions. This condition arises from extensive
pulmonary involvement, including cavitation,
infiltrates, and pleural effusion, which compromise
lung function. The severity of respiratory distress
correlates with poor prognoses, making early
identification and management vital.

Radiological imaging plays a pivotal role in
diagnosing and monitoring TB. Chest radiographs
are a cornerstone of TB management, providing
critical insights into the extent and nature of
pulmonary involvement. Common findings in TB
include infiltrates, cavitation, fibrosis, and effusion,
which vary with disease stage and severity. In cases
of respiratory distress, chest radiographs often
reveal extensive lesions or consolidations that
signify severe disease.

This article synthesizes findings from a study
exploring the influence of radiological features on
mortality in TB patients presenting with respiratory
distress. By bridging diagnostic insights with clinical
outcomes, this review aims to highlight the
prognostic value of radiological findings and their
role in guiding treatment strategies for high-risk TB
patients. Through a deeper understanding of these
correlations, healthcare providers can enhance
decision- making processes and improve patient
outcomes.
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PULMONARY TUBERCULOSIS ETIOLOGY

e Causative Agent

Pulmonary tuberculosis (TB) is caused by
Mycobacterium tuberculosis, an obligate aerobic,
rod-shaped bacterium that is uniquely adapted to
survive in hostile environments. This bacterium
possesses a lipid-rich cell wall, which provides
resilience against chemical and physical stressors,
making it highly resistant to common disinfectants
and environmental extremes. Additionally, its slow
replication rate enables long-term persistence
within host tissues. M. tuberculosis primarily targets
the lungs but has the potential to disseminate to
other organs, causing extrapulmonary TB. Its
pathogenicity is closely linked to its ability to evade
host immune defenses, sustain chronic infection, and
induce progressive lung damage through a
combination of immune-mediated and bacterial
factors[10],[8].

¢ Pathogenic Mechanisms

The pathogenesis of TB involves a complex
interaction between M. tuberculosis and the host
immune system. Following inhalation, aerosolized
droplets containing M. tuberculosis bacilli are
deposited in the alveoli, where they are
phagocytosed by alveolar macrophages. Unlike many
pathogens, M. tuberculosis can survive and replicate
within  these macrophages by preventing
phagosome-lysosome fusion and resisting oxidative
stress. This ability allows the bacilli to establish a
niche for persistence while evading the host's innate
immune response.

Over time, the immune system mounts an adaptive
response, resulting in granuloma formation a
hallmark of TB. These granulomas act as a double-
edged sword: they contain the bacilli and limit
infection spread but also serve as a reservoir for
latent bacteria. The breakdown of granulomas under
conditions of immune suppression, malnutrition, or
co-morbidities such as HIV or diabetes leads to active
TB disease. Chronic inflammation associated with
granuloma formation contributes to tissue necrosis,
cavitation, and eventual pulmonary damage [17], [9].

o Epidemiological Factors

Tuberculosis remains one of the leading infectious
causes of death globally, with significant regional
and demographic disparities in disease burden. The
World Health Organization (WHO) estimates that
approximately 10.6 million people will develop TB in
2021, with the highest incidence rates in Southeast
Asia, Africa, and the Western Pacific regions.
Socioeconomic determinants, such as poverty,
overcrowding, malnutrition, and limited access to
healthcare, are critical factors driving the spread of
TB, particularly in low- and middle-income
countries.

Vulnerable populations, including individuals living
with HIV, those with diabetes mellitus, and
immunosuppressed patients, are at heightened risk
of developing active TB. Furthermore, multidrug-
resistant TB (MDR-TB) and extensively drug-
resistant TB (XDR-TB) pose significant public health

challenges, requiring complex and prolonged
treatment regimens. Addressing these factors
through targeted interventions, including improved
diagnostic access, vaccination programs, and
socioeconomic support, is essential for reducing the
global TB burden[20], [21], [14].

PATHOPHYSIOLOGY

Tuberculosis (TB) pathophysiology involves a
dynamic interplay between the bacterium
Mycobacterium tuberculosis and the host immune
system, resulting in a spectrum of outcomes ranging
from latent infection to active disease with severe
complications.

Transmission occurs when aerosolized droplets
containing M. tuberculosis are expelled from an
infectious person through coughing, sneezing, or
speaking and inhaled by a susceptible host. Factors
enhancing transmission include prolonged exposure
in crowded or poorly ventilated settings, high
bacillary loads in the index case, and host factors
such as immunosuppression [13], [22].

The immune system’s response begins with the
inhalation of bacilli into the alveoli, where alveolar
macrophages phagocytose the pathogen. Despite
initial containment, M. tuberculosis evades
destruction by inhibiting phagosome-lysosome
fusion. This allows the bacilli to persist and replicate
within  macrophages, triggering a localized
inflammatory response. Over time, granulomas form
a hallmark of TB pathophysiology. Granulomas,
composed of macrophages, T cells, and other
immune cells, aim to contain the bacilli but can also
contribute to tissue necrosis and lung damage. These
structures play a dual role, acting as a containment
site for latent infection and a potential source of
reactivation under conditions of immune
suppression or stress [8], [13].

Disease progression from latent to active TB occurs
when the immune system fails to maintain
granuloma integrity, leading to Dbacillary
proliferation, granuloma breakdown, and
dissemination within and beyond the lungs. Factors
such as malnutrition, HIV co-infection, diabetes, and
other comorbidities exacerbate this progression. In
advanced stages, widespread tissue damage,
cavitation, and systemic inflammation further
compromise pulmonary function and overall
health[18], [5]).

Complications of advanced TB include acute
respiratory distress syndrome (ARDS), multi-organ
dysfunction, and other systemic effects. ARDS,
characterized by severe hypoxemia and impaired gas
exchange, often results from extensive pulmonary
involvement and inflammatory cascades. Multi-
organ failure can arise from systemic spread and
chronic immune activation. These severe outcomes
significantly increase morbidity and mortality, often
necessitating intensive medical interventions such
as mechanical ventilation or extracorporeal
membrane oxygenation (ECMO) in critical cases [1],

[4].
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DIAGNOSIS

Accurate and timely diagnosis of tuberculosis (TB) is
essential for effective management and improving
outcomes. Diagnosis typically involves a
combination of clinical evaluation, laboratory
testing, and radiological imaging, each contributing
to the overall assessment of disease severity and
progression.

Biochemical Profiles offer valuable insights into the
systemic effects of TB. Inflammatory markers such as
elevated C-reactive protein (CRP) and dysglycemia,
including hyperglycemia and impaired glucose
tolerance, have been associated with severe TB.
These abnormalities reflect the interplay between
metabolic disturbances and chronic inflammation,
providing prognostic information for disease
management. Hypoalbuminemia, a marker of
malnutrition and systemic inflammation, is
frequently observed in TB patients and correlates
with worse clinical outcomes [2], [6].

Radiological Findings remain a cornerstone in TB
diagnosis. Chest radiographs commonly reveal
features such as infiltrates, cavitation, fibrosis, and
pleural effusion. These findings vary with the stage
and severity of the disease. Infiltrates and cavitation,
often localized to the upper lobes, indicate active
infection and tissue destruction, while fibrosis
suggests chronic or healed lesions. Pleural effusions
are indicative of extrapulmonary involvement,
which can complicate the disease course.
Radiological patterns not only aid in diagnosis but
also provide critical insights into the extent of lung
damage, helping to stratify patients by risk [6], [3].

Advanced Imaging Techniques, particularly
computed tomography (CT), enhance the diagnostic
accuracy for complex or atypical TB cases. CT
imaging offers superior resolution and detailed
visualization of subtle lung lesions, such as miliary
nodules, small cavities, and lymphadenopathy,
which may not be visible on standard chest
radiographs. CT scans are especially valuable for
identifying complications like bronchiectasis or
superimposed infections and are increasingly being
used to assess disease severity and guide treatment
in resource-equipped settings[11][16].

The integration of these diagnostic modalities
ensures a comprehensive evaluation of TB,
facilitating early detection, personalized treatment
strategies, and improved prognostication.

PREDICTORS OF MORTALITY

Understanding the predictors of mortality in
tuberculosis (TB) is crucial for the early
identification of high-risk patients and tailoring
interventions to improve outcomes. Various
systemic and disease-specific factors contribute to
the prognosis of TB, particularly in patients with
advanced disease.

Biochemical and Nutritional Indicators play a
significant role in predicting TB outcomes.
Hypoalbuminemia, a marker of poor nutritional

status and systemic inflammation, is consistently
associated with increased mortality. Malnutrition
exacerbates immune suppression, reducing the
body’s ability to combat infection -effectively.
Elevated inflammatory markers, including C-
reactive protein (CRP) and pro-inflammatory
cytokines, also correlate with severe disease and
worse outcomes. These markers provide valuable
insights into the systemic impact of TB and help in
stratifying patients by risk [6], [7].

Systemic Complications, such as acute respiratory
distress syndrome (ARDS), sepsis, and multi-organ
dysfunction, are critical determinants of mortality in
TB patients. ARDS, characterized by severe
hypoxemia and pulmonary inflammation, often
occurs in the context of extensive pulmonary
involvement or miliary TB. Sepsis and multi-organ
failure further complicate the disease course, leading
to rapid clinical deterioration. These complications
often require intensive care, including ventilatory
support or extracorporeal membrane oxygenation
(ECMO), to stabilize patients [4], [1].

Identifying these predictors allows healthcare
providers to prioritize early and aggressive
management strategies for high-risk patients,
ultimately improving survival rates and quality of
care.

RESPIRATORY DISTRESS IN PULMONARY TB
Respiratory distress is a severe and life-threatening
complication of pulmonary tuberculosis (TB),
requiring prompt recognition and intervention. It is
characterized by significant impairment in gas
exchange and oxygenation, often indicative of
advanced or disseminated disease.

Management Approaches focus on stabilizing the
patient and addressing underlying causes.
Ventilatory support is a cornerstone of management,
ranging from supplemental oxygen to mechanical
ventilation in severe cases. For critically ill patients
with  refractory  hypoxemia, extracorporeal
membrane oxygenation (ECMO) may be considered
a life-saving intervention. Alongside respiratory
support, addressing complications such as pleural
effusion is crucial. Therapeutic thoracentesis or
chest tube placement can alleviate symptoms and
improve respiratory mechanics.

Early initiation of anti-TB therapy tailored to the
patient’s drug susceptibility profile is critical in
halting disease progression. Multidrug-resistant TB
(MDR-TB) cases require more complex regimens,
often involving longer durations of treatment with
second-line drugs. Supportive measures, including
nutritional supplementation and management of co-
morbidities, also play a vital role in improving
patient outcomes [5], [1].

Comprehensive care in a multidisciplinary setting
can significantly improve survival rates in patients
experiencing respiratory distress due to TB,
underscoring the need for timely diagnosis and
coordinated treatment strategies.
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RADIOLOGICAL ASSESSMENT

Radiological evaluation is a pivotal component in
diagnosing and managing pulmonary tuberculosis
(TB), particularly in cases complicated by
respiratory distress. Imaging findings not only
confirm disease presence but also provide insights
into its severity and complications.

Chest Radiographs in Patients with Respiratory
Distress reveal distinctive patterns indicative of
advanced disease. These often include extensive
bilateral consolidations, diffuse infiltrates, large
cavitary lesions, and the presence of air-fluid levels,
suggesting necrotizing processes or secondary
infections. Pleural effusions, frequently observed in
TB with respiratory failure, contribute to
compromised lung mechanics and require targeted
interventions like thoracentesis. The extent and
severity of these findings typically correlate with
disease progression and respiratory compromise,
emphasizing the importance of radiological
monitoring in critically ill patients [2], [4].

The Prognostic Value of Radiological Findings lies in
their ability to stratify patients based on disease
severity. Severe abnormalities, such as widespread
infiltrates or multiple cavities, are often associated
with higher mortality rates. However, radiological
assessments alone are insufficient predictors of
outcomes. Integrating imaging results with clinical
and biochemical data—such as hypoalbuminemia or
inflammatory =~ markers—enhances  prognostic
accuracy and guides therapeutic decisions.
Advanced imaging modalities like CT further refine
this stratification by identifying subtle or atypical
disease manifestations [7], [5].

By combining traditional radiographs with
comprehensive clinical evaluation, healthcare
providers can optimize the management and
improve outcomes for patients with severe
pulmonary TB.

CONCLUSION

Radiological features are invaluable in diagnosing
and assessing the severity and progression of
pulmonary tuberculosis (TB), particularly in patients
experiencing respiratory distress. Chest radiographs
and advanced imaging techniques provide critical
insights into the extent of pulmonary involvement,
including cavitation, infiltrates, fibrosis, and pleural
effusion. These findings often correlate with disease
severity and guide clinicians in making timely
therapeutic decisions.

However, the prognostic utility of radiological
features as standalone predictors of mortality
remains limited. While extensive abnormalities, such
as bilateral consolidations or cavitary lesions,
indicate severe disease, their predictive accuracy for
outcomes like mortality is influenced by various
systemic and individual factors. Comorbidities,
immune responses, nutritional status, and treatment
timing are all significant contributors to patient
prognosis and must be considered alongside imaging
findings.

To optimize outcomes in TB management,
integrating radiological assessments with broader
clinical evaluations, laboratory data, and biomarker
analyses is essential. This multi-dimensional
approach allows for a more comprehensive
understanding of the patient’s condition, enabling
personalized treatment strategies and better
resource allocation.

Future advancements in imaging technology, such as
the application of artificial intelligence (AI) in
radiological analysis, hold promise for enhancing
diagnostic and prognostic accuracy. Additionally, the
development of standardized imaging protocols and
severity scoring systems that combine radiological
and clinical data could further refine risk
stratification and improve patient care in diverse
healthcare settings.

In conclusion, while radiological features remain a
cornerstone in TB diagnosis and monitoring, their
full potential can only be realized when integrated
with a holistic assessment of the patient. This
approach will ensure more effective management
and improved outcomes for patients with pulmonary
TB, particularly those presenting with severe
complications such as respiratory distress.
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