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Introduction:-

Interstitial lung diseases (ILDs) are a group of diffuse parenchymal lung disorders associated with considerable
morbidity and mortality. These include a large number of conditions, with a wide range of underlying causes,
clinical manifestations, imaging and distinct pathological features with variable outcomes. Despite the intrinsic
heterogeneity of this group of diseases, in the majority of these diseases, the pulmonary alveolar walls are infiltrated
by various combinations of inflammatory cells, fibrosis and proliferation of certain cells that make up the normal
alveolar wall. Since these pathologic abnormalities predominate in the lung interstitium, the disorders are termed
interstitial lung diseases. ILDs are typically assigned to many disease categories for classification and management
purposes, roughly based on a known underlying disease like pulmonary fibrosis associated with rheumatoid arthritis,
and inciting agent ( pneumoconiosis), or the absence of a known cause ( Idiopathic pulmonary fibrosis)."? Present
write-up aims to review pulmonary fibrosis in various interstitial lung disease entities, pathophysiological features,
clinical manifestations, and diagnostic workup and possible treatment of these fibrotic lung diseases.

Epidemiology:-

The overall prevalence of ILD is estimated to be up to 76 cases per 100,000 people in Europe and 74.3 cases per
100,000 in the United States. Sarcoidosis, connective tissue disease (CTD)-associated ILDs, and IPF are the most
common fibrotic ILDs, with an estimated prevalence of 30.2, 12.1, and 8.2 cases per 100,000, respectively. Among
all patients with fibrotic ILDs other than IPF, 13 to 40% have a progressive fibrosing phenotype representing up to
20 patients per 100,000 people in Europe and up to 28 patients per 100,000 in the United States.® Pulmonary fibrosis
occurs throughout the world, with a geographic variation.* The prevalence of IPF, is estimated to be 8 to 60 cases
per 100,000 which are higher in North America and Europe than in the rest of the world®® Whereas the prevalence
of sarcoidosis is higher in northern Europe and among Black persons and is lower in Japan’. In a study done in
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India, Out of 92 patients with Diffuse parenchymal lung disease, Idiopathic pulmonary fibrosis(IPF) was the
commonest diagnosis(38.04%) followed by Connective tissue disease-associated interstitial lung disease(CTD-
ILD)(31.5%), hypersensitivity pneumonitis (10.9%), sarcoidosis (5.4%) and silicosis (5.4%).% According to Indian
prospective registry on ILD, out of 1,084 patients with ILD, hypersensitivity pneumonitis (HP) was the most
common diagnosis (47.3%) followed by Connective tissue disease-associated interstitial lung
disease(13.9%),idiopathic ~ pulmonary  fibrosis(13.7%), idiopathic  nonspecific interstitial pneumonia
(iNSIP)(8.5%),sarcoidosis(7.8%),pneumoconiosis(3%) and other ILD were 5.7% °. While In another study done in
Chandigarh, Sarcoidosis was the most common ILD (42.2%), followed by IPF (21.2%). CTD-ILDs, HP, and non-
IPF 11Ps were diagnosed in 12.7%, 10.7%, and 9.2% of subjects, respectively.'® In another study done in India there
has been a steady increase in both the absolute number and the relative percentage of attendance (4.36% in 2009 to
6.9% in 2019) of new registration of Diffuse parenchymal lung disease (DPLD) patients over the years.™

Pathophysiology:-

The development of fibrosis in fibrotic lung diseases is the result of the body’s response to pathogens and in normal
wound healing. *? Various disease-specific triggers set off an exaggerated cascade of inflammatory and fibrotic
responses leading to fibrotic tissue remodeling and extracellular matrix deposition leading to fibrosis formation™
Although the exact pathophysiological mechanism remains unclear, it is thought to be a combination of aberrant
wound healing and inflammatory response, especially in the later phases.™® Various genetic studies have identified
both common and rare variants which are associated with enhanced susceptibility to pulmonary fibrosis, with
remarkable similarities between familial IPF and other fibrotic ILD’s.**Polymorphism in the promoter of MUC5B,
which is involved in airway clearance and bacterial host defense, is associated with increased risks of IPF,
Rheumatoid arthritis-ILD(RA-ILD) and Chronic hypersensitivity pneumonitis (CHP) but not systemic sclerosis with
ILD(ssc-ild), sarcoidosis and antisynthetase syndrome’® Similarly, telomere shortening and telomere related gene
mutations (TERT, TERC, RTEL1, and PARN) are found in IPF, RA-ILD and CHP.*** some rare genetic mutations
are associated with progressive diseases. Different ILDs have overlapping initial pathways.? IPF results due to an
insult to alveolar epithelial cell integrity which results through the interaction between epithelial cells and
myofibroblasts.'®Sarcoidosis results in response to an unknown trigger which progresses to fibrosis in only a small
percentage of patients.'” Fibrosis in SSc-ILD is the result of the combination of inflammation, endothelial
dysfunction and vasculopathy.™

Interstitial Lung Diseases With Pulmonary Fibrosis:-

ILDs with pulmonary fibrosis can be divided into 5 broad clinical categories:

1. ILDs related to distinct primary diseases like sarcoidosis, Langerhans-cell granulomatosis, eosinophilic
pneumonia, lymphangioleiomyomatosis, pulmonary alveolar proteinosis,

2. ILDs related to environmental exposures, including pneumoconiosis due to inhalation of inorganic substances

and hypersensitivity pneumonitis mostly related to inhalation of organic particles like domestic or occupational

exposure to mold or birds or other exposures

ILDs induced by drugs and irradiation

4. ILDs associated with connective tissue diseases including rheumatoid arthritis associated—Interstitial lung
disease(RA-ILD), systemic sclerosis-ILD (SSc-ILD), idiopathic inflammatory myopathy, primary Sjogren’s
disease

5. Idiopathic interstitial pneumonias which include Idiopathic pulmonary fibrosis (IPF), idiopathic non-specific
interstitial pneumonia(i-NSIP), and other less common entities like cryptogenic organizing pneumonia (COP),
acute interstitial pneumonia (AIP).%

w

A division can be made between pulmonary fibrosis in the context of underlying systemic diseases, such as
connective tissue diseases (CTD) and sarcoidosis, and conditions that are restricted to the lung such as chronic
hypersensitivity pneumonitis (CHP), drug-induced pulmonary fibrosis, idiopathic nonspecific interstitial pneumonia,
and IPF. *8'° There is also overlap between groups (drug-induced pulmonary fibrosis in CTD and a genetic
predisposition in various ILDs). Owing to the epidemiology and burden of fibrosis within each diagnostic category,
clinicians most often see patients with CTD-ILD, IPF, CHP, sarcoidosis, or unclassifiable fibrotic ILD

Post-Covid Fibrosis:-

Currently, there is a precise interest in the potential development of fibrosis after coronavirus disease 2019 (Covid-
19). Although infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes a range of
pulmonary symptoms. Male sex, older age, obesity, and coexisting conditions appear to be risk factors for the
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development of Severe acute respiratory syndrome.?’ Pulmonary fibrosis is a known complication of acute
respiratory distress syndrome (ARDS), and there are similarities in the fibroproliferative response and risk factors
between lung fibrosis in the context of ARDS and lung fibrosis in the context of other diseases.”> Nevertheless,
analysis of long-term follow-up data after ARDS or infection with another strain of SARS-CoV in 2003%? showed
fibrotic changes that remained mostly stable over time and had little clinical relevance.?” The long-term effect and
the disease course of pulmonary fibrosis caused by Covid-19 are presently under investigation in many studies.

Diagnostic Approach Clinical Evaluation:-

Main presenting symptoms include cough, progressive exertional dyspnea, and exercise limitation, other than
disease specific symptoms. The diagnosis is often delayed by several months. A thorough history including
environmental exposure, medication use, and extra-pulmonary signs should be assessed.® On chest auscultation,
fine crepts (end- inspiratory) also called Velcro crepitations are indicative of fibrosis,**squeaks may be heard in
patients with hypersensitivity pneumonitis. In connective tissue disorders, pulmonary fibrosis may develop either
after the underlying condition is diagnosed or before the extra-pulmonary manifestations are observed.”Hands,
joints and skin should be thoroughly examined.*® Serologic testing is recommended including antinuclear antibodies
and anti-citrullinated peptide antibodies.? If there is a clinical suspicion of an autoimmune condition, consultation
with a rheumatologist and more extensive serologic testing are recommended.

High Resolution Computed Tomography (Hrct) Of Thorax Technique:-

The diagnostic approach is highly reliant on images of the lungs generated from volumetric scanning of the chest.
This mode has essentially replaced sequential CT scanning, as it improves the detection of all abnormalities even if
subtle or focal. It also ensures precise analysis of lesion characteristics and distribution based on both cross-sectional
images and multiplanar reformations. Good quality non-contrast high resolution computed tomography of chest
(HRCT) done with specifications shows reticulation, architectural distortion, and lung volume loss often establishes
the diagnosis of pulmonary fibrosis and may identify patterns suggestive of specific causes.®** The thinnest
collimation, shortest rotation time, and highest pitch ensure the creation of motion-free images. The kilovoltage and
milliamperage selection should follow current recommendations for reduced-dose CT? . If films are taken; they
should be 12 on 1 format (3*4). The first acquisition is obtained in supine position at sustained end-inspiration
(supine inspiratory), the second is obtained in supine position over the entire thorax at sustained end-expiration
(supine expiratory), after a prolonged expiration *"*! and the third acquisition is aimed at clearing position-induced
changes in the dependent lung of the first acquisition ** ( prone). Technical requirements of HRCT thorax are
tabulated in table 1.

Table 1:- Recommended HRCT Thorax Scanning Protocol.

1. Non-contrast examination
2. Volumetric acquisition with the selection of:

Sub-millimetric collimation
Shortest rotation time
Highest pitch
Tube potential and tube current appropriate to patient size

oTypically 120 kVp and <240 mAs
o Lower tube potentials (e.g., 100 kVp) with adjustment of tube current encouraged for thin
patients

e Use of techniques available to avoid unnecessary radiation exposure
3. Reconstruction of thin-section CT images (<1.5mm):

e  Contiguous or overlapping

e Using a high-spatial-frequency algorithm

e lterative reconstruction algorithm if validated on the CT unit (if not, filtered back projection)

4. Number of acquisitions:
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e Supine: inspiratory (volumetric) obtained at full inspiration
e  Supine: expiratory obtained at full expiration
e  Prone: only inspiratory scans
5. Recommended radiation dose for the inspiratory volumetric acquisition:
e 1-3mSv (ie., “reduced” dose)
o Strong recommendation to avoid “ultralow-dose CT” (<1 mSv)

Hrct Thorax Pattern In Uip:-
4 diagnostic categories incorporate the HRCT features which include UIP pattern, probable UIP pattern,
indeterminate for UIP pattern, and alternative diagnosis

Uip Pattern:-

UIP is the hallmark radiologic pattern of IPF. Honeycombing is a distinguishing feature of UIP and must be present
for a definite HRCT diagnosis of UIP to be made and can be seen with or without peripheral traction bronchiectasis
or bronchiolectasis. The typical distribution of UIP is sub-pleural with basal predominance, although some upper
lobe involvement is common ***. Mediastinal lymphadenopathy may be present in patients with UIP *. Ground
glass opacification (GGO) may be present, but it is not a dominant feature and is usually accompanied by a
superimposed reticular pattern.

Probable Uip Pattern:-

Sub-pleural, basal-predominant reticular abnormalities with peripheral traction bronchiectasis or bronchiolectasis in
the absence of honeycombing should be considered as probable UIP. As with a UIP pattern, GGO may be present in
probable UIP, but it is not a dominant feature.

Indeterminate For Uip Pattern :-

It should be considered when HRCT demonstrates features of fibrosis but does not meet UIP or probable UIP
criteria and does not suggest an alternative diagnosis. This category includes a subset of patients with very limited
sub-pleural GGOs or reticulation without evident CT features of fibrosis, for whom there is a suspicion that early
UIP or probable UIP is present. In such cases, it should be confirmed with prone inspiratory views that the sub-
pleural opacities do not represent dependent atelectasis.

Alternative Diagnosis Pattern :-

In some cases of fibrotic lung disease, there is clinical suspicion of IPF, but the HRCT pattern suggests an
alternative diagnosis like bronchocentric fibrosis in the upper lobes or profuse mosaic attenuation that suggest
Hypersensitive pneumonitis, posterior fibrotic retraction of the hila in sarcoidosis or extensive Ground glass
opacities with subpleural sparing in fibrotic non-specific interstitial pneumonia (NSIP)

Patients with an acute exacerbation of IPF have bilateral GGO with or without consolidation on a background of
lung fibrosis. In the absence of a previous HRCT study, bilateral GGO and/or consolidation on a background of a
UIP pattern is highly suggestive of an acute exacerbation and can be used to confirm an underlying IPF diagnosis in
the appropriate clinical context. These features are tabulated in table 2.

Table Number 2:- Hrct Thorax Patterns.

UIP Probable UIP Indeterminate for | Alternative Diagnosis
UIP
e  Sub-pleural and | e Sub-pleural and |¢ Sub-pleural and | Findings  suggestive of  another
basal predominant basal predominant basal predominant | diagnosis include:
and distribution are and distribution is e CT features of:
often often e  Subtle o Cysts
heterogeneous heterogeneous reticulation and | o Marked mosaic attenuation
may have mild | o Predominant GGO
e Honeycombing e Reticular pattern GGO or | o Profuse micronodules o Centrilobular
with or without with  peripheral distortion (early | nodules
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peripheral traction traction UIP pattern) o Nodules
bronchiectasis  or bronchiectasis or o Consolidation
bronchiolectasis bronchiolectasis o CT features

and/or e Predominant distribution:

e May have mild distribution  of | o Peribronchovascular
GGO lung fibrosis that | o Perilymphatic
does not suggest | o Upper or mid-lung
any specific

etiology  (truly le Other findings:

indeterminate for | o Pleural plaques (consider asbestosis)
UIP) o Dilated esophagus (consider CTD)

o Distal clavicular erosions (consider
Rheumatoid arthritis)

o Extensive lymph node enlargement
(consider other etiologies)

o Pleural effusions, pleural thickening
(consider CTD/drugs)

HRCT thorax establishes the diagnosis of pulmonary fibrosis by revealing reticulations, architectural distortion and
lung volume loss and may identify patterns suggestive of a specific cause. The UIP pattern consists of
honeycombing and reticulation in the absence of features suggesting an alternative diagnosis with basal and sub-
pleural predominance which is often heterogenous and is the hallmark of pulmonary fibrosis, observed frequently in
IPF, RA- ILD, and in advanced disease irrespective of the underlying condition.'®* In contrast, the most common
HRCT pattern in SSc-ILD is that of Nonspecific interstitial pattern (NSIP) which consists of mixed reticulation and
Ground glass opacities to a varying extent, often with traction bronchiectasis, central axial distribution and sparing
of the sub-pleural area. Expiratory image may be useful in chronic hypersensitivity pneumonitis.

Pulmonary Function Test:-

Pulmonary-function testing measures the level of disease impairment and is used for monitoring the course of
disease and response to therapy. In patients with pulmonary fibrosis, it typically shows a restrictive lung-function
pattern (decreased forced vital capacity [FVC], normal or increased ratio of forced expiratory volume in 1 second to
FVC, decreased total lung capacity, and low residual volume), together with a decreased diffusing capacity of the
lung for carbon monoxide. Normal lung function does not rule out the presence of pulmonary fibrosis.

Other Investigations:

If the combination of clinical findings and imaging is not diagnostic, more invasive procedures may be required.
Bronchoalveolar lavage contributes to the diagnosis of hypersensitivity pneumonitis and sarcoidosis. Bronchial
mucosa and lymph-node biopsies are performed when sarcoidosis is suspected. All collected information is
synthesized by multidisciplinary ILD boards experienced in ILD, which may either establish a diagnosis or discuss
the indication for further diagnostic procedures such as thoracoscopic lung biopsy or transbronchial cryobiopsy. The
course of the disease in a given patient is to be considered in guiding diagnosis and management and it may reduce
the need for invasive diagnostic procedures. Diagnosis can be made with sufficient confidence in the majority of
cases®’. A subgroup of ILD cases remains unclassifiable even after thorough assessment.*®

Progressive Pulmonary Fibrosis:-

The natural course of untreated IPF is characterized by progression to respiratory failure in virtually every patient
with a secure diagnosis.*®In contrast, more than half of all patients with a diagnosis of pulmonary fibrosis other than
IPF have stable, chronic disease or improvement with immunomodulatory therapy.® Despite appropriate treatment,
a proportion of patients will have progressive pulmonary fibrosis associated with worsening respiratory symptoms, a
decline in lung function, decreased quality of life, and risk of early death independent of the classification of the
ILD.*“° Outcomes may be similar to those of IPF, especially in patients with a UIP pattern, such as those with RA—
ILD and some patients with CHP. The risk of progressive disease and the prognosis depend on the underlying entity.
However, the longitudinal disease course varies and needs to be identified individually, since it has implications for
management decisions and occasionally may lead to a reconsideration of the diagnosis. “**No serum biomarker has
been validated for monitoring disease progression or assessing the respective components of inflammation and
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fibrosis. Scores especially those based on sex, age, FVC and diffusing capacity of the lung for carbon monoxide
have been developed to assess the prognosis.*!

There is no standard definition of disease progression in patients with pulmonary fibrosis. Patients are required to
meet at least one of the following criteria for disease progression within 24 months, a relative decline in the FVC of
10% or more of the predicted value, a composite of a relative decline in the FVC of 5 to 10% of the predicted value
and worsening symptoms or an increase in disease extent on chest CT, or worsening symptoms and an increase in
disease extent on chest CT. In clinical practice, no threshold or rate of decline has been formally accepted, however,
assessment of the progression of fibrosis is usually based on serial lung-function tests performed at 3-to-6- month
intervals. Since small variations in FVC may be confounded by measurement errors, multimodal assessment of
disease progression also includes worsening of symptoms and exercise capacity, increased fibrosis on chest CT,
decreased diffusing capacity of the lung for carbon monoxide, need for oxygen supplementation, and clinical events
predicting early death like acute exacerbation of fibrosis and hospitalization.

Management Of Pulmonary Fibrosis And Future Outlook:-

Nonpharmacological treatment:

For most patients, a diagnosis of pulmonary fibrosis is a life-threatening verdict. The uncertainty about prognosis in
combination with an increasing symptom burden has a major effect on the quality of life of patients and their family
members. Treatment can be aimed at ameliorating the disease or slowing down disease progression while improving
or maintaining the quality of life,*? educating patients, sharing decisions, preventing exposures and events that may
lead to disease progression, avoidance of the offending antigen in patients with chronic hypersensitivity pneumonitis
and cessation of tobacco smoking. Pneumococcal and influenza vaccinations are recommended. Supplemental
oxygen is indicated in patients with resting hypoxemia (partial pressure of arterial oxygen [Pao2 ] of< 55mmhg,
oxygen saturation as measured by pulse oxymetry of <89%, or Pao2 of <60mmHg and or cor pulmonale or
polycythemia)*®. Pulmonary rehabilitation and use of ambulatory oxygen in patients with isolated exertional
hypoxemia*®improve the quality of life, reduce breathlessness and increase walking ability.** Identification and
accurate treatment of coexisting conditions are essential. Lung transplantation is an option in selected patients,
although extrapulmonary disease or severe coexisting conditions may disqualify some patients, especially those with
CTDs from consideration as candidates for transplantation.*® Many patients may need palliative care.*®

Pharmacological Treatment:-

Decisions about pharmacologic treatment are guided by the underlying diagnosis and by the disease course. For
patients with IPF, treatment with antifibrotic drugs like pirfenidone or nintedanib is recommended.*’In most cases of
fibrosing ILD other than IPF, immunomodulation with the use of glucocorticoids, immunosuppressive therapy or
both is indicated and is generally used as first-line therapy if there is a suspicion of inflammation-driven disease
340%8Eycept for SSc— ILD and sarcoidosis, however, the evidence in support of this approach is very weak.*®In
patients with a UIP pattern, there is a theoretical concern that immunosuppression may not be beneficial or might
even be harmful, as was previously shown in IPF.“*Nintedanib has been approved by the Food and Drug
Administration (FDA) and the European Medicines Agency (EMA) for patients with SSc—ILD and for patients with
chronic fibrosing ILDs with a progressive phenotype. It is not associated with an improvement in function but
reduces the decline in FVC by about half.*°Pirfenidone reduces disease progression in patients with progressive
unclassifiable fibrotic 1LD.**In considering pharmacologic treatment, the benefit of long-term preservation of lung
function should be balanced against the risk of side effects. Many questions remain about the appropriate timing and
sequence of these treatments.

Monitoring disease progression has become a priority in guiding treatment decisions. Different biomarkers and
novel techniques such as molecular classifiers ** will provide more insights into assessing and monitoring fibrosis-
driven as compared with inflammation-driven disease activity resulting in more individualized targeted treatments.
A "one size fits all" approach does not apply to the broad spectrum of fibrosing diseases. Current research efforts
may lead to earlier diagnosis and interventions to prevent, halt, and potentially reverse the development of lung
fibrosis.
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