
NEET SS 2024 Diploma Tuberculosis and Chest Disease Paper3
Question Paper with Solutions

Time Allowed :3 Hours Maximum Marks :100 Total Questions :10

General Instructions

Read the following instructions very carefully and strictly follow them:

1. The test is of 3 hours duration.

2. The question paper consists of 10 questions. The maximum marks are 100.

3. Each Question is of 10 marks.

1. a) Aerosol delivery during mechanical ventilation.

Solution:

Step 1: Understanding Aerosol Delivery.
Aerosol delivery during mechanical ventilation is the process of administering medications, such
as bronchodilators or corticosteroids, directly to the lungs via aerosolized particles. This is
essential in ventilated patients to ensure that the therapeutic drugs reach the lungs effectively.
Aerosols can be delivered using nebulizers or metered-dose inhalers, and their efficiency is
affected by factors like ventilator settings and patient factors.
Step 2: Importance in Mechanical Ventilation.
In mechanically ventilated patients, it is crucial to optimize aerosol delivery as the normal route
of drug administration might not be effective. Nebulization techniques and proper coordination
with ventilator settings (e.g., inspiratory time) improve the deposition of drugs into the lungs,
enhancing therapeutic outcomes while minimizing systemic side effects.

Quick Tip

Ensure that nebulizers are properly positioned in the ventilator circuit for effective aerosol
delivery, and monitor for any airway resistance or complications.

1. b) Lung Protective Ventilatory Strategy.

Solution:

Step 1: Understanding Lung Protective Ventilatory Strategy.
Lung protective ventilatory strategies are crucial in patients who require mechanical ventilation,
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especially those with acute respiratory distress syndrome (ARDS). The primary goal is to
minimize ventilator-induced lung injury (VILI) by using low tidal volumes (usually 6 mL/kg
of ideal body weight), maintaining appropriate positive end-expiratory pressure (PEEP), and
avoiding high plateau pressures. This strategy helps prevent barotrauma and volutrauma,
reducing the risk of further lung damage.
Step 2: Key Components.
1. Low Tidal Volume: The use of lower tidal volumes to prevent overdistension of the lungs,
which can lead to further injury. 2. Optimal PEEP: Appropriate PEEP helps maintain alveolar
recruitment and prevents atelectasis. 3. Limiting Plateau Pressure: Keeping plateau pressures
below 30 cm H2O to prevent barotrauma.
Step 3: Conclusion.
The lung protective ventilatory strategy is essential for improving outcomes in patients requiring
mechanical ventilation, especially in those with ARDS. It is a cornerstone of modern ventilatory
management to prevent further lung injury.

Quick Tip

In patients with ARDS, a lung-protective ventilatory strategy should always be considered
to reduce the risk of further lung damage and improve survival rates.

2. a) Ultrasonographic evaluation of acute dyspnoea.

Solution:

Step 1: Understanding Acute Dyspnoea.
Acute dyspnoea refers to sudden difficulty in breathing, often caused by conditions such as heart
failure, pulmonary embolism, or chronic obstructive pulmonary disease (COPD). It is important
to identify the underlying cause for proper management. Ultrasonography is increasingly being
used in the evaluation of acute dyspnoea due to its non-invasive nature and the ability to
quickly provide real-time information.
Step 2: Role of Ultrasonography in Acute Dyspnoea.
Ultrasound can be used to assess the following in patients with acute dyspnoea: 1. B-lines
in the lungs: These are indicative of pulmonary oedema, commonly seen in heart failure.
2. Pleural effusion: Ultrasound can detect the presence of fluid around the lungs, which can
impair breathing. 3. Diaphragmatic motion: Reduced movement of the diaphragm can indicate
respiratory muscle weakness or other issues like phrenic nerve injury.
Step 3: Advantages of Ultrasound.
- Non-invasive and quick: Ultrasound can provide immediate results, making it an ideal tool
for emergency settings. - Bedside evaluation: It allows real-time, bedside assessment, which is
crucial for critically ill patients. - Safe and cost-effective: Compared to CT scans and X-rays,
ultrasound is a safer and less expensive option.
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Quick Tip

In acute dyspnoea, ultrasound can be used as a first-line tool to quickly assess lung and
pleural abnormalities, providing critical information for immediate management.

2. b) Bronchial thermoplasty.

Solution:

Step 1: Understanding Bronchial Thermoplasty.
Bronchial thermoplasty is a procedure used to treat severe asthma, particularly in patients
who do not respond to standard medications. It involves the application of controlled thermal
energy to the airways to reduce the smooth muscle mass, which is responsible for airway con-
striction during asthma attacks. By reducing smooth muscle, the procedure aims to prevent
bronchospasm and improve lung function.
Step 2: How Bronchial Thermoplasty Works.
The procedure is performed in three sessions, each targeting different sections of the lungs.
During each session, a catheter is inserted into the bronchi via a flexible bronchoscope. The
catheter then delivers controlled heat to the airway walls, causing the smooth muscle to shrink
and the airways to become more dilated, thereby improving airflow.
Step 3: Benefits and Risks.
- Benefits: - Reduces the frequency of asthma attacks. - Improves quality of life for patients with
severe asthma. - Decreases the need for emergency interventions like hospital visits. - Risks:
- Bronchial thermoplasty may cause temporary worsening of asthma symptoms following each
session. - It is not suitable for all asthma patients, especially those with other lung diseases or
conditions like emphysema.
Step 4: Conclusion.
Bronchial thermoplasty is an innovative treatment option for patients with severe asthma who
have not responded well to standard medications. It provides long-term benefits by reducing
asthma symptoms and preventing exacerbations.

Quick Tip

Bronchial thermoplasty is a valuable treatment option for severe asthma, but it should
be carefully considered in consultation with a specialist, as not all patients are suitable
candidates.

3. a) Anion gap.

Solution:
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Step 1: Understanding Anion Gap.
The anion gap (AG) is a calculated value that helps in assessing the cause of metabolic acidosis.
It represents the difference between the measured cations (positively charged ions) and anions
(negatively charged ions) in the blood. The formula for calculating the anion gap is:

Anion Gap (AG) = [Na+]− (Cl− +HCO−
3 )

Where: - Na+ is the concentration of sodium ions, - Cl− is the concentration of chloride ions,
and - HCO−

3 is the concentration of bicarbonate ions.
Step 2: Normal Range of Anion Gap.
The normal range of the anion gap is typically between 8 and 12 mEq/L. If the anion gap is
elevated, it suggests the presence of unmeasured anions, which could indicate conditions like
diabetic ketoacidosis, lactic acidosis, or renal failure. A decreased anion gap is less common
and may be seen in hypoalbuminemia or the presence of abnormal cations like lithium.
Step 3: Clinical Significance.
The anion gap helps clinicians in identifying the cause of metabolic acidosis. For example:
- High anion gap metabolic acidosis (e.g., diabetic ketoacidosis, lactic acidosis) indicates the
accumulation of non-volatile acids. - Normal anion gap metabolic acidosis (e.g., diarrhea) is
typically caused by a loss of bicarbonate.

Quick Tip

The anion gap is an important diagnostic tool for differentiating between various causes
of metabolic acidosis, helping guide appropriate treatment.

3. b) Management of hypokalemia.

Solution:

Step 1: Understanding Hypokalemia.
Hypokalemia refers to a lower-than-normal concentration of potassium in the blood, typically
defined as a potassium level less than 3.5 mEq/L. Potassium is essential for normal cell function,
and low levels can affect muscle and nerve function, causing symptoms such as muscle weakness,
fatigue, arrhythmias, and in severe cases, respiratory failure.
Step 2: Causes of Hypokalemia.
Hypokalemia can result from various causes, including: - Increased renal loss: due to conditions
like diuretic use, hyperaldosteronism, or renal tubular acidosis. - Increased gastrointestinal loss:
such as from vomiting, diarrhea, or laxative abuse. - Intracellular shift: as seen in conditions
like alkalosis, insulin therapy, or beta-agonist use.
Step 3: Management of Hypokalemia.
1. Identify and treat the underlying cause: If the cause is medication (e.g., diuretics), discon-
tinuing or adjusting the dose may be necessary. If the cause is gastrointestinal loss, addressing
the underlying condition (e.g., treating vomiting or diarrhea) is crucial.
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2. Potassium replacement: Potassium can be replaced orally or intravenously, depending on
the severity of hypokalemia: - Mild hypokalemia (K+ 3.0-3.5 mEq/L): Oral potassium supple-
ments are usually sufficient. - Severe hypokalemia (K+ ¡ 3.0 mEq/L): Intravenous potassium
is required. It should be given slowly to avoid complications such as arrhythmias, and the
infusion rate should not exceed 10-20 mEq/hr.
3. Monitor potassium levels: Potassium levels should be monitored closely during treatment,
especially when giving intravenous potassium, to ensure proper correction without causing
hyperkalemia.
Step 4: Conclusion.
The management of hypokalemia involves correcting the potassium deficiency and addressing
the underlying cause. In severe cases, intravenous potassium should be administered under
careful monitoring to avoid complications.

Quick Tip

When treating hypokalemia, always ensure gradual potassium replacement, and monitor
ECG for any signs of arrhythmias, especially during intravenous therapy.

4. a) Modes of noninvasive ventilation.

Solution:

Step 1: Understanding Noninvasive Ventilation (NIV).
Noninvasive ventilation (NIV) refers to the delivery of mechanical ventilation without the need
for an invasive artificial airway (i.e., endotracheal tube or tracheostomy). NIV is primarily used
for patients with respiratory failure who are not able to maintain adequate gas exchange but
can still protect their airway and maintain spontaneous breathing. The key goal is to avoid
intubation.
Step 2: Types of Noninvasive Ventilation Modes.
NIV can be delivered using various modes based on the patient’s condition and the specific
ventilatory support required: 1. Continuous Positive Airway Pressure (CPAP): This mode pro-
vides continuous positive pressure throughout the entire respiratory cycle. It is most commonly
used in obstructive sleep apnea (OSA) and congestive heart failure to prevent airway collapse
and improve oxygenation.
2. Bi-level Positive Airway Pressure (BiPAP): BiPAP delivers two levels of pressure: a higher
inspiratory positive airway pressure (IPAP) during inhalation and a lower expiratory positive
airway pressure (EPAP) during exhalation. This mode is particularly useful for patients with
COPD exacerbations or acute pulmonary edema.
3. Pressure Support Ventilation (PSV): PSV is a mode where the patient initiates each breath,
and the ventilator provides a preset level of pressure to assist with inhalation. This mode is
commonly used for weaning patients off mechanical ventilation.
4. Assist-Control (A/C) Mode: In this mode, the ventilator provides a set volume or pressure
for each breath, but the patient can also initiate breaths. If the patient fails to initiate a breath
within a certain time, the ventilator will provide one.
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5. Proportional Assist Ventilation (PAV): This mode adjusts the level of support based on the
patient’s effort, making it more synchronized with spontaneous breathing patterns. It is useful
for patients with variable respiratory efforts.
Step 3: Conclusion.
The choice of NIV mode depends on the patient’s condition, the severity of respiratory failure,
and their ability to initiate breathing. CPAP and BiPAP are the most commonly used in
clinical practice.

Quick Tip

NIV is a valuable tool for managing respiratory failure in patients without the need for
intubation, but choosing the appropriate mode is crucial for effective treatment.

4. b) Tabulate differences in ventilator settings for COPD vs ILD.

Solution:

Step 1: Understanding COPD and ILD.
Chronic Obstructive Pulmonary Disease (COPD) and Interstitial Lung Disease (ILD) are two
distinct types of lung diseases, each with its own pathophysiology and management. COPD is
characterized by airflow limitation and hyperinflation, while ILD involves scarring and fibrosis
of the lung tissue.
Step 2: Ventilator Settings for COPD.
Patients with COPD typically have obstructive lung disease, meaning their airways are nar-
rowed, making exhalation difficult. The main goals in ventilation are to: - Minimize air trap-
ping: COPD patients may be more prone to auto-PEEP (positive end-expiratory pressure)
and air trapping. - Ventilator settings for COPD: - Mode: BiPAP or Assist-Control. - Tidal
Volume: 6-8 mL/kg of ideal body weight to avoid overdistension. - Respiratory Rate: Lower
(12-16 breaths per minute) to avoid hyperinflation. - PEEP: Use lower levels (3-5 cm H2O) to
avoid overdistension and auto-PEEP. - Inspiratory Time (I-time): Longer to ensure complete
exhalation (1:3 or 1:4 I:E ratio).
Step 3: Ventilator Settings for ILD.
Patients with ILD often present with restrictive lung disease, leading to reduced lung compliance
and difficulty expanding the lungs. The focus in ventilation is on preventing overdistension and
maintaining oxygenation. - Ventilator settings for ILD: - Mode: BiPAP or Assist-Control.
- Tidal Volume: 6 mL/kg of ideal body weight to prevent volutrauma. - Respiratory Rate:
Higher (18-20 breaths per minute) to improve ventilation. - PEEP: Moderate levels (5-8 cm
H2O) to maintain alveolar recruitment. - Inspiratory Time (I-time): Shorter to reduce the risk
of barotrauma (1:1.5 or 1:2 I:E ratio).
Step 4: Table of Differences in Ventilator Settings.

Step 5: Conclusion.
Ventilator settings for COPD and ILD differ primarily in the management of air trapping and
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Ventilator Setting COPD ILD
Mode BiPAP or Assist-Control BiPAP or Assist-Control

Tidal Volume 6-8 mL/kg (Ideal Body Weight) 6 mL/kg (Ideal Body Weight)
Respiratory Rate 12-16 breaths/min 18-20 breaths/min

PEEP 3-5 cm H2O 5-8 cm H2O
Inspiratory Time 1:3 or 1:4 I:E ratio 1:1.5 or 1:2 I:E ratio

Table 1: Differences in Ventilator Settings for COPD vs ILD

lung compliance. COPD patients require lower levels of PEEP and longer exhalation times,
while ILD patients require higher levels of PEEP and shorter inspiratory times.

Quick Tip

Adjust ventilator settings based on the underlying lung pathology to optimize patient
outcomes, especially when managing restrictive vs obstructive lung diseases.

5. a) Indications for admission in respiratory intensive care unit in a patient of
acute exacerbation of COPD.

Solution:

Step 1: Understanding Acute Exacerbation of COPD.
Acute exacerbation of Chronic Obstructive Pulmonary Disease (COPD) refers to a sudden
worsening of symptoms such as increased shortness of breath, cough, and sputum production. It
is often triggered by infections, environmental pollutants, or other comorbidities. Exacerbations
of COPD can lead to respiratory failure and require immediate medical intervention.
Step 2: Indications for ICU Admission.
Patients with acute exacerbations of COPD may require admission to a Respiratory Intensive
Care Unit (RICU) if they exhibit one or more of the following criteria: 1. Respiratory Failure:
The patient demonstrates signs of respiratory failure, either hypercapnic (increased CO2 lev-
els) or hypoxemic (decreased O2 levels), despite initial treatment with noninvasive ventilation
(NIV). 2. Severe Dyspnoea: Severe difficulty in breathing that cannot be managed with sup-
plemental oxygen or medications. 3. Frequent Hospitalizations: Patients who have frequent
exacerbations or recurrent hospital admissions for COPD may require intensive monitoring and
care. 4. Cardiovascular Complications: The presence of cardiovascular complications such as
arrhythmias, acute cor pulmonale, or heart failure exacerbations. 5. Inability to Handle Spu-
tum: If the patient is unable to clear secretions effectively, leading to the risk of aspiration or
obstruction. 6. Poor Response to Initial Treatment: Failure to improve with initial therapy,
including nebulized bronchodilators, corticosteroids, and antibiotics.
Step 3: Conclusion.
The decision to admit a patient with acute COPD exacerbation to an ICU or RICU depends on
the severity of symptoms, failure to respond to initial therapy, and the presence of complications
like respiratory failure or cardiovascular instability.
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Quick Tip

Early recognition of severe exacerbations and timely intervention in the ICU can signifi-
cantly reduce mortality in COPD patients.

5. b) Biomarkers for bronchial asthma.

Solution:

Step 1: Understanding Bronchial Asthma.
Bronchial asthma is a chronic inflammatory disease of the airways characterized by variable
airflow obstruction, bronchospasm, and airway hyperresponsiveness. Inflammation is primarily
driven by immune cells such as eosinophils, mast cells, and T-helper cells, and it is associated
with an increased production of various biomarkers.
Step 2: Biomarkers for Bronchial Asthma.
Biomarkers are measurable substances in the body that indicate the presence or severity of a
disease. For asthma, several biomarkers are used to monitor inflammation, identify triggers, and
guide treatment: 1. Exhaled Nitric Oxide (FeNO): Elevated levels of FeNO indicate eosinophilic
airway inflammation and are used to assess the degree of inflammation and responsiveness to
corticosteroids. 2. Serum Eosinophil Count: Eosinophils are involved in the inflammation
process in asthma. An elevated eosinophil count in the blood correlates with asthma severity
and may predict a good response to corticosteroids. 3. Immunoglobulin E (IgE): Elevated total
IgE levels are often seen in allergic asthma. Specific IgE antibodies to allergens (e.g., pollen,
dust mites) are also important in identifying allergen sensitization. 4. Sputum Eosinophils:
Analysis of sputum for eosinophils can provide direct evidence of eosinophilic inflammation in
the airways and help monitor disease activity. 5. Cytokines (e.g., IL-5, IL-4): Interleukins
like IL-5 and IL-4 play a key role in the activation and survival of eosinophils and the overall
allergic inflammatory process. 6. Periostin: Periostin is a protein that is associated with airway
remodeling and eosinophilic inflammation. It can serve as a biomarker for assessing asthma
severity and the presence of airway remodeling.
Step 3: Conclusion.
Biomarkers in bronchial asthma are crucial for assessing disease severity, monitoring treat-
ment response, and identifying specific inflammatory pathways. They also offer potential for
personalized asthma management.

Quick Tip

Monitoring biomarkers like FeNO and serum eosinophils can help tailor asthma treat-
ment, especially for patients with eosinophilic inflammation.

6. a) Rapid molecular diagnostic tests for drug resistance in tuberculosis.
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Solution:

Step 1: Understanding Drug Resistance in Tuberculosis.
Drug-resistant tuberculosis (TB) occurs when the bacteria responsible for TB, *Mycobacterium
tuberculosis*, develop resistance to one or more of the primary drugs used for treatment, such as
isoniazid and rifampicin. The emergence of drug-resistant TB is a major public health concern,
especially in settings with limited resources. Early diagnosis of drug resistance is critical for
effective treatment and to prevent further spread of resistant strains.
Step 2: Rapid Molecular Diagnostic Tests.
Several rapid molecular diagnostic tests have been developed to detect drug resistance in TB.
These tests detect genetic mutations in *Mycobacterium tuberculosis* that confer resistance to
specific drugs. Some of the key tests include: 1. Xpert MTB/RIF: This test detects both the
presence of *M. tuberculosis* and resistance to rifampicin, a key drug used in the treatment of
TB. It provides results in about 2 hours and has a high sensitivity and specificity. 2. Line Probe
Assays (LPA): This test uses DNA amplification and hybridization to detect resistance to drugs
such as isoniazid, rifampicin, and other second-line drugs. It can provide results within 24-48
hours. 3. GeneXpert Ultra: A more advanced version of Xpert MTB/RIF, this test improves
the detection sensitivity, especially in patients with lower bacterial loads, including those with
extra-pulmonary TB or HIV co-infection. 4. Next-Generation Sequencing (NGS): NGS is used
in reference laboratories for more detailed genomic analysis to identify mutations associated
with drug resistance to first-line and second-line TB drugs. It is highly accurate but is not
widely available due to high costs.
Step 3: Conclusion.
Rapid molecular diagnostic tests are essential in the management of drug-resistant TB, allowing
for quicker diagnosis and more appropriate treatment regimens. These tests improve patient
outcomes by enabling targeted therapy and reducing the risk of resistance transmission.

Quick Tip

Xpert MTB/RIF and Line Probe Assays are among the most widely used rapid molecular
tests for diagnosing drug-resistant TB in resource-limited settings.

6. b) Modalities to sample peripheral lung lesions.

Solution:

Step 1: Understanding Peripheral Lung Lesions.
Peripheral lung lesions are abnormalities in the outermost regions of the lungs. These lesions can
be caused by a variety of conditions, including infections (e.g., tuberculosis), malignancies (e.g.,
lung cancer), and inflammatory diseases (e.g., sarcoidosis). Accurate diagnosis of peripheral
lung lesions is important for determining appropriate treatment.
Step 2: Modalities for Sampling Peripheral Lung Lesions.
There are several methods used to obtain tissue samples from peripheral lung lesions, including:
1. Transbronchial Needle Aspiration (TBNA): This procedure uses a bronchoscope and a needle
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to obtain tissue from peripheral lesions. It is typically performed under local anesthesia and
mild sedation. TBNA is effective for lesions that are accessible via the bronchial tree but may
have limited success for lesions located farther from the central airways.
2. CT-Guided Percutaneous Needle Biopsy: This is the most common method for sampling
peripheral lung lesions. A needle is guided by CT imaging to the lesion site to obtain a
tissue sample. This technique is particularly useful for lesions that are difficult to reach via
bronchoscopy. It is typically done under local anesthesia, and the patient is monitored for
complications such as pneumothorax.
3. Bronchoscopic Biopsy (via Electromagnetic Navigation or Radial Probe Ultrasound): In
cases where peripheral lesions are difficult to access, advanced bronchoscopy techniques like
electromagnetic navigation or radial probe ultrasound can be used. These methods allow for
more precise targeting of peripheral lesions, improving the likelihood of successful biopsy.
4. Thoracoscopic (VATS) Biopsy: Video-assisted thoracoscopic surgery (VATS) is a minimally
invasive surgical procedure that provides direct visualization of the peripheral lung and allows
for biopsy of lesions that cannot be accessed by bronchoscopy or needle biopsy. This approach
may be used when other methods fail or when a larger sample is required for diagnosis.
Step 3: Conclusion.
Choosing the appropriate modality for sampling peripheral lung lesions depends on the location,
size, and accessibility of the lesion, as well as the patient’s overall condition. CT-guided needle
biopsy remains the most commonly used approach, but advanced bronchoscopic techniques and
VATS can provide additional options when necessary.

Quick Tip

CT-guided biopsy is generally the gold standard for peripheral lung lesion sampling, but
advanced bronchoscopy or VATS may be necessary for lesions that are difficult to access.

7. a) Strategies for the prevention of nosocomial pneumonia.

Solution:

Step 1: Understanding Nosocomial Pneumonia.
Nosocomial pneumonia, also known as hospital-acquired pneumonia (HAP), is a lung infection
that occurs in patients during hospitalization, typically 48 hours or more after admission. It
is a significant cause of morbidity and mortality in hospitalized patients, particularly those in
intensive care units (ICU) or on mechanical ventilation.
Step 2: Key Strategies for Prevention.
Preventing nosocomial pneumonia involves a combination of infection control practices, ven-
tilator care, and patient management: 1. Hand Hygiene and Infection Control: Proper hand
hygiene is essential for preventing the spread of pathogens. Healthcare providers should wash
hands thoroughly before and after patient contact, and the use of alcohol-based hand sanitizers
should be encouraged. 2. Elevation of the Head of the Bed: For patients on mechanical ventila-
tion, elevating the head of the bed to 30-45 degrees can reduce the risk of aspiration, which is a
major risk factor for pneumonia. 3. Oral Care: Regular oral hygiene, including tooth brushing
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and chlorhexidine mouth rinses, has been shown to reduce the incidence of ventilator-associated
pneumonia (VAP). 4. Ventilator-Associated Pneumonia Bundle: Implementing a VAP preven-
tion bundle, which includes practices like proper suctioning techniques, use of endotracheal
tubes with subglottic secretion drainage, and daily sedation vacations. 5. Use of Non-invasive
Ventilation (NIV): Whenever possible, avoid intubation and use non-invasive ventilation, as
this reduces the risk of VAP and other complications. 6. Early Mobilization: Encouraging
early mobilization and physical therapy can improve lung function and reduce the risk of de-
veloping pneumonia in ICU patients. 7. Antibiotic Stewardship: Appropriate use of antibiotics
to avoid overuse or misuse, which can lead to antibiotic resistance and increase the risk of
hospital-acquired infections.
Step 3: Conclusion.
By implementing a combination of these preventive measures, the incidence of nosocomial
pneumonia can be significantly reduced, improving patient outcomes and reducing healthcare
costs.

Quick Tip

Maintaining strict hand hygiene, using appropriate sedation strategies, and elevating
the head of the bed are some of the most effective preventive measures for nosocomial
pneumonia.

7. b) Percutaneous tracheostomy.

Solution:

Step 1: Understanding Percutaneous Tracheostomy.
Percutaneous tracheostomy is a minimally invasive procedure used to create an opening in
the trachea (windpipe) to facilitate breathing in patients who require prolonged mechanical
ventilation. Unlike the traditional surgical approach, which requires an incision in the neck,
percutaneous tracheostomy is performed with the aid of a needle and a dilator under local
anesthesia and guided by either bronchoscopic or ultrasonographic techniques.
Step 2: Indications for Percutaneous Tracheostomy.
Percutaneous tracheostomy is typically indicated for patients who require long-term mechanical
ventilation (usually more than 7-10 days) or have an airway obstruction that requires secure
long-term ventilation access. Common indications include: 1. Prolonged Mechanical Ventila-
tion: For patients in the ICU who require extended ventilation support. 2. Airway Protection:
For patients with conditions like neurological disorders, head and neck cancer, or after major
surgery who are at risk of airway obstruction. 3. Weaning from Ventilator Support: Patients
who have been intubated but are being weaned off mechanical ventilation and require a safer,
more comfortable airway management option. 4. Failed Intubation or Difficult Airway: If oral
intubation is not feasible or unsuccessful, tracheostomy provides an alternative airway access.
Step 3: Procedure.
The procedure is typically done under sedation and local anesthesia, with the following steps:
1. Preparation: The neck is sterilized, and the patient is placed in a supine position. 2.
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Needle Insertion: A needle is inserted into the trachea, and a guidewire is passed through it.
3. Dilation: A series of progressively larger dilators are used to create a tract to the trachea.
4. Tracheostomy Tube Insertion: A tracheostomy tube is placed into the tracheal opening to
secure the airway. 5. Post-procedure Care: After the procedure, the patient is monitored for
complications such as bleeding, pneumothorax, or infection.
Step 4: Advantages and Risks.
- Advantages: - Minimally Invasive: Percutaneous tracheostomy offers the benefits of a quicker
recovery, reduced complication rate, and fewer risks compared to traditional surgical methods.
- Shorter ICU Stay: It allows for early mobilization, better patient comfort, and a shorter ICU
stay. - Risks: - Infection: As with any invasive procedure, there is a risk of infection at the
insertion site. - Bleeding and Pneumothorax: While rare, bleeding and damage to the lung or
blood vessels are potential complications. - Tracheal Injury: There is a risk of injury to the
trachea or surrounding structures, particularly in patients with difficult anatomy.
Step 5: Conclusion.
Percutaneous tracheostomy is a safe and effective procedure for patients requiring long-term
ventilation. It reduces the discomfort associated with prolonged intubation and provides a more
manageable and comfortable airway alternative.

Quick Tip

Percutaneous tracheostomy should be performed by experienced clinicians in a controlled
setting with appropriate monitoring to minimize complications.

8. a) Nintedanib.

Solution:

Step 1: Understanding Nintedanib.
Nintedanib is an oral, multitargeted tyrosine kinase inhibitor that is used in the treatment of
several pulmonary diseases, most notably idiopathic pulmonary fibrosis (IPF) and certain types
of interstitial lung diseases. It works by inhibiting multiple pathways involved in fibrosis and
inflammation, including the fibroblast growth factor receptor (FGFR), platelet-derived growth
factor receptor (PDGFR), and vascular endothelial growth factor receptor (VEGFR).
Step 2: Indications for Nintedanib.
- Idiopathic Pulmonary Fibrosis (IPF): Nintedanib has been shown to slow the progression
of IPF, a condition characterized by progressive scarring of the lungs. - Other Interstitial
Lung Diseases (ILDs): It is also approved for the treatment of progressive fibrosing ILDs,
which include diseases such as systemic sclerosis-associated ILD and chronic hypersensitivity
pneumonitis. - Lung Cancer: Nintedanib has also been explored as an adjunct treatment for
non-small cell lung cancer (NSCLC), particularly in combination with chemotherapy.
Step 3: Mechanism of Action.
Nintedanib inhibits multiple receptor tyrosine kinases involved in the pathogenesis of fibrosis
and angiogenesis. By blocking these pathways, it reduces the proliferation of fibroblasts, the
deposition of extracellular matrix proteins, and the overall fibrotic process.
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Step 4: Side Effects.
Common side effects of nintedanib include gastrointestinal symptoms such as nausea, diarrhea,
and liver enzyme abnormalities. Patients on nintedanib should be monitored for liver function
and potential cardiovascular events.
Step 5: Conclusion.
Nintedanib is an important medication for managing chronic fibrotic lung diseases and certain
cancers. It helps to reduce lung function decline in patients with IPF and other ILDs and is
considered a vital tool in managing these progressive diseases.

Quick Tip

Monitor patients on nintedanib for gastrointestinal side effects and liver function abnor-
malities during treatment to ensure early detection and management of complications.

8. b) Biologics for treatment of severe asthma.

Solution:

Step 1: Understanding Severe Asthma.
Severe asthma is a type of asthma that remains poorly controlled despite high-dose inhaled
corticosteroids and other standard therapies. It is characterized by frequent asthma attacks,
airflow limitation, and airway hyperresponsiveness. Biologic therapies have revolutionized the
treatment of severe asthma by targeting specific inflammatory pathways responsible for exac-
erbations and poor control.
Step 2: Biologics for Severe Asthma.
Several biologic therapies are available for the treatment of severe asthma, particularly for
patients with allergic or eosinophilic asthma. These biologics target specific molecules or cells
involved in asthma inflammation:
1. Omalizumab (Xolair): Omalizumab is an anti-IgE monoclonal antibody that works by
binding to immunoglobulin E (IgE), preventing it from interacting with mast cells and basophils.
This helps reduce allergic reactions and inflammation. It is particularly useful for allergic
asthma.
2. Mepolizumab (Nucala): Mepolizumab is an anti-IL-5 monoclonal antibody that targets
interleukin-5, a cytokine that promotes the activation and survival of eosinophils. It is effective
for eosinophilic asthma, a subtype characterized by elevated eosinophil levels in the blood and
airways.
3. Reslizumab (Cinqair): Similar to mepolizumab, reslizumab is another anti-IL-5 monoclonal
antibody used for eosinophilic asthma. It reduces asthma exacerbations and improves lung
function by decreasing eosinophilic inflammation.
4. Benralizumab (Fasenra): Benralizumab is an anti-IL-5 receptor monoclonal antibody that
not only reduces eosinophil levels but also induces eosinophil depletion through antibody-
dependent cell-mediated cytotoxicity. It is used for severe eosinophilic asthma.
5. Dupilumab (Dupixent): Dupilumab is an anti-IL-4R monoclonal antibody that blocks the
IL-4 and IL-13 pathways, which play a key role in the inflammatory process of asthma. It
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is effective for both eosinophilic and non-eosinophilic asthma, including patients with atopic
dermatitis and chronic rhinosinusitis.
Step 3: Mechanism of Action and Benefits.
Biologics for severe asthma work by targeting specific molecules involved in the inflammatory
process. By reducing inflammation, biologics help to: - Prevent asthma exacerbations, - Im-
prove lung function, - Reduce the need for oral corticosteroids, and - Improve overall asthma
control.
Step 4: Side Effects.
Although biologics are generally well tolerated, they can cause side effects such as injection site
reactions, headache, and, rarely, anaphylaxis. Long-term safety data is still being evaluated,
particularly for agents like omalizumab and dupilumab.
Step 5: Conclusion.
Biologic therapies have significantly improved the management of severe asthma, particularly in
patients with eosinophilic or allergic asthma. These therapies are tailored to individual patients
based on their specific asthma phenotype, offering personalized and more effective treatment
options.

Quick Tip

Biologics are effective for controlling severe asthma when traditional therapies fail, but
they are most effective when used in patients with specific asthma phenotypes like
eosinophilic asthma.

9. a) Endobronchial ultrasound guided transbronchial needle aspiration.

Solution:

Step 1: Understanding Endobronchial Ultrasound Guided Transbronchial Needle
Aspiration (EBUS-TBNA).
Endobronchial ultrasound (EBUS) guided transbronchial needle aspiration (TBNA) is a min-
imally invasive procedure used to obtain tissue samples from the lungs and mediastinum. It
combines the advantages of endobronchial ultrasound and a bronchoscope to visualize and
sample lesions located in areas that are difficult to reach with conventional bronchoscopy.
Step 2: Indications for EBUS-TBNA.
EBUS-TBNA is commonly used in the diagnosis and staging of various pulmonary conditions,
including: - Lung Cancer: To assess mediastinal and hilar lymph nodes for cancer staging. -
Infections: To diagnose infections such as tuberculosis or fungal infections in the mediastinal
or hilar lymph nodes. - Sarcoidosis: To obtain biopsy samples from affected lymph nodes
for diagnosis. - Lymphoma and Other Lymphadenopathies: For the diagnosis of lymph node
enlargement from various causes.
Step 3: Procedure.
The procedure is typically performed under moderate sedation and local anesthesia, with the
following steps: 1. Preparation: The bronchoscope, equipped with an ultrasound probe, is
inserted through the mouth or nose into the airways. 2. Ultrasound Guidance: The ultrasound
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probe provides real-time imaging of the lymph nodes and surrounding structures. 3. Needle
Aspiration: A needle is passed through the bronchoscope and guided to the targeted lesion or
lymph node. Tissue samples are then aspirated using the needle. 4. Post-procedure Care: The
procedure is well tolerated by most patients, and the risks of complications such as bleeding or
pneumothorax are relatively low.
Step 4: Advantages and Risks.
- Advantages: - Minimally invasive with high diagnostic yield. - Reduced need for more invasive
procedures like mediastinoscopy. - Real-time imaging for precise sampling. - Risks: - Bleeding,
infection, and pneumothorax are rare but possible complications. - A small risk of damage to
adjacent structures such as blood vessels or the trachea.
Step 5: Conclusion.
EBUS-TBNA is a valuable diagnostic tool in the evaluation of lung and mediastinal conditions,
offering a minimally invasive option with high diagnostic accuracy for a variety of pulmonary
diseases.

Quick Tip

EBUS-TBNA is particularly useful for obtaining biopsies from difficult-to-reach medi-
astinal and hilar lymph nodes, making it an essential procedure in modern pulmonary
diagnostics.

9. b) Loop-mediated isothermal amplification (LAMP) technique for TB.

Solution:

Step 1: Understanding the LAMP Technique.
Loop-mediated isothermal amplification (LAMP) is a molecular diagnostic technique that am-
plifies DNA with high specificity, efficiency, and rapidity. Unlike conventional PCR, LAMP
operates under isothermal conditions, meaning that it does not require thermal cycling, which
makes it more suitable for resource-limited settings.
Step 2: LAMP for Tuberculosis Diagnosis.
LAMP has been adapted for the rapid detection of *Mycobacterium tuberculosis*, the causative
agent of tuberculosis (TB). The technique is based on the amplification of specific regions of
the TB genome, enabling detection of even low levels of bacteria in clinical samples such as
sputum, blood, or urine.
Step 3: Advantages of LAMP for TB Diagnosis.
- Rapid and Sensitive: LAMP can provide results in under an hour, significantly faster than
traditional culture methods. - Simple Equipment Requirements: Since LAMP is isothermal, it
requires only a heat block or a water bath, making it accessible in low-resource settings where
PCR-based equipment may not be available. - High Sensitivity and Specificity: LAMP has been
shown to have high sensitivity, especially in detecting TB in smear-negative or extrapulmonary
cases, which are often difficult to diagnose using traditional methods. - Field-friendly: The
test can be performed without a complex laboratory setup, making it suitable for point-of-care
testing.
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Step 4: Procedure for LAMP.
1. Sample Collection: Clinical samples (e.g., sputum) are collected from the patient. 2. DNA
Extraction: DNA is extracted from the sample. 3. Amplification Reaction: Specific primers
are used to target the TB genome, and the DNA is amplified under isothermal conditions. 4.
Detection: The amplification products are detected visually or with colorimetric indicators,
indicating the presence of *Mycobacterium tuberculosis*.
Step 5: Conclusion.
LAMP is a promising tool for TB diagnosis, especially in resource-limited settings. Its rapid
turnaround time, ease of use, and high sensitivity make it a valuable addition to the TB
diagnostic toolkit.

Quick Tip

LAMP-based tests offer a fast, cost-effective alternative for TB diagnosis, especially in
settings without access to advanced molecular equipment.

10. a) Causes of Ventilator-Associated Lung Injury.

Solution:

Step 1: Understanding Ventilator-Associated Lung Injury (VALI).
Ventilator-associated lung injury (VALI) refers to lung injury that occurs as a result of me-
chanical ventilation. It is a common complication in critically ill patients requiring invasive
mechanical ventilation. VALI can lead to further lung damage, including acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS).
Step 2: Causes of Ventilator-Associated Lung Injury.
There are several causes and mechanisms of VALI: 1. Barotrauma: Barotrauma occurs when
high airway pressures used during mechanical ventilation lead to the rupture of alveoli or small
airways, causing air to leak into the surrounding tissue or pleural space. This can result in
pneumothorax or subcutaneous emphysema.
2. Volutrauma: Volutrauma refers to injury caused by excessive tidal volumes that lead to
overstretching of the lung tissue. This overstretching can cause damage to the alveolar-capillary
membrane and contribute to inflammation and pulmonary edema.
3. Atelectrauma: Atelectrauma occurs when alveolar collapse and reopening (atelectasis) during
mechanical ventilation lead to repeated shearing forces, which cause injury to the lung tissue.
This is more common in patients with poor lung compliance.
4. Biotrauma: Biotrauma is the release of pro-inflammatory cytokines and mediators due
to mechanical ventilation. This inflammatory response can result in further lung injury and
contribute to the development of ARDS.
5. Oxygen Toxicity: Prolonged exposure to high concentrations of oxygen (greater than 60% for
extended periods) can lead to oxygen toxicity. This causes cellular damage and inflammation
in the lungs, worsening the injury caused by mechanical ventilation.

16



6. Infection (Ventilator-Associated Pneumonia, VAP): Mechanical ventilation can increase the
risk of infections such as ventilator-associated pneumonia. VAP can further exacerbate lung
injury by causing inflammation and leading to further impairment of lung function.
Step 3: Conclusion.
The prevention and management of VALI require strategies such as using lung-protective ven-
tilation strategies, minimizing tidal volumes, optimizing PEEP (positive end-expiratory pres-
sure), and avoiding excessive oxygen concentrations. Early recognition and appropriate inter-
ventions can reduce the incidence and severity of VALI.

Quick Tip

Using low tidal volumes, appropriate PEEP, and minimizing airway pressures can help
prevent ventilator-associated lung injury.

10. b) High-flow Nasal Oxygen therapy (HFNO).

Solution:

Step 1: Understanding High-flow Nasal Oxygen Therapy (HFNO).
High-flow nasal oxygen therapy (HFNO) is a method of delivering humidified oxygen at high
flow rates through nasal prongs. Unlike conventional oxygen therapy, which delivers oxygen at
fixed low flow rates, HFNO provides adjustable oxygen concentrations and flow rates up to 60
liters per minute, allowing for better oxygenation and comfort.
Step 2: Mechanism of Action.
HFNO delivers oxygen at higher flows, which helps in several ways: 1. Improved Oxygenation:
The high flow rates increase the fraction of inspired oxygen (FiO2), improving oxygenation in
patients with respiratory failure or hypoxemia. 2. Positive Pressure: The high flow can provide
a small amount of positive pressure to the airways, which helps to recruit alveoli, improve lung
compliance, and reduce the work of breathing. 3. Humidification: The oxygen is delivered in a
fully humidified form, which helps to prevent airway dryness and irritation, improving comfort
for the patient. 4. Reduction of Dead Space Ventilation: By flushing out the nasopharyngeal
dead space, HFNO improves the efficiency of ventilation and reduces the work of breathing.
Step 3: Indications for HFNO.
HFNO is typically used for patients with: - Acute Respiratory Distress Syndrome (ARDS):
HFNO can help improve oxygenation and reduce the need for invasive mechanical ventilation.
- Chronic Obstructive Pulmonary Disease (COPD): HFNO can be used to manage exacerba-
tions of COPD, providing respiratory support without the need for intubation. - Hypoxemic
Respiratory Failure: HFNO is used for patients with hypoxemic respiratory failure, especially
when non-invasive positive pressure ventilation (NIV) is not sufficient or contraindicated. -
Post-extubation: HFNO is sometimes used after extubation to prevent reintubation in patients
who are at high risk of respiratory failure.
Step 4: Benefits and Risks.
- Benefits: - Reduces the need for intubation in patients with respiratory failure. - More
comfortable than other forms of oxygen therapy, especially for long-term use. - Helps reduce
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the work of breathing and improves oxygenation. - Risks: - Risk of aspiration in patients with
altered consciousness or swallowing difficulties. - Limited effectiveness in patients with very
severe respiratory failure requiring full ventilatory support. - Nasal discomfort or irritation due
to the high flow rates.
Step 5: Conclusion.
HFNO is an effective and comfortable option for providing respiratory support in patients with
respiratory distress, especially in those with hypoxemia or chronic respiratory diseases. It can
help prevent the need for invasive mechanical ventilation and is considered a useful tool in
critical care.

Quick Tip

HFNO is a valuable alternative to invasive ventilation for patients with hypoxemia or
respiratory failure, offering non-invasive support and improved comfort.
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