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Adult Respiratory Distress Syndrome (ARDS)

Definition: A form of acute, massive, low pressure, pulmonary edema associated with diffuse infiltrates on frontal chest film, low PO2 even on very high levels of inspirated oxygen, and low compliance. Acute Lung Injury (ALI) is often used synonymously with ARDS. Diffuse alveolar damage (DAD) is the overall name for the pathologic picture seen in cases of ARDS.

Incidence: At least 150,000 cases per year in North America.

Signs and symptoms: Patients with ARDS present with an acute illness characterized by respiratory failure and diffuse bilateral infiltrates on chest radiograph. Blood gases on both room air and on high levels of inspired oxygen show a very low PO2
Etiologies: ARDS is associated with a wide variety of etiologies, as shown below. The common component is believed to be injury to the capillary endothelium, either from a circulating agent, or secondary to damage to the alveolar epithelium.

Direct Alveolar Injury

Injury from Systemic Process

Aspiration of gastric contents

Sepsis

Toxic fume inhalation (including
Shock

 high levels of oxygen)

 

Severe pulmonary infections,

Non-thoracic trauma

 especially viral pneumonias

Radiation to lung


Acute increased CNS pressure

Thoracic trauma


Acute pancreatitis

Drugs, especially chemotherapeutic


 agents

Pathologic findings: ARDS (or DAD) can be divided into an early, or exudative phase and a later phase, usually labelled the proliferative or organizing phase. 'Exudative' in this context follows the general definition of exudate as a fluid containing protein and inflammatory cells, since a 
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proteinaceous fluid and inflammatory cells fill the airspaces; and 'organizing' follows the general definition of organization as the development of granulation tissue (i.e., loose connective tissue) with eventual formation of mature fibrous tissue (these definitions apply to many pathologic processes, not only ARDS). With the exception of some cases of ARDS secondary to viral pneumonia, in which viral inclusions can be seen microscopically, the pathologic findings in most cases of ARDS are not specific to any etiologic agent and the pathologic findings need to be correlated with the clinical events to determine etiology..

Early = Exudative Phase


Late = Proliferative or Organizing

Protein, RBC, PMN, monocytes

Hyperplasia of type II cells

 and fluid in airspaces

Hyaline membranes in alveolar ducts
Granulation tissue in airspaces

Damaged type I and endothelial cells
Incorporation of granulation tissue

 into alveolar walls

Microatelectasis

Lavage usually >90% PMN

Eventual total obliteration of lung







 architecture

Pathogenesis: The pathogenesis of ARDS is not well understood and there is no animal model that really mimics human disease. Nonetheless, a number of observations have been made in humans and animal model systems. It should be understood that processes (a) - (d) are concurrent rather than sequential, and that these abnormalities tend to produce positive feedback loops, but that the result of these processes is (e):

(a) Injury to endothelium from inhaled agent or from circulating toxin such as bacterial endotoxin or cytokine such as TNF produces rapid massive fluid and protein leakage into airspaces

(b) Endotoxin, TNF, IL-1, oxidants, etc upregulate endothelial ICAM, VCAM, e-selectin, p-selection, leading to increased adhesion and migration of PMN's into airspaces 

(c) Endotoxin, TNF, IL-1, oxidants, etc upregulate TNF, IL- (feedback loop) and PMN and monocyte chemoattractants such as MIP-2, IL-8, GM-CSF, LTB4, leading to PMN and monocyte infiltration into parenchyma 

(d) PMN/monocytes produce proteases and oxidants that damage epithelium and lead to matrix degradation, leading to further fluid influx. Matrix fragments are also chemotactic for inflammatory cells.
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(e) Increased permeability leads to surfactant dilution/loss and damage to type II cells leads to loss or abnormal forms of surfactant, eventually producing alveolar collapse (microatelectasis). Alveolar collapse produces both decreased lung compliance (i.e, stiff lungs) and decreased PO2 since the alveolar spaces are no longer oxygenated. The combination of the ventilatory abnormalities, and the marked vascular shunt produces the ventilation - perfusion (V-Q) abnormality characteristically found in ARDS.

In addition, production of massive amounts of inflammatory cytokines such as TNF in the lung in ARDS may lead to liberation of cytokines into the circulation in large amounts, with damage to other organs, a process labelled "Multi-System Organ Failure" (MSOF).

Therapy and Prognosis: ARDS may resolve with little functional deficit, or may progress to the organizing phase, which carries a considerably worse prognosis. Therapy is directed to increasing oxygenation by using high concentrations of inspired oxygen, and opening collapsed alveoli by using a respirator with positive end expiratory pressure (PEEP). If ARDS has develped because of sepsis or shock or other systemic cause, the underlying disease must be treated as well. Anti-cytokine treatments are beginning to be applied: In experimental animals antibodies to TNF are protective; in humans, there is some evidence that treatment with IL-1 receptor antagonist increases survival. Note that high concentrations of inspired oxygen in themselves are toxic and lead to ARDS. The overall mortality is said to be 50 to 70%.

Interstitial Lung Disease
Definition:  A heterogeneous group of disorders primarily affecting the lung distal to the membranous bronchioles and usually characterized by the presence of abnormal tissue (inflammatory cells, granulomas, or collagen) in the interstitium. These diseases usually are chronic and many are slowly progressive over months to years. If they progress these disorders end in honeycombing (end stage lung).

There are many defined interstitial lung diseases; some fairly frequent ones are:

Usual interstitial pneumonia (UIP, also called idiopathic interstitial fibrosis [IPF] and cryptogenic fibrosing alveolitis), a progressive disease of unknown etiology leading to diffuse fibrosis of the lung. 

Extrinsic allergic alveolitis (hypersensitivity pneumonia), an allergic reaction to an 
inhaled organic antigen. 

Sarcoidosis, a disease of unknown origin characterized by interstitial granulomas.

Pneumoconioses (dust diseases) such as asbestosis, silicosis, and coal worker's pneumoconiosis, caused by occupational exposure to inorganic mineral dusts
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Signs and Symptoms: Most patients with interstitial lung disease present with shortness of breath, typically slowly worsening over time. Nonproductive cough is also common. Physical examination often shows the presence of fine inspiratory rales (called "velcro rales" because they sound like velcro strips being pulled apart) at the bases. In advanced disease the lungs are small to percussion and the diaphragms show very small excursions. Clubbing of the nails may also be seen in advanced disease.

Radiographic Findings: These vary considerably with the different diseases:

Increased "interstitial markings" (linear opacities), typically in the lower zones, are seen in usual interstitial pneumonia, extrinsic allergic alveolitis, asbestosis, and some cases of sarcoidosis.

Fine nodules, usually upper zonal, are seen in silicosis and coal worker's 

pneumoconiosis

Honeycombing, small cysts with thick walls, can be seen in any of these diseases at an end stage, but is common in usual interstitial pneumonia.

Enlarged hilar lymph nodes are typical of sarcoidosis.

Physiologic Findings: Physiologic changes in interstitial lung disease tend to reflect the presence of chronic inflammatory cells and collagen in the interstitium, a process that causes the parenchymal tissues to become less compliant (think of stretching a thin rubber band; now think of stretching a thick and dense rubber bandBit stretches a lot less for the same applied force. This is a good model of usual interstitial pneumonia). A restrictive pattern of functional abnormalities with small lung volumes (FVC, TLC) and increased flows is typical of many forms of interstitial lung disease. The increased flows reflect the decreased distensibility of the alveolar walls and hence the increased driving force on expiration; the small lung volumes reflect the decreased distensibility of the lung tissue. However, the extent of physiological abnormalities reflects both the severity and location of the fibrosis.  Some interstitial lung diseases such as silicosis, where the silicotic nodules are scattered in an otherwise normal parenchyma, may show little functional change (try stretching a rubber band with knots tied in it: as long as the knots of relatively few, they produce little effect on distensibility). Sarcoidosis and extrinsic allergic alveolitis may also have a component of airflow obstruction because of granulomas and/or chronic inflammatory cells around small airways.
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Pathologic Findings: These vary from disease to disease:

In usual interstitial pneumonia and asbestosis, there are both chronic inflammatory cells and increased collagen deposited in the interstitial space in a very patchy fashion; microscopically the interstitium appears widened. Small foci of airspace granulation tissue may be found. Honeycombing is common and appears as thick walled cysts with no normal lung tissue. In asbestosis, asbestos bodies, fibers of asbestos with an iron-protein coating, are visible in the tissue sections.

In extrinsic allergic alveolitis there is a chronic inflammatory infiltrate and small 
scattered granulomas in the interstitium, particularly around small airways

In sarcoidosis, well formed non-necrotizing granulomas are present, often surrounding 
and compressing small airways. The remaining interstitium is normal.

In silicosis, densely collagenized nodules are scattered through an otherwise normal 
parenchyma.

Pathogenesis: The pathogenesis of none of these diseases is understood. Usual interstitial pneumonia is discussed here because it has been extensively studied. The following steps and processes are postulated to occur in UIP:

(a) Damage to alveolar epithelial cells initiates a self-sustaining "alveolitis". This process is very patchy and slow but widespread. It has been proposed that damage to alveolar epithelial cells occurs because of the development of auto-immune processes (for example a viral infection leading to cross reaction between a viral protein and a human protein) since antibodies against type II cells may be found in some cases of UIP, and lung T lymphcytes are activated by exposure to connective tissue matrix elements in some human UIP cases.

(b) Recruitment of PMN (increased PMN are present in lavage in UIP) and monocytes/macrophages leads to production of oxidants, proteases, and growth factors. A wide variety of macrophage derived growth factors which are associated with connective tissue deposition have been shown to be increased in human UIP or animal models; these include platelet-derived growth factor, fibronectin, insulin-like growth factor, transforming growth factor  and tumor necrosis factor .

(c) Ulceration of damaged epithelium allows interstitial fibroblasts and interstitial 

macrophages to proliferate into the airspaces
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(d) Granulation tissues forms in the airspaces and is incorporated into the alveolar 
wall as fibrous tissue. This process is similar to what is seen in ARDS, but in ARDS it is diffuse and occurs very rapidly (days to weeks). In UIP it is very focal and occurs over years. Collagen deposition is postulated to occur because of a cytokine imbalance that favors deposition rather than removal. It has been suggested that IPF reflects a Th2 type of response and a relative deficit of IFN and there are preliminary data in humans that administration of IFN may actually improve pulmonary function and reverse the disease in IPF.

Diagnostic Tests: History is extremely important, since it may reveal an environmental or occupational cause of the disease (for example, asbestos exposure in asbestosis; shovelling mouldy hay in farmer's lung, a form of extrinsic allergic alveolitis). In suspected cases, high resolution CT scanning provides a more specific radiographic clue than do plain films. Open lung biopsy is often performed for a definitive diagnosis. Some of these diseases produce other systemic manifestations (sarcoid, for example, involves other organs and can often be diagnosed by slit-lamp examination to detect uveitis). In extrinsic allergic alveolitis, where the cause is usually an organic antigen, precipitating antibodies to the antigen in question may be present. Inhalational challenge tests with the antigen can also be performed in this setting. The case histories in the lab handout illustrate the approach to interstitial lung diseases.

Treatment and Prognosis: Treatment options are limited. Steroids are often tried and are of proven benefit in extrinsic allergic alveolitis and possibly in sarcoidosis, but are ineffective in usual interstitial pneumonia and asbestosis. In younger patients lung transplant is being used to treat usual interstitial pneumonia. In animal models antibodies against cytokine growth factors are often protective (for example, anti-TNF prevents experimental silicosis from developing) but have not thus far been shown to work in UIP in humans. There is an active ongoing trial of IFN therapy in UIP based on the small study mentioned above.

The prognosis varies considerably from disease to disease. Most cases of usual interstitial pneumonia slowly progress with median survivals of 3 years from diagnosis. Most cases of extrinsic allergic alveolitis and sarcoidosis appear to respond to steroids.
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