Pathophysiology of the respiratory system

Pathophysiology of respiratory system (overview)

Breathing through the lungs has two functions: firstly, to supply O2 to the blood and, secondly, to regulate the acid-base balance via the CO2 concentration in the blood. The mechanics of breathing serve to ventilate the alveoli, through whose walls O2 can diffuse into the blood and CO2 can diffuse out. Respiratory gases in the blood are largely transported in bound form. The amount transported depends, among other factors, on the concentration in blood and on pulmonary blood flow (perfusion). It is the task of respiratory regulation to adapt ventilation to the specific requirements. A number of disorders can affect breathing in such a manner that ultimately sufficient O2 uptake and CO2 release can no longer be guaranteed. 

In obstructive lung disease (foreign bodies, asthma, and pulmonary emphysema) flow resistance in the respiratory tract is raised and ventilation of the alveoli is thus impaired. The primary consequence is hypoventilation in some alveoli (abnormal distribuition) or of all alveoli (global hypoventilation). If alveolar ventilation ceases completely, a functional arteriovenous shunt occurs. However, hypoxia leads to constriction of the supplying vessels (hypoxic vasoconstriction), thus diminishing blood flow to the underventilated alveoli. In restrictive lung disease (pneumonia, pulmonary edema, pulmonary fibrosis, atelectasis, pneumothorax) the loss of functioning lung tissue reduces the area of diffusion and in this way impairs gaseous exchange. There is also a reduced area of diffusion in emphysema, a condition characterized by alveoli that have a large lumen but are also diminished in number. Disorders of diffusion can also be caused by an increased distance between alveoli and blood capillaries. If alveoli and capillaries are completely separated from one another, this results in both a functional dead space (non-perfused alveoli) and an arteriovenous shunt. Restrictive and obstructive lung disease as well as cardiovascular disease may affect lung perfusion. Decreased perfusion results in a reduced amount of gases being transported in blood, despite adequate O2 saturation and CO2 removal in the alveoli. If flow resistance is increased, severe consequences for the circulation are possible, because the entire cardiac output (CO) must pass through the lungs. 

Breathing is also impaired in dysfunction of the respiratory neurons as well as of the motoneurons, nerves, and muscles that are controlled by them (hydroelectrolytic disturbances, metabolic disturbances, pH disturbances, head trauma, coma, head stroke, increased intracranial pressure, tumors). The changes in movement that occur when the breathing regulation is abnormal do not, however, necessarily lead to corresponding changes of alveolar ventilation.

 The supply of O2 to the cells as well as the removal of CO2 from the periphery do not only depend on adequate respiration but also on unimpaired oxygen transport in the blood and on intact circulation. Thus, this can be changed in patients with heart failure, anemia, hemoglobinopathy.

Respiratory failure

Respiratory failure represents the inability of the respiratory apparatus to satisfy requirements of the body in O2 in resting condition as well as during physical effort at a normal atmospheric pressure.

In function of etiology and pathogeny there can be recognized: central, restrictive and obstructive respiratory failure.
Consequences of inadequate breathing can be hypoxemia, hypercapnia or hypocapnia (decreased CO2 content) in arterialized blood, changes in pH (respiratory alkalosis or respiratory acidosis), dyspnea. 
Hypoxemia

Hypoxemia refers to a reduction in blood oxygen levels (PaO2 less than 50-60 mmHg). Hypoxemia can result from an inadequate amount of oxygen in the air, disease of the respiratory system, or alterations in circulatory function. The mechanisms whereby respiratory disorders lead to a significant reduction in PaO2 are hypoventilation, impaired diffusion of gases, shunt, and mismatching of ventilation and perfusion. Another cause of hypoxemia, reduction of the partial pressure of oxygen in the inspired air, occurs only under special circumstances, such as at high altitudes. Often, more than one mechanism contributes to hypoxemia in a person with respiratory or cardiac disease.

Manifestations. Hypoxemia produces its effects through tissue hypoxia and the compensatory mechanisms that the body uses to adapt to the lowered oxygen level. Body tissues vary considerably in their vulnerability to hypoxia; those with the greatest need are the nervous system and heart. Cessation of blood flow to the cerebral cortex results in loss of consciousness within 10 to 20 seconds. If the PaO2 of the tissues falls below a critical level, aerobic metabolism ceases, and anaerobic metabolism takes over, with formation and release of lactic acid.

The signs and symptoms of hypoxia can be grouped into two categories: those resulting from impaired function of vital centers and those resulting from activation of compensatory mechanisms. Mild hypoxemia produces few manifestations. There may be slight impairment of mental performance and visual acuity and sometimes hyperventilation. This is because hemoglobin saturation still is approximately 90% when the PaO2 is only 60 mm Hg. More pronounced hypoxemia may produce personality changes, restlessness, agitated or combative behavior, uncoordinated muscle movements, euphoria, impaired judgment, delirium, and eventually, stupor and coma. Recruitment of sympathetic nervous system compensatory mechanisms produces an increase in heart rate, peripheral vasoconstriction, diaphoresis, and a mild increase in blood pressure. Profound acute hypoxemia can cause convulsions, retinal hemorrhages, and permanent brain damage. Hypotension and bradycardia often are pre-terminal events in persons with hypoxemia, indicating the failure of compensatory mechanisms.

The body compensates for hypoxemia by increased ventilation, pulmonary vasoconstriction, and increased production of red blood cells. Hyperventilation results from the hypoxic stimulation of the chemoreceptors. Increased production of red blood cells results from the release of erythropoietin from the kidneys in response to hypoxia. Polycythemia increases the red blood cell concentration and the oxygen-carrying capacity of the blood. Pulmonary vasoconstriction occurs as a local response to alveolar hypoxia; it increases pulmonary arterial pressure and improves the matching of ventilation and blood flow. Other adaptive mechanisms include a shift to the right in the oxygen dissociation curve as a means of increasing oxygen release to the tissues. In conditions of chronic hypoxemia, the manifestations may be insidious in onset and attributed to other causes, particularly in chronic lung disease. Decreased sensory function, such as impaired vision or fewer complaints of pain, may be an early sign of worsening hypoxemia. This is probably because the involved sensory neurons have the same need for high levels of oxygen, as do other parts of the nervous system. Pulmonary hypertension is common because of associated alveolar hypoxia.

Cyanosis refers to the bluish discoloration of the skin and mucous membranes that result from an excessive concentration of reduced or deoxygenated hemoglobin in the small blood vessels. It usually is most marked in the lips, nail beds, ears, and cheeks. The degree of cyanosis is modified by the amount of cutaneous pigment, skin thickness, and the state of the cutaneous capillaries. Cyanosis is more difficult to distinguish in persons with dark skin and in areas of the body with increased skin thickness.

Although cyanosis may be evident in persons with respiratory failure, it often is a late sign. A concentration of approximately 5 g/dL of deoxygenated hemoglobin is required in the circulating blood for cyanosis. The absolute quantity of reduced hemoglobin, rather than the relative quantity, is important in producing cyanosis. Persons with anemia and low hemoglobin levels are less likely to exhibit cyanosis (because they have less hemoglobin to deoxygenate), even though they may be relatively hypoxic because of their decreased ability to transport oxygen, than persons who have high hemoglobin concentrations. Someone with a high hemoglobin level because of polycythemia may be cyanotic without being hypoxic.

Cyanosis can be divided into two types: central or peripheral. Central cyanosis is evident in the tongue and lips. It is caused by an increased amount of deoxygenated hemoglobin or an abnormal hemoglobin derivative in the arterial blood. Abnormal hemoglobin derivatives include methemoglobin, in which the nitrite ion reacts with hemoglobin. Because methemoglobin has a low affinity for oxygen, large doses of nitrites can result in cyanosis and tissue hypoxia. Although nitrites are used in treating angina, the therapeutic dose is too small to cause cyanosis. Sodium nitrite is used as a curing agent for meat. In nursing infants, the intestinal flora is capable of converting significant amounts of inorganic nitrate (e.g., from well water) into nitrite ion.

Peripheral cyanosis occurs in the extremities and on the tip of the nose or ears. It is caused by slowing of blood flow to an area of the body, with increased extraction of oxygen from the blood. It results from vasoconstriction and diminished peripheral blood flow, as occurs with cold exposure, shock, congestive heart failure, and peripheral vascular disease. Acute arterial obstruction in an extremity, such as occurs with an embolus or arterial spasm, usually presents with pallor and coldness, although there may be cyanosis.

Hypercapnia

Hypercapnia refers to an increase in the carbon dioxide content of the arterial blood (PaCO2>46 mmHg). The diagnosis of hypercapnia is based on physiologic manifestations, arterial pH, and arterial blood gas levels. The carbon dioxide level in the arterial blood, or PaCO2, is proportional to carbon dioxide production and inversely related to alveolar ventilation. The diffusing capacity of carbon dioxide is 20 times that of oxygen; therefore, hypercapnia is observed only in situations of hypoventilation sufficient to cause hypoxia.

Hypercapnia can occur in a number of disorders that cause hypoventilation or mismatching of ventilation and perfusion. Hypoventilation is a cause of hypercapnia in respiratory failure due to depression of the respiratory center in drug overdose, neuromuscular diseases such as Guillain-Barré syndrome, or chest wall deformities such as seen with severe scoliosis. Hypercapnia due to ventilation-perfusion inequalities is seen most commonly in persons with chronic obstructive pulmonary disease. Conditions that increase carbon dioxide production, such as an increase in metabolic rate or a high carbohydrate diet, can contribute to the degree of hypercapnia that occurs in persons with impaired respiratory function.

The function of the respiratory center, which controls the activity of the muscles of respiration, is a crucial determinant of ventilation and elimination of carbon dioxide. The activity of the respiratory center is regulated by chemoreceptors that monitor changes in the chemical composition of the blood. The most important chemoreceptors in terms of the minute-by-minute control of ventilation are the central chemoreceptors that respond to changes in the hydrogen ion (H+) concentration of the cerebrospinal fluid. Although the blood–brain barrier is impermeable to H+ ions, CO2 crosses it with ease. The CO2, in turn, reacts with water to form carbonic acid, which dissociates to form H+ and bicarbonate (HCO3−) ions. When the CO2 content of the blood rises, CO2 crosses the blood–brain barrier, liberating H+ ions that stimulate the central chemoreceptors. The excitation of the respiratory center due to CO2 is greatest during the first 1 to 2 days that blood levels are elevated, but it gradually declines over the next 1 to 2 days. Part of this decline results from renal compensatory mechanisms that readjust the blood pH by increasing blood bicarbonate levels. PaCO2 > 70 mmHg leads to paralysis of respiratory centre and arrest of ventilation.
Dyspnea

Dyspnea represents changes of rhythm, amplitude and frequency of external breathing concomitantly with increased effort of respiratory muscles associated with a characteristic subjective feeling of lack of satisfaction from breathing process. In other words dyspnea is a subjective sensation or a person’s perception of difficulty in breathing that includes the perception of labored breathing and the reaction to that sensation. The terms dyspnea, breathlessness, and shortness of breath often are used interchangeably. 

Dyspnea is observed in at least three major cardiopulmonary disease states: primary lung diseases such as pneumonia, asthma, and emphysema; heart disease that is characterized by pulmonary congestion; and neuromuscular disorders such as myasthenia gravis and muscular dystrophy that affect the respiratory muscles. Although dyspnea commonly is associated with respiratory disease, it also occurs during exercise, particularly in untrained persons. According to these there can be distinguished central dyspnea, pulmonary and extrapulmonary dyspnea.

Central dyspnea is due to changes in the excitability of respiratory center and interrelations between inspiratory and expiratory neurons. 
Pulmonary dyspnea is due to changes at the level of the lung parenchyma (fibrosis, inflammation, cancer) or airways (obstruction).
 Extrapulmonary dyspnea can be cardiac dyspnea related to insufficiency of cardiac output (heart failure, heart defects with right-left shift etc…) and extracardiac which is characteristic for any type of hypoxia (except the cardiac hypoxia), anemia, metabolic acidosis.

The cause of dyspnea is unknown. Three types of mechanisms have been proposed to explain the sensation: 

1 - Stimulation of lung receptors; these receptors are stimulated by the contraction of bronchial smooth muscle, the stretch of the bronchial wall (stretch receptors), pulmonary congestion, and conditions that decrease lung compliance (juxtacapillary receptors or J receptors).

2 - Increased sensitivity to changes in ventilation perceived through central nervous system mechanisms; focuses on central nervous system mechanisms that transmit information to the cortex regarding respiratory muscle weakness or a discrepancy between the increased effort of breathing and inadequate respiratory muscle contraction. Chemoreceptors in the carotid bodies and medulla are activated by hypoxemia, acute hypercapnia, and acidemia. Stimulation of these receptors, as well as others that lead to an increase in ventilation, produce a sensation of air hunger.

3 - Stimulation of neural receptors in the muscle fibers of the intercostals and diaphragm and of receptors in the skeletal joints. Metaboreceptors, located in skeletal muscle, are believed to be activated by changes in the local biochemical milieu of the tissue active during exercise and, when stimulated, contribute to the breathing discomfort. These receptors, once stimulated, transmit signals that bring about an awareness of the breathing discrepancy.
Central respiratory failure develops in cases of direct injuries/disorders of the CNS. Disorders of the respiratory center can be caused by pathological processes localized at any level of the respiratory reflex arch: receptors, afferent pathways, central nervous centers, efferent pathways. Direct causes of functional disorders of the respiratory center are direct injuries of this (encephalitis, cranio-cerebral traumas, intracerebral hypertension, severe hypoxia, coma, overdose of sleeping pills, sedatives, anesthesia). Strong excitatory stimuli for respiratory center are hypercapnia, increased concentration of H+ ions and hypoxemia. 
Disturbances in pulmonary ventilation due to disorders in central regulation of breathing (reactive changes of breathing)

Numerous factors influence the respiratory neurons in the medulla oblongata:

· Ventilation is increased by acidosis, hypercapnia, hypoxia, and a decrease of Ca2+ and Mg2+ in cerebrospinal fluid (CSF). Pain, intensive cold or heat stimuli to the skin, an increase or moderate fall in body temperature, a drop in blood pressure, and muscular activity (joint innervation) all increase ventilation. Other stimulating factors are epinephrine and norepinephrine in the blood, histamine, acetylcholine and prostaglandins in the central nervous system, progesterone, testosterone, and corticotropin (Fig.1).

· Ventilation is reduced by alkalosis, hypocapnia, peripheral hyperoxia, and Ca2+ and Mg2+ increase in the CSF. Hypoxia in the CNS, deep hypothermia, and rise in blood pressure, ganglion blockers as well as high concentrations of atropine, catecholamines, endorphins and glycine in the CNS also diminish ventilation.

Damage or massive stimulation of the respiratory neurons can cause pathological breathing (Fig.1):

· Kussmaul breathing is an adequate response of the respiratory neurons to metabolic acidosis. The depth of the individual breaths is greatly increased but breathing is regular.

· Cheyne–Stokes breathing is irregular. The depth of breathing periodically becomes gradually deeper and then gradually more shallow. It is caused by a delayed response of respiratory neurons to changes in blood gases resulting in an overshooting reaction. It occurs when there is hypoperfusion of the brain, or when breathing is regulated by a lack of oxygen.

· Biot breathing consists of a series of normal breaths interrupted by long pauses. It is an expression of damage to respiratory neurons.

· Gasping also signifies a marked disorder in the regulation of breathing.
Terms for various breathing activities

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)
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Fig.1 Disturbances in pulmonary ventilation due to disturbances in central breathing regulation 

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)

Obstructive versus restrictive pulmonary diseases

Based on pulmonary function tests, chronic non-infectious diffuse pulmonary diseases can be classified in one of two categories:

 (1) Obstructive diseases (or airway diseases), characterized by an increase in resistance to airflow due to partial or complete obstruction at any level, from the trachea and larger bronchi to the terminal and respiratory bronchioles. The major diffuse obstructive disorders are emphysema, chronic bronchitis, bronchiectasis, and asthma. In patients with these diseases, total lung capacity and forced vital capacity (FVC) are either normal or increased, and the hallmark is a decreased expiratory flow rate, usually measured by forced expiratory volume at 1 second (FEV1). Thus, the ratio of FEV1 to FVC (Tiffneau index) is characteristically decreased. Expiratory obstruction may result either from anatomic airway narrowing, classically observed in asthma, or from loss of elastic recoil, characteristic of emphysema.
 (2) Restrictive diseases, characterized by reduced expansion of lung parenchyma (reduced compliance) and/or thorax with decreased total lung capacity. Restrictive diseases are identified by reduced FVC and FEV1. Hence, the ratio of FEV1 to FVC is near normal. Restrictive defects occur in two general conditions:

 (1) Chest wall disorders (neuromuscular diseases such as poliomyelitis, severe obesity, kyphoscoliosis), pleural diseases like pneumothorax, hydrothorax, etc.- so called extraparenchymatous restriction;

(2) Chronic interstitial and infiltrative diseases, such as pneumoconioses and interstitial fibrosis of unknown etiology – intraparenchymatous restriction.

Restrictive respiratory failure develops in case of ventilator restriction induced by pathological processes localized at the level of the neuromuscular apparatus, thoracic cage, pleura and pulmonary parenchyma.

Respiratory muscular apparatus can be affected at the level of the CNS of peripheral level, at the level of the neuromuscular transmission or directly at the level of respiratory muscles. 

Diaphragm represents the major respiratory muscle and has a vital role in the body after the heart. Diaphragm dysfunction can develop in cases of medullary cord injuries, poliomyelitis, and direct disorders of the phrenic nerve. Bilateral paralysis of the diaphragm is incompatible with life. From pathological processes which disturb neuromuscular transmission at the level of the diaphragm and intercostal muscles can be counted intoxications with anticolinesterazic drugs, botulin toxin, neuritis and myositis.Every disorder in the diaphragm and intercostal muscles function leads to ventilatory disturbances by reducing respiratory movements of the thoracic cage and inability to create a negative intrathoracic pressure enough to perform inspiration.

Extraparenchymatous pulmonary restriction is induced by disorders of thoracic cage, disorders in the neuromuscular transmission, disorder of the pleura. In case of restrictive disorders, the total compliance of the respiratory system is reduced this reducing finally the lung volumes. Disorders of the pleura lead to dehermetization of the pleural space or intra-pleural hypertension. In both situation there develop compression or even collabation of the lungs, limitation of thoracic movements with hypoventilation. The most frequent forms of pleural disorders which induce restrictive respiratory failure are pleural effusion, pneumothorax, hemotorax and tumors. 

Pleural effusion (pleural collection) represents accumulation of liquid in the pleural space and is represented by transudate (plasma ultrafiltrate in the pleural cavity which is induced by congestive cardiac disorders, liver cirrhosis, atelectasis, nephrotic syndrome) and exudate (inflammatory liquid which develop in pleuritis, parapneumonia, malign tumors). 

Pneumothorax develops in the result of air accumulation in the pleural space because of defects at the level of the thoracic cage or injuries of the bronchi which communicates with the pleural cavity. Communication of pleural space with atmosphere leads to annihilation of the pressure gradient between the alveoli and atmosphere, this reducing or even make impossible the inspiration (in bilateral pneumothorax). 

Intraparenchymatous pulmonary restriction. Alveoli, as others anatomical structures of the thoracic cage have two main properties: compliance and elasticity. 

Compliance (dystensibility) is the ability to stretch under the influence of an applied force, this allowing to increase the volume and filling of the lungs with atmospheric air during inspiration. Reduced compliance will reduce the extensibility such reducing the lungs movements – pulmonary restriction which leads to restrictive ventilatory disorders. 

Intraparenchymatous pulmonary restriction represents reducing of the total compliance of the respiratory apparatus as a result of reduced compliance and elasticity of the lungs. It can be found in diffuse pulmonary disorders and is the result of excessive growth of the elastic force of the lungs which is not equilibrated by centriphugal force of the thoracic cage these leading to reduction of all lung volumes. 

Causes of restrictive pulmonary disorders are: systemic diseases (collagenosis – scleroderma, systemic lupus erythematous, rheumatoid arthritis), drugs (nitrophuranes, gold, methotrexate, cyclophosphamide), primary pulmonary disorders (sarcoidosis, pulmonary vasculitis, obliterant bronchiolitis), disorders induced by anorganic dusts (silicosis, asbestosis, pneumoconiosis), acute interstitial pneumonia, lymphocyte interstitial pneumonia, pneumonitis. 

Pulmonary restriction reduces lung filling with air and concomitantly reduces the alveolar surface which is ventilated and has perfusion, because just these alveoli are able to perform gas exchange. Restrictive disorders are characterized by reduced total pulmonary volume, reduced vital capacity, reduce tidal volume and reduced residual functional volume of the lungs with preservation of normal resistance at the level of the airways. Finally, there is reduced diffusion abilities of the lung, vascular resistance will increase, breathing becoming more frequent and shallow (Fig.2). 
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Fig.2 Causes and effects of restrictive lung diseases

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)

 Restrictive disorders lead to reduced respiratory volume accompanied by reduction of total lung volume, ventilation-perfusion mismatch, development of intrapulmonary shunt, disorders in O2 diffusion, moderate hypoxemia in resting condition which becomes severe in physical effort. In response to hypoxemia there develop pulmonary hyperventilation which maintain the minute-volume of the breathing in condition when there is reduced lung ventilation by accelerating the breathing rate. 

Pulmonary restriction of every etiology leads to restrictive pulmonary failure. From pathological processes which lead to intrapulmonary restriction can be counted pneumosclerosis, atelectasis and pulmonary edema.

Pneumosclerosis represents the pathological process characterized by abundant growth of the conjunctive tissue at the level of the lung interstitium, alveolar septa and blood vessels. Causes of pneumosclerosis are inflammatory processes in the lung parenchyma (pneumonia), hemo – and lymphocirculatory disturbances (long time venous hyperemia, blood stasis and lymphostasis), lung infarction, presence of xenobionts (silicosis, antracosis, asbestosis), acute respiratory distress syndrome (ARDS), allergic inflammation etc… cells involved in the inflammatory response (macrophages, lymphocytes, neutrophils) release cytokines which trigger fibroblast proliferation with hyperproduction of collagen fibers concomitantly with reduction of alveolar structures. 

Pneumosclerosis disturbs all respiratory functions – ventilation, perfusion, diffusion. So, abundant growth of the conjunctive tissue reduces both, lung compliance and elasticity of the lung parenchyma these leading to decreased respiratory volumes, hypoventilation, increased residual lung volume. 

Atelectasis (Collapse)

Atelectasis refers either to incomplete expansion of the lungs (neonatal atelectasis) or to the collapse of previously inflated lung, producing areas of relatively airless pulmonary parenchyma. Acquired atelectasis, encountered principally in adults, may be divided into resorption (or obstruction), compression, and contraction atelectasis (Fig.3).
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Fig.3 Various forms of acquired atelectasis. 
Dashed lines indicate normal lung volume.

(From Robbins-Cotran; Pathologic basis of disease)
Resorption atelectasis is the consequence of complete obstruction of an airway, which in time leads to resorption of the oxygen trapped in the dependent alveoli, without impairment of blood flow through the affected alveolar walls. Since lung volume is diminished, the mediastinum shifts toward the atelectatic lung. Resorption atelectasis is caused principally by excessive secretions (e.g., mucus plugs) or exudates within smaller bronchi and is therefore most often found in bronchial asthma, chronic bronchitis, bronchiectasis, postoperative states, aspiration of foreign bodies and, rarely, in bronchial neoplasms.

Compression atelectasis results whenever the pleural cavity is partially or completely filled by fluid exudate, tumor, blood, or air (the last-mentioned constituting pneumothorax) or, with tension pneumothorax, when air pressure impinges on and threatens the function of the lung and mediastinum, especially the major vessels. With compressive atelectasis, the mediastinum shifts away from the affected lung.

Contraction atelectasis occurs when local or generalized fibrotic changes in the lung or pleura prevent full expansion.

Significant atelectasis reduces oxygenation and predisposes to infection. Because the collapsed lung parenchyma can be re-expanded, atelectasis is a reversible disorder (except that caused by contraction).

Pulmonary edema represents excessive accumulation of fluid of vascular origin in the lung interstitium or cavity of lung alveoli. 

Factors which lead to development of pulmonary edema are numerous:

· Factors which induce increase of hydrostatic pressure in the pulmonary capillaries (congestive factors, cardiogenic pulmonary edema);

· Factors which increase permeability of vascular wall) membranogen factor, toxic pulmonary edema) – inhalation of nitrogen oxides, hyperoxia, water aspiration of aspiration of gastric juice, action of different endotoxins, ionizing radiation. In all these cases pulmonary edema develop in condition of normal pressure at the level of capillaries of pulmonary circulation;
· Increased onco-osmotic pressure in the interstitial tissue or reduced oncotic pressure of the blood plasma (osmotic factor of edema);

· Blockage of lymphatic drainage (lymphogenic factor).

Pulmonary edema reduces lung ventilation by decreasing alveolar space, and dilution of surfactant reduces elasticity of alveolar parenchyma. Meantime, presence of edematous liquid in the alveoli impedes alveolar-capillary diffusion, especially diffusion of O2. 
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Fig.4 Mechanisms and manifestations of pulmonary edema

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)

Obstructive respiratory failure

Obstructive respiratory failure is the result of upper (superior) or lower (inferior) airway obstruction. Airways serve for passage of atmospheric air into alveoli and represent air conducting system (just at the level of respiratory bronchioles can be performed partly gas exchange) formed from larynx, trachea, main bronchi, lobar, segmentary, terminal and respiratory bronchioles. The last branches into 2-11 alveolar ducts which form alveolar sacks formed from alveoli – morphofunctional units where gas exchange is performed. Airways are protected from collabation by cartilaginous frame which is present just in bronchiole with caliber more than 1 mm. All structures of the airways, apart from alveolar ducts, possess smooth muscles and just alveoli do not possess contractility. Terminal and respiratory bronchioles are endowed with smooth muscles but are lacking cartilaginous framework, these making possible their complete spasm such as happening in bronchial asthma. 

Airways possess aerodynamic mechanic resistance which is in direct relation with diameter of airways (increases in bronchial spasm) as well as characteristics of the air flow (increases in turbulent air flow) etc..

Major manifestation of airway disorder is represented by obstruction. 
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Fig.5 Pathogenesis of obstructive lung disease (overview)

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)

Obstruction represents increased resistance of airways which impede or make impossible pulmonary ventilation. In the result of airway obstruction develop obstructive respiratory failure. 

Upper airway obstruction can be total or partial. This can be caused by tongue atony during sleeping, comatose states, anesthesia; presence of foreign bodies (tooth, dental prosthesis etc…), food in the trachea; obstruction of airways with mucus, vomiting masses; tumefaction of bronchial mucosal layer (inflammation), larynx edema.  Obstruction of upper airways can be induced also by factors which compress the bronchial tree like tumors of surrounding tissues or mediastinal tumors, hypertrophy of thyroid gland, retropharyngeal abscess, stenosis of larynx and trachea, thermic burns of airways, chemical injuries with formation of excessive conjunctive tissue. Very frequently there can be induced by laryngeal spasm, spasm of the vocal cords which can have psychogenic nature (hysteria) or reflex spasm at excitation of nervous ending from naso-pharyngeal mucosa under the influences of irritative substances (unpleasant, strident smells, smoke, etc.).

Pathogeny. In case of upper airways obstruction there is characteristic increased resistance to air flow, these needing an additional respiratory effort. So, in case of two times bronchial diameter reduction the airway resistance will increase 16 times. That is why; even a light reduction of airway lumen diameter will substantially enhance resistance. From this point of view a high risk presents the airways located proximally to trachea bifurcation which possess about 80% from total bronchial tree resistance. 

One of characteristic signs which develop in case of superior airway obstruction is dyspnea. 

In obstruction of large bronchi (ex. endobronchyal growth of tumors) ventilation at the level of corresponding lung segment or lobe is disturbed, trapped alveolar air will be reabsorbed and the lung will collabate–will develop obstructive atelectasis.

Obstruction of trachea or larynx (by foreign bodies, edema, tumors etc…) leads to lethal disturbances of ventilation – asphyxia. 

Asphyxia represents acute respiratory failure characterized by disorders of O2 supply (hypoxemia) and remove of CO2 (hypercapnia). In evolution of asphyxia can be recognized several stages. First stage is characterized by accelerated and profound breathing with predominance of inspiration – inspiratory dyspnea. The second stage is characterized by gradually decreasing of respiratory frequency with preservation of maximal amplitude of breathing but with predominance of expiration – expiratory dyspnea. In the third stage to reduced breathing frequency will associate reduced amplitude of respiratory movements – this stage leads progressively to respiratory arrest (terminal pause), followed by a short time reestablishment of respiratory movements (agonal breathing, terminal breathing, gasping) after which will develop the last stage of asphyxia – definitive respiratory arrest which leads to clinical death.

Obstruction of inferior airways

Obstruction of inferior airways represents the pathogeny of asthmatic syndrome. Obstruction of inferior airways can be induced by pathological processes which narrow the lumen of inferior airways – spasm, tumefaction or inflammation.

Pathogeny of asthmatic syndrome consists in hyperreactivity and inflammation of the inferior airways with involvement of mast cells, eosinophils, T lymphocytes, macrophages, neutrophils and epithelial cells. In susceptible persons inflammation induces recurrent episodes of dyspnea, hard breathing, cough especially during night or in the morning. 

Asthmatic syndrome is characterized by narrowing of the small respiratory airways (sub-segmentary and terminal bronchioles) induced by their spasm, mucus accumulation and mucosal tumefaction. In plus, expiration is accompanied by supplementary obstruction, the pathogeny of which consists in the fact that snmall airways lack cartilaginous framework, this is why excessive pressure which is created in the lungs during expiration will compress them till total collapse. The same role has mucus drop mechanisms located at the level of bronchial orifice which acts as a valve – during inspiration this droplet move toward alveoli, such not impeding inspiration process, while during expiration mucus droplet move back into bronchial orifice such impeding expiration. Every chronic expiratory disorder leads to lung hyperinflation and increased residual volume – pulmonary emphysema. 

A common consequence for all superior or inferior airways obstruction is obstructive respiratory failure. 

