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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

The primary function of the respiratory system is to exchange 

oxygen and carbon dioxide between the body and the environment. 

Postoperative respiratory dysfunction is a well recognized side 

effect of cardiac operations. About 25% of patients who do not present 

any severe cardiac dysfunction following open heart surgery are 

reported to have a significant respiratory impairment for eat least one 

week after operation ( ( ( (Rubens and Mesana, 2004)Rubens and Mesana, 2004)Rubens and Mesana, 2004)Rubens and Mesana, 2004). 

Pulmonary injury after cardiopulmonary bypass (CPB) is a 

common complication in patients undergoing cardiac surgery and is 

associated with low arterial oxygen tension (PaO2) or high carbon 

dioxide tension (PCO2), which can continue for several days, leading to 

prolonged mechanical ventilation. Inflammatory response to CPB 

((((Nakanishi et al., 2006)Nakanishi et al., 2006)Nakanishi et al., 2006)Nakanishi et al., 2006) and ischemic damage of the lungs have been 

considered as major causes of respiratory failure after cardiac surgery, 

and there have been numerous reports of successful reduction of post- 

CPB lung injury by controlling inflammatory response or pulmonary 

ischemia. Nevertheless, few of these treatments or strategies have been 

applied in clinical practice (Shoji et al., 2005). (Shoji et al., 2005). (Shoji et al., 2005). (Shoji et al., 2005).    

The incidence of ALI in patients undergoing anesthesia with 

preoperative P/F ratios < 300 is approximately 20%. These patients are 

managed in a similar format that does not use LPVS regardless of the 
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etiology of their hypoxia, and the Vt settings appear to mirror the 

ventilator settings provided to patients in the ICU. Overall, it appears 

risk factors for mortality at 90 days include increased PIP and 

preexisting ALI. Further study is required to determine if the use of 

LPVS intraoperatively has a substantive impact in reducing mortality of 

hypoxic patients who undergo surgery both with and without ALI 

(Blum, 2011).(Blum, 2011).(Blum, 2011).(Blum, 2011). 

Intensive care unit (ICU) ventilator management of patients with 

ALI involves minimizing ventilator associated lung injury by using lower 

tidal volumes (VT) of 6 ml/kg predicted body weight (PBW) and 

limiting plateau pressures to less than 30 cm H2O combined with 

moderate positive end-expiratory pressure (PEEP) in a lung protective 

ventilation strategy (LPVS) (Dos Santos, 2008).(Dos Santos, 2008).(Dos Santos, 2008).(Dos Santos, 2008). 

In addition, aggressive PEEP and recruitment maneuvers have 

been successfully used to improve oxygenation while reducing potential 

oxygen toxicity and alveolar shear stress, although they have not been 

found to provide mortality benefit (Mercat, 2008).(Mercat, 2008).(Mercat, 2008).(Mercat, 2008). 

Reinstitution of tracheal intubation and mechanical ventilation 

increases the use of intensive care unit and hospital resources and 

severely affects morbidity and mortality (Hein et al., 2006)(Hein et al., 2006)(Hein et al., 2006)(Hein et al., 2006).  

Noninvasive positive pressure ventilation (NPPV) has become a 

standard of care in acute respiratory failure (Hess et al., 2004).(Hess et al., 2004).(Hess et al., 2004).(Hess et al., 2004). 

However, little and controversial data are available on its usefulness in 
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post-extubation failure after major surgery and in particular after cardiac 

procedures (Keenan et al., 2004).(Keenan et al., 2004).(Keenan et al., 2004).(Keenan et al., 2004). 

A large number of pharmacologic therapies have been evaluated 

in clinical trials for the treatment of ALI/ARDS. These treatments 

include glucocorticoids, surfactants, inhaled nitric oxide, antioxidants, 

protease inhibitors, and a variety of other anti-inflammatory treatments. 

Unfortunately, to date none of these pharmacologic treatments has 

proven to be effective (Cepkova & M(Cepkova & M(Cepkova & M(Cepkova & Matthay, 2006),atthay, 2006),atthay, 2006),atthay, 2006), although some 

of them may be effective in a subgroup of patients with specific causes 

of lung injury that might make them more responsive than others. 

However, despite the lack of a specific pharmacologic treatment, lung-

protective ventilation has reduced the mortality of ALI from 40% in 

2000 to 25% in 2006 (Wheeler et al., 2006).(Wheeler et al., 2006).(Wheeler et al., 2006).(Wheeler et al., 2006).    

One of the most promising fields of research in acute lung injury 

is the use of adult mesenchymal stem cells (MSC) in the treatment of 

ALI and ARDS. Preclinical studies suggest that MSC may have a role in 

the treatment of ALI. Although the experimental data suggest a 

potential benefit of MSC cell-based therapy for ALI, further studies are 

needed to evaluate the mechanisms and pathways of benefit and to test 

both safety and efficacy (Lee et al., 2009).(Lee et al., 2009).(Lee et al., 2009).(Lee et al., 2009).  
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RESPIRATORY PHYSIOLOGYRESPIRATORY PHYSIOLOGYRESPIRATORY PHYSIOLOGYRESPIRATORY PHYSIOLOGY    

The primary function of the respiratory system is to exchange 

oxygen and carbon dioxide between the body and the environment. 

Respiration as a term generally used includes two processes: 

1- ExternExternExternExternal Respirational Respirational Respirational Respiration: It is concerned with the exchange of gas 

between the environment and the lungs, the transfer of gases 

across the respiratory membranes and the transport of gases by the 

blood to and from the body cells. 

2222---- Internal respiration:Internal respiration:Internal respiration:Internal respiration: It is concerned with the oxygen consumption 

by the body cells through metabolic transformation ((((BoyleBoyleBoyleBoyle, , , , 

1997).1997).1997).1997).    

    
FigureFigureFigureFigure----1: Diagrammatic representation of the process of ventilation, diffusion 1: Diagrammatic representation of the process of ventilation, diffusion 1: Diagrammatic representation of the process of ventilation, diffusion 1: Diagrammatic representation of the process of ventilation, diffusion 

and perfusion in the lung (Guyton, 2006).and perfusion in the lung (Guyton, 2006).and perfusion in the lung (Guyton, 2006).and perfusion in the lung (Guyton, 2006).    
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Functional Respiratory AnatomyFunctional Respiratory AnatomyFunctional Respiratory AnatomyFunctional Respiratory Anatomy    

The stThe stThe stThe structure of the chest wallructure of the chest wallructure of the chest wallructure of the chest wall    

The lungs are not capable of inflating themselves; inflation is 

achieved by changing the dimensions of the chest wall by means of the 

respiratory muscles. The principal respiratory muscles are the diaphragm 

and the internal and external intercostal muscles. The external 

intercostal muscles are arranged in such a way that they lift the ribs 

upwards and outwards as they contract. The internal intercostal muscles 

pull the ribs downwards, in opposition to the external intercostal 

muscles. In addition, some other muscles, which are not involved during 

normal quiet breathing, may be called upon during exercise. These are 

the accessory muscles, which assist inspiration and the abdominal 

muscles, which assist expiration ( ( ( (GuytonGuytonGuytonGuyton, , , , 2006).2006).2006).2006).    

The chest wall is lined by a membrane called the parietal pleura. 

This is separated from the visceral pleura (which cover the lungs) by a 

thin layer of liquid which serves to lubricate the surfaces of the pleural 

membranes as they move during respiration. The total volume of 

intrapleural fluid is about 10 ml. It is an ultrafiltrate of plasma and is 

normally drained by the lymphatic system that lies beneath the visceral 

pleura. The pleural membranes themselves are joined at the roots of the 

lungs. They consist of two layers of collagenous and elastic connective 

tissue. Beneath the visceral pleura lies the limiting membrane of the lung 

itself which, together with the visceral pleura, limits the expansion of 
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the lungs. The lungs are separated from the chest wall only by the 

pleural membranes ((((GuytonGuytonGuytonGuyton, , , , 2006).2006).2006).2006).    

The Structure of the airwayThe Structure of the airwayThe Structure of the airwayThe Structure of the airway    

The trachea and the primary bronchi are held open by C-shaped 

rings of cartilage. In the smaller bronchi, this role is taken by overlapping 

plates of cartilage. The bronchioles, which are less than 1 mm diameter, 

have no cartilage. The absence of cartilage from the bronchioles allows 

them to be easily collapsed when the pressure outside the lung exceeds 

the pressure in the airways; this happens during a forced expiration 

((((GuytonGuytonGuytonGuyton, , , , 2006).2006).2006).2006). 

Humidification and filtering of inspired air are functions of the 

upper airway (nose, mouth, and pharynx). The function of the 

tracheobronchial tree is to conduct gas flow to and from the alveoli. 

Dichotomous division (each branch dividing into two smaller branches), 

starting with the trachea and ending in alveolar sacs, is estimated to 

involve 23 divisions, or generations. With each generation, the number 

of airways is approximately doubled. Each alveolar sac contains, on 

average, 17 alveoli. An estimated 300 million alveoli provide an 

enormous membrane (50–100 m2) for gas exchange in the average 

adult ( ( ( (Morgan et al.Morgan et al.Morgan et al.Morgan et al., , , , 2005)2005)2005)2005). 
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AlveoliAlveoliAlveoliAlveoli    

Alveolar size is a function of both gravity and lung volume. The 

average diameter of an alveolus is thought to be 0.05–0.33 mm. In the 

upright position, the largest alveoli are at the pulmonary apex, whereas 

the smallest tend to be at the base. With inspiration, discrepancies in 

alveolar size diminish ( ( ( (Morgan et al.Morgan et al.Morgan et al.Morgan et al., , , , 2005200520052005). 

Each alveolus is in close contact with a network of pulmonary 

capillaries. The walls of each alveolus are asymmetrically arranged. On 

the thin side, where gas exchange occurs, the alveolar epithelium and 

capillary endothelium are separated only by their respective cellular and 

basement membranes; on the thick side, where fluid and solute 

exchange occurs, the pulmonary interstitial space separates alveolar 

epithelium from capillary endothelium. The pulmonary interstitial space 

contains mainly elastin, collagen, and perhaps nerve fibers. Gas exchange 

occurs primarily on the thin side of the alveolocapillary membrane, 

which is less than 0.4 m thick. The thick side (1–2 m) provides 

structural support for the alveolus ((((Morgan et al.Morgan et al.Morgan et al.Morgan et al., , , , 2005).2005).2005).2005).    

The pulmonary epithelium contains at least two cell types. Type I 

pneumocytes are flat and form tight (1-nm) junctions with one another. 

These tight junctions are important in preventing the passage of large 

oncotically active molecules such as albumin into the alveolus. Type II 

pneumocytes, which are more numerous than type I pneumocytes (but 

because of their shape occupy less than 10% of the alveolar space), 


