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                    Abstract
The importance of respiratory, chiefly inspiratory, muscle fatigue has become well recognized in the last decade. If inspiratory muscles fail, so does ventilation. Neuromuscular fatigue had previously been defined as the inhability to maintain the required or expected force or power output, which follows a sustained muscular contraction and is reversible by rest. In this regard, fatigue of the inspiratory muscles had been defined as the inability to continue to generate sufficient pressure for an adequate alveolar ventilation. Recently, the definition of muscle fatigue has been revised; it is defined as a condition in which there is a loss in the capacity for developing force and/or velocity of a muscle, resulting from muscle activity under load and which is reversible by rest [1]. According to this definition, fatigue may be present at a time considerably preceding the point in time at which a muscle is unable to continue to perform a particular task (exhaustion or task failure). In applying this concept to the inspiratory muscles, one concludes that they may be fatigued before there is hypercapnia (task failure) due to inadequate alveolar ventilation. Furthermore, it is now clear that during fatigue from dynamic contractions the maximum force and velocity of shortening often change independently, whereas previous definition implied that force and power output necessarily change in parallel. Fatigue should be distinguished from muscle weakness, which is defined as a condition in which the capacity of a rested muscle to generate force is decreased [1], although the presence of such muscle weakness may predispose to muscle fatigue.
Keywords
	Respiratory Muscle
	Muscle Fatigue
	Inspiratory Muscle
	Central Fatigue
	Peripheral Fatigue

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.




                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 84.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 109.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    
                        
                            
                                Preview

                                
                                    
                                        Unable to display preview. Download preview
                                            PDF.

                                    
                                    Unable to display preview. Download preview
                                        PDF.

                                

                            

                        
                    

                    
                        
                    

                    

                    

                    References
	NHLBI Workshop (1990) Respiratory muscle fatigue: report of the respiratory muscle fatigue workshop group. Am Rev Respir Dis 142:474–480

                    Google Scholar 
                

	Davies HW, Haldane JS, Priestly JG (1919) The response to respiratory resistance. J Physiol London 53:60–69
PubMed 
    CAS 
    
                    Google Scholar 
                

	Davies HW, Brown GR, Bringer CAL (1925) The respiratory response to carbon dioxide. J Exp Med 41:37–52
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bellemare F, Bigland-Ritchie B (1987) Central components of diaphragmatic fatigue assessed by phrenic nerve stimulation. J Appl Physiol 62 (3): 1307–1316
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bigland-Ritchie B, Jones DA, Hosking GP, Edwards RHT (1978) Central and peripheral fatigue in sustained maximal voluntary contractions of human quadriceps muscle. Clin Sci Mol Med 54:609–614
PubMed 
    CAS 
    
                    Google Scholar 
                

	Merton PA (1954) Voluntary strength and fatigue. J Physiol London 13:553–564

                    Google Scholar 
                

	Bellemare F, Bigland-Ritchie B (1984) Assessment of human diaphragm strength and activation using phrenic nerve stimulation. Respir Physiol 58:263–277
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Merton PA, Hill DK, Morton HB (1981) Indirect and direct stimulation of fatigued human muscle. In: Porter R, Whelan J, (eds) Human Muscle Fatigue: Physiological mechanisms, Pitman Medical, London (Ciba Found Symp 82) pp 120–126

                    Google Scholar 
                

	Roussos C (1990) Respiratory muscle fatigue and ventilatory failure. Chest 97 (Suppl 3): 89–96

                    Google Scholar 
                

	Bigland-Ritchie B, Johannsson R, Lippold OCL, Woods JJ (1983) Contractile speed and EMG changes during fatigue of sustained maximal voluntary contractions. J Neurophysiol 50:313–324
PubMed 
    CAS 
    
                    Google Scholar 
                

	Grimby L, Hannerz J, Hedman B (1981) Fatigue and voluntary discharge properties of single motor units in man. J Physiol London 316:543–554

                    Google Scholar 
                

	Jammes Y, Buchler B, Delpierre S, Rasidakis A, Grimand C, Roussos C (1986) Phrenic afferents and their role in inspiratory control. J Appl Physiol 60:854–860
PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Trippenbach T, Roussos C (1981) Respiratory muscle fatigue during cardiogenic shock. J Appl Physiol 51:449–508

                    Google Scholar 
                

	Cohen C, Zagelbaum G, Gross D, Roussos C, Macklem PT (1982) Clinical manifestations of inspiratory muscle fatigue. Am J Med 73:308–316
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Otis AB (1954) The work of breathing. Physiol Rev 34:449–458
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mead J (1960) Control of respiratory frequency. J Appl Physiol 15:325–336

                    Google Scholar 
                

	Bigland-Ritchie B, Bellemare F, Woods JJ (1981) Central and Peripheral fatigue in intermittent submaximal contractions. In: Porter R, Whelan J (eds) Human muscle fatigue: physiological mechanisms, Pitman Medical, London (Ciba Found Symp 82)

                    Google Scholar 
                

	Krnjevic K, Miledi R (1958) Failure of neuromuscular propagation in rats. J Physiol London 140:440–461
PubMed 
    CAS 
    
                    Google Scholar 
                

	Krnjevic K, Miledi R (1959) Presynaptic failure of neuromuscular propagation in rats. J Physiol London 288:285–300

                    Google Scholar 
                

	Hussain S, Simkus G, Roussos C (1985) Respiratory muscle fatigue: a cause of ventilatory failure in septic shock. J Appl Physiol 58:2033–2040
PubMed 
    CAS 
    
                    Google Scholar 
                

	Nassar-Gentina V, Passoneau JV, Vergard JL, Rapoport SI (1978) Metabolic correlates of fatigue and of recovery from fatigue in single frog muscle fibers. J Gen Physiol 72:593–606
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kugelberg E, Lindergren B (1979) Transmission and contraction fatigue of rat motor units in relation to succimate dehydrogenase activity of motor unit fibers. J Physiol London 288:285–300
PubMed 
    CAS 
    
                    Google Scholar 
                

	Wilkie D (1981) Shortage of chemical fuel as a cause of fatigue. In: Porter R, Whelan J (eds) Human muscle fatigue: physiological mechanisms, Pitman Medical, London (Ciba Found Symp 82) pp 102–114

                    Google Scholar 
                

	Aubier M, Farkas G, De Troyer A, Mozes R, Roussos C (1981) Detection of diaphragmatic fatigue in man by phrenic stimulation. J Appl Physiol 50:538–544
PubMed 
    CAS 
    
                    Google Scholar 
                

	Gutierrez G, Palizas F, Marini CE (1990) Cellular energy metabolism. Recent advances in the study of the diaphragm with magnetic resonance spectroscopy. Chest 97:975–982
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dawson MJ, Gardian DG, Wilkie DR (1978) Muscular fatigue investigated by phosphorous nuclear magnetic resonance. Nature London 274:863–866

                    Google Scholar 
                

	Hultman E, Bergstrom J, Mc Lennan-Anderson (1967) Breakdown and resynthesis of phos- phoryl-creatine and adenosine triphosphate in connection with muscular work in man. Scand J Clin Lab Invest 19:56–66
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bergstrom J, Hermansen L, Hultman E, Saltin B (1967) Diet, muscle glycogen and physical performance. Acta Physiol Scand 71:140–150
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Viires N, Syllie G, Mozes R, Roussos C (1982) Respiratory muscle contribution to lastic acidosis in low cardiac output. Am Rev Respir Dis 126:648–652
PubMed 
    CAS 
    
                    Google Scholar 
                

	Fitts RH, Holloszy JO (1976) Lactate and contractile force in frog muscle during development of fatigue and recovery. Am J Physiol 231:430–433
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jardim J, Farkas G, Prefaut C, Thomas D, Macklem PT, Roussos C (1981) The failing inspiratory muscles under normoxic and hypoxic conditions. Am Rev Respir Dis 124:274–279
PubMed 
    CAS 
    
                    Google Scholar 
                

	Nakamura Y, Schwartz A (1970) Possible control of intracellular calcium metabolism by (H+): sarcoplasmic reticulum of skeletal and cardiac muscle. Biophys Res Commun 41:830–839
Article 
    
                    Google Scholar 
                

	Robertson S, Kerrick W (1976) The effect of pH on submaximal and maximal Ca2+ activated tension in skinned frog skeletal fibers. Biophys J (Abstract) 16:73A

                    Google Scholar 
                

	Fabiato A, Fabiato F (1978) Effects of pH on the myofilaments and the sarcoplasmic reticulum of skinned cell from cardiac and skeletal muscles. J Physiol London 53:233–255

                    Google Scholar 
                

	Metzger JM, Fitts RH (1987) Role of intracellular pH in muscle fatigue. J Appl Physiol 62:1392–1397
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mainwood GW, Remaud JM (1985) The effect of acid-base balance on fatigue of skeletal muscle. Can J Physiol Pharmacol 63:403–416
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mainwood GW, Alward M (1982) Evidence for an extracellular mechanism for the action of H+ on recovery of muscles following fatigue. Can J Physiol Pharmacol 60:1720–1724
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fitzgerald RS, Howell S, Pike MM, Jacobus WE (1988) NMR study of rat diaphragm exposed to metabolic and compensated metabolic acidosis. J Appl Physiol 65:2278–2284
PubMed 
    CAS 
    
                    Google Scholar 
                

	Edwards RHT, Hill DK, Jones DA, Merton PA (1977) Fatigue of long duration in human skeletal muscle after exercise. J Physiol London 272:769–778
PubMed 
    CAS 
    
                    Google Scholar 
                

	Edwards RHT, Young A,. Hosking CP, Jones DA (1977) Human skeletal muscle function: description of texts and normal values. Clin Sei Mol Med 52:283–290
CAS 
    
                    Google Scholar 
                

	Edwards RHT, Mills KR, Newham DJ (1981) Greater low frequency fatigue produced by eccentric than concentric muscle contraction. J Physiol London 317:17

                    Google Scholar 
                

	Vigreux B, Cnockaert JC, Pertuzon E (1980) Effects of fatigue on the series elastic component of human muscle. Eur J Appl Physiol 45:11–17
Article 
    CAS 
    
                    Google Scholar 
                

	Moxham J, Wiles CM, Newham D, Edwards RHI (1980) Sternomastoid muscle function and fatigue in man. Clin Sei Mol Med 59:463–468
CAS 
    
                    Google Scholar 
                

	Aubier M, De Troyer A, Sampson M, Macklem PT, Roussos C (1981) Aminophylline improved diaphragmatic contractility. N Engl J Med 305:249–252
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Moxham J, Morris AJR, Spiro SG, Edwards RHT, Green M (1981) Contractile properties and fatigue of the diaphragm in man. Thorax 36:164–168
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Roussos C, Macklem PT (1986) Inspiratory muscle fatigue. In: Fishman AP, Macklem PT, Mead J, Geiger SR (eds) Handbook of Physiology. The Respiratory system: Mechanics of Breathing, part 2, American Physiological Society, Bethesda, pp 511–527

                    Google Scholar 
                

	Esau SA, Bellemare F, Grassino A, Permutt S, Roussos C, Pardy RL (1983) Changes in relaxation rate with diaphragmatic fatigue in humans. J Appl Physiol 54:1353–1360
PubMed 
    CAS 
    
                    Google Scholar 
                

	Esau SA, Bye PTP, Pardy RL (1983) Changes in rate of relaxation of sniffs with diaphragmatic fatigue in humans. J Appl Physiol 55:731–735
PubMed 
    CAS 
    
                    Google Scholar 
                

	Similowski T, Gauthier AP, Yan S, Macklem PT, Bellemare F (1990) Mouth pressure twich during phrenic stimulation in COPD patients. Eur Respir J (suppl 10) Abstract: 195s

                        Google Scholar 
                

	Lindstrom L, Kadefors R, Petersen I (1977) An electromyographic index for localized muscle fatigue. J Appl Physiol 43:750–754
PubMed 
    CAS 
    
                    Google Scholar 
                

	Gross D, Grassino A, Ross WRD, Macklem PT (1979) Electromyogram pattern of diaphragmatic fatigue. J Appl Physiol 46:1–7
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lindstrom L, Magnusson R, Petersen I (1970) Muscular fatigue and action potential conduction velocity changes studies with frequency analysis of EMG signal. Electromyography 10:341–355
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mortimer JT, Magnusson R, Petersen I (1970) Conduction velocity in ischemic muscle: effect on EMG frequency spectrum. Am J Physiol 219:1324–1329
PubMed 
    CAS 
    
                    Google Scholar 
                

	Wiles CM, Jones DA, Edwards RHT (1981) Fatigue in human metabolic myopathy. In: Porter R, Whelan J (eds) Human Muscle Fatigue: Physiological mechanisms, Pitman Medical, London (Ciba Found Symp 82) pp 264–282

                    Google Scholar 
                

	Bigland-Ritchie B, Donovan EF, Roussos C (1981) Conduction velocity and EMG power spectrum changes in fatigue of sustained maximal efforts. J Appl Physiol 51:1300–1305
PubMed 
    CAS 
    
                    Google Scholar 
                

	Roussos C (1979) Respiratory muscle fatigue in the hypercapnic patient. Bull Eur Physiopa- thol Respir 15:117–126

                    Google Scholar 
                

	Macklem PT (1990) The importance of defining respiratory muscle fatigue. Am Rev Respir Dis 142:274
PubMed 
    CAS 
    
                    Google Scholar 
                

	Moxham J, Edwards PHT, Aubier M et al (1982) Changes in EMG power spectrum (high- to-low ratio) with force fatigue in humans. J Appl Physiol 53:1094–1099
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lopes JM, Muller NL, Bryan MH, Bryan AC (1981) Synergistic behavior of inspiratory muscles after diaphragmatic fatigue in the newborn. J Appl Physiol 51:547–551
PubMed 
    CAS 
    
                    Google Scholar 
                

	Roussos C, Fixley M, Gross D, Macklem PT (1979) Fatigue of inspiratory muscles and their synergic behavior. J Appl Physiol 46:897–904
PubMed 
    CAS 
    
                    Google Scholar 
                

	Zocche GP, Fritts HW Jr, Cournand A (1960) Fraction of maximum breathing capacity available for prolonged hyperventilation. J Appl Physiol 15:1073–1074
PubMed 
    CAS 
    
                    Google Scholar 
                

	Tenney SM, Reese RE (1968) The ability to sustain great breathing efforts. Respir Physiol 5:187–201
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Leith DE, Bradley M (1976) Ventilatory muscle strength and endurance training. J Appl Physiol 41:508–516
PubMed 
    CAS 
    
                    Google Scholar 
                

	Farkas F, Roussos C (1984) Acute diaphragmatic shortening; in vitro mechanics and fatigue. Am Rev Respir Dis 130:434–438
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mc Gregor M, Becklake MR (1961) The relationship of oxygen cost of breathing to respiratory mechanical work and respiratory force. J Clin Invest 40:971–980
Article 
    CAS 
    
                    Google Scholar 
                

	Juan G, Calverley P, Talamo C, Schnader J, Roussos C (1984) Effect of carbon dioxide on diaphragmatic function in human beings. N Engl J Med 310:874–879
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Schnader JY, Juan G, Howell S, Fitzgerald R, Roussos C (1985) Alterial C02 partial pressure affects diaphragmatic function. J Appl Physiol 58:823–829
PubMed 
    CAS 
    
                    Google Scholar 
                

	Fitzgerald RS, Carfinkel F, Silbergeld E, Loscutoff S (1976) Factors in the interpretation of mouth occlusion pressure during measurements of chemosensitivity. Chest 70:145–149
PubMed 
    CAS 
    
                    Google Scholar 
                

	Fitzgerald RS, Hauer MC, Bierkamper GG, Raff H (1983) Rat diaphragm response to unbuffered acidosis/alkalosis. Federation Proc (Abstract) 42:422

                    Google Scholar 
                

	Aubier M, Viires N, Piquet J et al (1985) Effects of hypocalcemia on diaphragmatic strength generation. J Appl Physiol 58:2054–2061
PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Murciano D, Lecocguic Y et al (1985) Effect of hypophosphatemia on diaphragmatic contractility in patients with acute respiratory failure. N Engl J Med 313:420–423
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sigrist S, Thomas D, Howell S, Roussos C (1982) The effect of aminophilline on inspiratory muscle contractility. Am Rev Respir Dis 126:46–50
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jones DA, Howell S, Roussos C, Edwards RHT (1982) Low frequency fatigue in isolated skeletal muscles and the effects of methylxanthines. Clin Sci 63:161–167
PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Viires N, Murciano D, Seta JP, Pariente R (1986) Effects of digoxin on diaphragmatic strength generation. J Appl Physiol 61:1767–1774
PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Murciano D, Viires N et al (1987) Effects of digoxin on diaphragmatic strength generation in patients with chronic obstructive pulmonary disease during acute respiratory failure. Am Rev Respir Dis 135:544–548
PubMed 
    CAS 
    
                    Google Scholar 
                

	Howell S, Roussos C (1984) Isoproterenol and aminophylline improve contractility of fatigued canine diaphragm. Am Rev Respir Dis 129:118–124
PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Murciano D, Menu Y, Boczkowski J, Mai H, Pariente R (1989) Dopamine effects on diaphragmatic strength during acute respiratory failure in chronic obstructive pulmonary disease. Ann Intern Med 110:107–123

                    Google Scholar 
                

	Viires N, Aubier M, Murciano D, Marty C, Pariente R (1986) Effects of theophylline on isolated diaphragmatic fibers: a model for pharmacological studies on diaphragmatic contractility. Am Rev Respir Dis 133:1060–1064
PubMed 
    CAS 
    
                    Google Scholar 
                

	Murciano D, Aubier M, Lecocguic Y, Pariente R (1984) Effects of theophylline on diaphragmatic strength and fatigue in patients with chronic obstructive pulmonary disease. N Engl J Med 311:349–353
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Murciano D, Auclair MH, Pariente R, Aubier M (1989) A randomized controlled trial of theophylline in patients with severe chronic obstructive pulmonary disease. N Engl J Med 320:1521–1525
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Aubier M, Murciano D, Viires N, Lecocguic Y, Pariente R (1983) Diaphragmatic contractility enhanced by aminophylline: role of extracellular calcium. J Appl Physiol 54:460–464
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bradley ME, Leith DE (1987) Ventilatory muscle training and the oxygen cost of sustained hyperpnea. J Appl Physiol 45:885–892

                    Google Scholar 
                

	Bellemare F, Grassino A (1982) Evaluation of human diaphragm fatigue. J Appl Physiol 53:1196–1206
PubMed 
    CAS 
    
                    Google Scholar 
                

	Pardy RI, Rivington RN, Despas PJ, Macklem PT (1981) The effects of inspiratory muscle training on exercise performance in chronic airflow limitation. Am Rev Respir Dis 123:426- 433

                    Google Scholar 
                

	Keens TG, Bryan AC, Levison H, Ianuzzo CD (1978) Developmental pattern of muscle fiber types in human ventilatory muscles. J Appl Physiol 44:909–913
PubMed 
    CAS 
    
                    Google Scholar 
                

	Keens TG, Chen V, Patel P, O’Brien P, Levison H, Ianuzzo CD (1978) Cellular adaptations of the ventilatory muscles to a chronic increased respiratory load. J Appl Physiol 44:905–908
PubMed 
    CAS 
    
                    Google Scholar 
                

	Farkas G, Roussos C (1988) Adaptability of the hamster diaphragm to excercise and/or emphysema. J Appl Physiol 53:1263–1272

                    Google Scholar 
                

	Farkas G, Roussos C (1985) Histochemical and biochemical correlates of ventilatory muscle fatigue in emphysematous hamsters. J Clin Invest 74:1214–1220
Article 
    
                    Google Scholar 
                

	Lewis MI, Belman M J (1988) Nutrition and the respiratory muscles. Clin Chest Med 9 (2): 337–348
PubMed 
    CAS 
    
                    Google Scholar 
                

	Arora NS, Rochester DF (1982) Effect of body weight and muscularity on human diaphragm muscle mass, thickness, and area. J Appl Physiol 52:64–70
PubMed 
    CAS 
    
                    Google Scholar 
                

	Arora NS, Rochester DF (1982) Respiratory muscle strength and maximal ventilation in un- dernourised patients. Am Rev Respir Dis 126:5–8
PubMed 
    CAS 
    
                    Google Scholar 
                

	Armengaud MH, Rigaud D, Pariente R, Aubier M, Murciano D (1990) Effects of renutri- tion on respiratory and diaphragmatic function in patients with severe mental anorexia. Eur Respir J (suppl 10) (Abstract): 196

                        Google Scholar 
                

	Hoeppner VH, Cockcroft DW, Dosman JA, Cotton DJ (1984) Nighttime ventilation improves respiratory failure in secondary kyphoscoliosis. Am Rev Respir Dis 129:240–243
PubMed 
    CAS 
    
                    Google Scholar 
                

	Garay SM, Turino GM, Godling RM (1981) Sustained reversal of chronic hypercapnia in patients with alveolar hypoventilation syndromes. Am J Med 70:269–274
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dunkin LJ (1983) Home ventilatory assistance. Anaesthesia 38:644–649
PubMed 
    CAS 
    
                    Google Scholar 
                

	Marino W, Braun NMT (1982) Reversal of the clinical sequelae of respiratory muscle fatigue by intermittent mechanical ventilation. Am Rev Respir Dis 125:85

                    Google Scholar 
                

	Bach JR, Alba A, Bohatiuk J, Saporito L, Lee M (1987) Mouth intermittent positive pressure ventilation in the management of postpolio respiratory insufficiency. Chest 91:859–864
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Braun NMT, Marino WD (1984) Effect of daily intermittent rest of respiratory muscles in patients with severe chronic airflow limitation (CAL). Chest 85 (suppl 6):59s-60s
Article 
    
                    Google Scholar 
                

	Cropp A, Dimarco AF (1987) Effects of intermittent negative pressure ventilation on respiratory muscle function in patients with severe chronic obstructive pulmonary disease. Am Rev Respir Dis 135:1056–1067
PubMed 
    CAS 
    
                    Google Scholar 
                

	Gutierrez M, Boroiza T, Contreras G et al (1988) Weekly cuirass ventilation improves blood gases and inspiratory muscle strength in patients with chronic air-flow limitation and hyper- carbia. Am Rev Respir Dis 138:617–623
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ambrosino N, Montagna T, Nava S et al (1990) Short term effect of intermittent negative pressure ventilation in COPD patients with respiratory failure. Eur Respir J 3:502–508
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bach JR, Alba A, Mosher R, Delaubier A (1987) Intermittent positive ventilation via nasal access in the management of respiratory insufficiency. Chest 92:168–170
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Elliot MW, Steven MH, Phillips GD, Branthwaite MA (1990) Non-invasive mechanical ventilation for acute respiratory failure. Br Med J 300:358–360
Article 
    
                    Google Scholar 
                

	Brochard L, Isabey D, Piquet J et al (1990) Reversal of acute exacerbations of chronic obstructive lung disease by inspiratory assistance with a face mask. N Eng J Med 323:1523–1530

                    Google Scholar 
                

	Roussos C (1985) Ventilatory failure and respiratory muscles. In: Roussos C, Macklem PT (eds) The Thorax, Marcel Dekker, New York, pp 1253–1279

                    Google Scholar 
                

	Roussos C (1985) Energetics. In: Roussos C, Macklem PT (eds) The Thorax, Marcel Dekker, New York, pp 437–492

                    Google Scholar 
                

	Sorli J, Grassino A, Loragne G, Milic Emili J (1978) Control of breathing in patients with chronic obstructive lung disease. Clin Sei Mol Med 54:295–304
CAS 
    
                    Google Scholar 
                

	Remmers JE, Manilla I (1975) Action of intercostal muscle afferents on the respiratory rhythm of anesthetized cats. Resp Physiol 24:31–41
Article 
    CAS 
    
                    Google Scholar 
                

	Bellemare F, Grassino A (1983) Force reserve of the diaphragm in patients with chronic obstructive pulmonary disease. J Appl Physiol 55:8–15
PubMed 
    CAS 
    
                    Google Scholar 
                

	Arora NS, Rochester DF (1982) Effects of chronic obstructive pulmonary disease on diaphragm muscle dimensions. Am Rev Respir Dis (Abstract) 123 (part 2): 176

                    Google Scholar 
                

	Arora NS, Rochester DF (1982) Effect of chronic obstructive pulmonary disease on sternocleidomastoid muscle. Am Rev Respir Dis (Abstract) 125 (part 2): 252

                    Google Scholar 
                

	Rochester DF, Braun NMI, Arora NS (1979) Respiratory muscle strength in chronic obstructive lung disease. Am Rev Respir Dis 119 (part 2): 151
PubMed 
    CAS 
    
                    Google Scholar 
                

	Santiago TV, Remolina C, Scoles V, Edelman NH (1981) Endorphins and the control of breathing. N Engl J Med 304:1190–1195
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Scardella AT, Parisi RA, Phair DK et al (1986) The role of endogenous opioids in the ventilatory response to acute flow-resistive loads. Am Rev Respir Dis 133:26–31
PubMed 
    CAS 
    
                    Google Scholar 
                

	Neubauer JA, Posner MA, Santiago TV, Edelman NH (1987) Naloxone reduces ventilatory depression of brain hypoxia. J Appl Physiol 68:699–706

                    Google Scholar 
                

	Petrozzino JJ, Scardella AT, Krawciw J, Edelman NH, Santiago TV (1990) Effect of naloxone on spectral shifts of the diaphragm EMG during respiratory loading. J Appl Physiol 68:1376–1385
PubMed 
    CAS 
    
                    Google Scholar 
                

	Scardella AT, Petrozzino JJ, Mandel M, Edelman NH, Santiago TV (1990) Endogenous opioid effects on abdominal muscle activity during inspiratory loading. J Appl Physiol 69:1104–1109
PubMed 
    CAS 
    
                    Google Scholar 
                

	Melton J, Neubauer J, Edelman H (1990) G AB A antagonism reverses hypoxic respiratory depression in the cat. J Appl Physiol 69:1296–1301
PubMed 
    CAS 
    
                    Google Scholar 
                

	Scardella AT, Santiago TV, Edelman NH (1989) Naloxone alters the early response to an inspiratory flow-resistive load. J Appl Physiol 67:1747–1753
PubMed 
    CAS 
    
                    Google Scholar 
                

	Tobin MJ (1990) Respiratory monitoring during mechanical ventilation. In: Tobin MJ (ed) Mechanical Ventilation. WB Saunders Co., Philadelphia, p 691

                    Google Scholar 
                

	Hussain S, Marcotte JE, Burnet H et al (1988) Relationship among EMG and contractile responses of the diaphragm elicited by hypotension. J Appl Physiol 65:649–656
PubMed 
    CAS 
    
                    Google Scholar 
                

	Farkas G, Roussos C (1982) Adaptability of the hamster diaphragm to exercise and/or emphysema. J Appl Physiol 53:1263–1273
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Authors	C. RoussosView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. LakynthinosView author publications
You can also search for this author in
                        PubMed Google Scholar







Editor information
Editors and Affiliations
	St. Paul-Ramsey Medical Center, 640 Jackson Street, St. Paul, MN, 55101-2595, USA
J. J. Marini 

	Department of Critical Care, Evangelismos Hospital, 45, Ipsilandou Street, Athens, 11521, Greece
C. Roussos 




Rights and permissions
Reprints and permissions


Copyright information
© 1991 Springer-Verlag Berlin Heidelberg


About this paper
Cite this paper
Roussos, C., Lakynthinos, S. (1991).  Ventilatory Muscle Fatigue and Failure.

                     In: Marini, J.J., Roussos, C. (eds) Ventilatory Failure. Update in Intensive Care and Emergency Medicine, vol 15. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-84554-3_8
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-642-84554-3_8

	
                            Publisher Name: Springer, Berlin, Heidelberg

	
                                Print ISBN: 978-3-642-84556-7

	
                                Online ISBN: 978-3-642-84554-3

	eBook Packages: Springer Book Archive


Share this paper
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                                Provided by the Springer Nature SharedIt content-sharing initiative
                            







Publish with us
Policies and ethics



                    
    

                    
                

            
        

        
            
                
                    
                


                
                    
                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 84.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 109.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    

                    

                


            
        

    

    
        
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.196.142.0
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    



