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ABSTRACT

        
Pulmonary aspiration is the consequence of abnormal entry of fluid, particulate material, or endogenous secretions into the airway. The two main types of aspiration scenarios include anterograde aspiration, which occurs during swallowing, and retrograde aspiration, which can occur during gastroesophageal reflux (GER) events. The important structures that protect against aspiration include the aerodigestive apparatus: pharynx, upper esophageal sphincter, esophageal body, glottis and vocal cords, and airway. In this article we review the neuroanatomy, physiology, and pathophysiology pertinent to glottic reflexes and airway aspiration across the age spectrum from neonates to adults. We also discuss recent advances in our understanding of glottal reflexes and the relationship of these reflexes to developmental anatomy and physiology, the pathophysiology of aspiration, and aerodigestive interactions.


      

KEYWORDS

Pharyngoglottal closure reflex - esophagoglottal closure reflex - laryngeal adductor reflex - upper esophageal sphincter - gastroesophageal reflux






REFERENCES


	
[bookmark: R00756-1]1 Sadler T W. Special embryology, respiratory system. In: Sadler TW Langman's Medical Embryology. 7th ed. Baltimore; Williams and Wilkins 1995: 232-241 



Google Scholar





	
[bookmark: R00756-2]2 Sadler T W. Special embryology, digestive system. In: Sadler TW Langman's Medical Embryology. 7th ed. Baltimore; Williams and Wilkins 1995: 241-271 



Google Scholar





	
[bookmark: R00756-3]3 
              Mansfield L E. 
              Embryonic origins of the relation of gastroesophageal reflux disease and airway disease. 
              Am J Med. 
              2001; 
              111(Suppl 8A) 
              3S-7S 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-4]4 
              Miller J L, Sonies B C, Macedonia C. 
              Emergence of oropharyngeal, laryngeal and swallowing activity in the developing fetal upper aerodigestive tract: an ultrasound evaluation. 
              Early Hum Dev. 
              2003; 
              71 
              61-87 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-5]5 
              Lang I M, Shaker R. 
              Anatomy and physiology of the upper esophageal sphincter. 
              Am J Med. 
              1997; 
              103(5A) 
              50S-55S 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-6]6 Goyal R K, Sivarao D V. Functional anatomy and physiology of swallowing and oesophageal motility. In: Castell DO, Richter JE The Esophagus. 3rd ed. Philadelphia; Lippincott Williams & Wilkins 1999: 1-31 



Google Scholar





	
[bookmark: R00756-7]7 
              Goyal R K, Padmanabhan R, Sang Q. 
              Neural circuits in swallowing and abdominal vagal afferent-mediated lower esophageal sphincter relaxation. 
              Am J Med. 
              2001; 
              111(Suppl 8A) 
              95S-105S 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-8]8 
              Thach B T. 
              Maturation and transformation of reflexes that protect the laryngeal airway from liquid aspiration from fetal to adult life. 
              Am J Med. 
              2001; 
              111(Suppl 8A) 
              69S-77S 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-9]9 
              Allen J, Zwerdling R, Ehrenkranz R American Thoracic Society et al. 
              Statement on the care of the child with chronic lung disease of infancy and childhood. 
              Am J Respir Crit Care Med. 
              2003; 
              168 
              356-396 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-10]10 
              Reza Shariatzadeh M, Huang J Q, Marrie T J. 
              Differences in the features of aspiration pneumonia according to site of acquisition: community or continuing care facility. 
              J Am Geriatr Soc. 
              2006; 
              54 
              296-302 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-11]11 
              Shaker R, Dodds W J, Ren J, Hogan W J, Arndorfer R C. 
              Esophagoglottal closure reflex: a mechanism of airway protection. 
              Gastroenterology. 
              1992; 
              102 
              857-861 
            





PubMedGoogle Scholar





	
[bookmark: R00756-12]12 
              Shaker R, Ren J, Bardan E et al.. 
              Pharyngoglottal closure reflex: characterization in healthy young, elderly and dysphagic patients with predeglutitive aspiration. 
              Gerontology. 
              2003; 
              49 
              12-20 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-13]13 
              Jadcherla S R, Gupta A, Stoner E, Coley B D, Wiet G J, Shaker R. 
              Correlation of glottal closure using concurrent ultrasonography and nasolaryngoscopy in children: a novel approach to evaluate glottal status. 
              Dysphagia. 
              2006; 
              21 
              75-81 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-14]14 
              Shaker R, Dua K S, Ren J, Xie P, Funahashi A, Schapira R M. 
              Vocal cord closure pressure during volitional swallow and other voluntary tasks. 
              Dysphagia. 
              2002; 
              17 
              13-18 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-15]15 
              Zamir Z, Ren J, Hogan W J, Shaker R. 
              Coordination of deglutitive vocal cord closure and oral-pharyngeal swallowing events in the elderly. 
              Eur J Gastroenterol Hepatol. 
              1996; 
              8 
              425-429 
            





PubMedGoogle Scholar





	
[bookmark: R00756-16]16 
              Shaker R, Ren J, Medda B, Lang I, Cowles V, Jaradeh S. 
              Identification and characterization of the esophagoglottal closure reflex in a feline model. 
              Am J Physiol. 
              1994; 
              266(1 Pt 1) 
              G147-G153 
            





PubMedGoogle Scholar





	
[bookmark: R00756-17]17 
              Shaker R, Ren J, Hogan W J, Lui J, Podursan B, Sui Z. 
              Glottal function during post-prandial gastroesophageal reflux [abstract]. 
              Gastroenterology. 
              1993; 
              104 
              A581 
            





PubMedGoogle Scholar





	
[bookmark: R00756-18]18 
              Ren J, Shaker R, Dodds W J, Hogan W J, Hentz J. 
              Effect of aging on the esophagoglottal closure reflux [abstract]. 
              Gastroenterology. 
              1991; 
              100 
              A545 
            





PubMedGoogle Scholar





	
[bookmark: R00756-19]19 
              Ren J, Shaker R, Medda B, Bonnevier J, Kern M, Dunn B. 
              Effect of acute esophagitis on the esophagoglottal closure reflex in a feline model [abstract]. 
              Gastroenterology. 
              1995; 
              108 
              A677 
            





PubMedGoogle Scholar





	
[bookmark: R00756-20]20 
              Kobler J B, Datta S, Goyal R K, Benecchi E J. 
              Innervation of the larynx, pharynx, and upper esophageal sphincter of the rat. 
              J Comp Neurol. 
              1994; 
              349 
              129-147 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-21]21 
              Jadcherla S R, Gupta A, Coley B D, Fernandez S, Shaker R. 
              Esophago-glottal closure reflex in human infants: a novel reflex elicited with concurrent manometry and ultrasonography. 
              Am J Gastroenterol. 
              2007; 
              102 
              2286-2293 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-22]22 
              Ren J, Shaker R, Dua K, Trifan A, Podursan B, Sui Z. 
              Glottal adduction response to pharyngeal water stimulation: evidence for a pharyngoglottal closure reflex. 
              Gastroenterology. 
              1994; 
              106 
              A558 
            





PubMedGoogle Scholar





	
[bookmark: R00756-23]23 
              Dua K, Bardan E, Ren J, Sui Z, Shaker R. 
              Effect of chronic and acute cigarette smoking on the pharyngoglottal closure reflex. 
              Gut. 
              2002; 
              51 
              771-775 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-24]24 
              Jadcherla S R, Gupta A, Wang M, Coley B D, Fernandez S, Shaker R. 
              Definition and implications of novel pharyngo-glottal reflex in human infants using concurrent manometry ultrasonography. 
              Am J Gastroenterol. 
              2009; 
              104 
              2572-2582 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-25]25 
              Shaker R, Ren J, Podvrsan B et al.. 
              Effect of aging and bolus variables on pharyngeal and upper esophageal sphincter motor function. 
              Am J Physiol. 
              1993; 
              264(3 Pt 1) 
              G427-G432 
            





PubMedGoogle Scholar





	
[bookmark: R00756-26]26 
              Kahrilas P J, Dent J, Dodds W J, Hogan W J, Arndorfer R C. 
              A method for continuous monitoring of upper esophageal sphincter pressure. 
              Dig Dis Sci. 
              1987; 
              32 
              121-128 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-27]27 
              Kern M, Bardan E, Arndorfer R, Hofmann C, Ren J, Shaker R. 
              Comparison of upper esophageal sphincter opening in healthy asymptomatic young and elderly volunteers. 
              Ann Otol Rhinol Laryngol. 
              1999; 
              108 
              982-989 
            





PubMedGoogle Scholar





	
[bookmark: R00756-28]28 
              Jadcherla S R, Duong H Q, Hofmann C, Hoffmann R, Shaker R. 
              Characteristics of upper oesophageal sphincter and oesophageal body during maturation in healthy human neonates compared with adults. 
              Neurogastroenterol Motil. 
              2005; 
              17 
              663-670 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-29]29 
              Jadcherla S R, Duong H Q, Hoffmann R G, Shaker R. 
              Esophageal body and upper esophageal sphincter motor responses to esophageal provocation during maturation in preterm newborns. 
              J Pediatr. 
              2003; 
              143 
              31-38 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-30]30 
              Jadcherla S R, Hoffmann R G, Shaker R. 
              Effect of maturation of the magnitude of mechanosensitive and chemosensitive reflexes in the premature human esophagus. 
              J Pediatr. 
              2006; 
              149 
              77-82 
            





PubMedGoogle Scholar





	
[bookmark: R00756-31]31 
              Jadcherla S R, Gupta A, Stoner E, Fernandez S, Shaker R. 
              Pharyngeal swallowing: defining pharyngeal and upper esophageal sphincter relationships in human neonates. 
              J Pediatr. 
              2007; 
              151 
              597-603 
            





PubMedGoogle Scholar





	
[bookmark: R00756-32]32 
              Vakil N B, Kahrilas P J, Dodds W J, Vanagunas A. 
              Absence of an upper esophageal sphincter response to acid reflux. 
              Am J Gastroenterol. 
              1989; 
              84 
              606-610 
            





PubMedGoogle Scholar





	
[bookmark: R00756-33]33 
              Kahrilas P J, Dodds W J, Dent J, Haeberle B, Hogan W J, Arndorfer R C. 
              Effect of sleep, spontaneous gastroesophageal reflux, and a meal on upper esophageal sphincter pressure in normal human volunteers. 
              Gastroenterology. 
              1987; 
              92 
              466-471 
            





PubMedGoogle Scholar





	
[bookmark: R00756-34]34 
              Torrico S, Kern M, Aslam M et al.. 
              Upper esophageal sphincter function during gastroesophageal reflux events revisited. 
              Am J Physiol Gastrointest Liver Physiol. 
              2000; 
              279 
              G262-G267 
            





PubMedGoogle Scholar





	
[bookmark: R00756-35]35 
              Ulualp S O, Toohill R J, Shaker R. 
              Pharyngeal acid reflux in patients with single and multiple otolaryngologic disorders. 
              Otolaryngol Head Neck Surg. 
              1999; 
              121 
              725-730 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R00756-36]36 
              Ulualp S O, Toohill R J, Hoffmann R, Shaker R. 
              Possible relationship of gastroesophagopharyngeal acid reflux with pathogenesis of chronic sinusitis. 
              Am J Rhinol. 
              1999; 
              13 
              197-202 
            





CrossrefPubMedGoogle Scholar









[bookmark: SIG1]Sudarshan R JadcherlaM.D. 



Section of Neonatology, Nationwide Children's Hospital




700 Children's Dr., Columbus, OH 43205




Email: Sudarshan.Jadcherla2@nationwidechildrens.org
























  >
  
  

    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.203.91.249
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  