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                Here, we describe the case of a 16 year-old girl who presented with secondary bone marrow failure following allogeneic haplo-identical stem cell transplant (SCT). The patient, an 11-year old girl was treated for AML with normal karyotype, and underwent a first SCT from her brother, after obtaining a first CR. Two years later, as the disease relapsed, the patient received a salvage regimen (gemtuzumab, Ara-C and fludarabine), leading to a second CR. Two years later, at the age of 16, a second relapse occurred and, after salvage chemotherapy, she underwent a second SCT from a haplo-identical donor. Pretransplant bone marrow analysis showed CR. The conditioning regimen was based on thiotepa, IV busulfan and fludarabine. Graft versus hostâ€“disease prophylaxis consisted of cyclosporine, mycophenolate mofetil and post-transplant cyclophosphamide. A total of 7.54 Ã— 106 CD34+ cells per kg, obtained by apheresis from her haplo-identical mother, were infused. Engraftment was enhanced with GCSF from day 6 until neutrophils were up to 1 Ã— 109/L. Engraftment occurred on day 18 (neutrophils>0.5 Ã— 109/L). Chimerism evaluation on day 30 was full donor type. Bone marrow evaluation at day 30 showed a normal cellularity with no blast excess.
A bone marrow analysis performed on day 55 revealed a normal cellularity with no excess of blasts, excluding a disease relapse. The erythroid lineage was abnormal, showing hyperplasia and megaloblastosis. The granulocytic compartment was characterized by a relative excess of myelocytes and promyelocytes without maturation blockade. Blood tests showed a moderate deficiency of vitamin B12 (142â€‰pg/mL, normal range: 180â€“820â€‰pg/mL), and the patient did receive a systemic treatment with folate. The homocystein level was not measured. Bone marrow revealed megaloblastic anemia, which cannot be explained by a moderate vitamin B12 deficiency. As the presentation contrasted with the relatively modest degree of cobalamine deficiency, we suspected it could represent an adverse effect of NO. MEOPA administration was then stopped at day 54 and IV vitamin B12 supplement was started. As shown on Figure 2, 3 days after NO was stopped, the reticulocyte and neutrophil counts increased and reached >30 Ã— 109/L and 1 Ã— 109/L on day 59, respectively. Bone marrow control, performed 3 weeks later, did not show any sign of megaloblastosis. The quick hematologic improvement after stopping NO gas exposure argued for its causality.


                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                        
     
    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1


Figure 2



                


                
            

            
                References
	Banks RGS, Henderson RJ, Pratt JM . Reactions of gases in solution. Part III. Some reactions of nitrous oxide with transition-metal complexes. J Chem Soc Inorg Phys Theor 1968, section 12, 2886â€“2889.

	Kano Y, Sakamoto S, Sakuraya K, Kubota T, Hida K, Suda K et al. Effect of nitrous oxide on human bone marrow cells and its synergistic effect with methionine and methotrexate on functional folate deficiency. Cancer Res 1981; 41: 4698â€“4701.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Amess JA, Burman JF, Rees GM, Nancekievill DG, Mollin DL . Megaloblastic haemopoiesis in patients receiving nitrous oxide. Lancet 1978; 2: 339â€“342.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pichardo D, Luginbuehl IA, Shakur Y, Wales PW, El-Sohemy A, Oâ€™Connor DL . Effect of nitrous oxide exposure during surgery on the homocysteine concentrations of children. Anesthesiology 2012; 117: 15â€“21.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Badner NH, Beattie WS, Freeman D, Spence JD . Nitrous oxide-induced increased homocysteine concentrations are associated with increased postoperative myocardial ischemia in patients undergoing carotid endarterectomy. Anesth Analg 2000; 91: 1073â€“1079.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lassen HC, Henriksen E, Neukirch F, Kristensen HS . Treatment of tetanus; severe bone-marrow depression after prolonged nitrous-oxide anaesthesia. Lancet 1956; 270: 527â€“530.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nunn JF . Clinical aspects of the interaction between nitrous oxide and vitamin B12. Br J Anaesth 1987; 59: 3â€“13.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weimann J . Toxicity of nitrous oxide. Best Pract Res Clin Anaesthesiol 2003; 17: 47â€“61.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lauvin R, Bougault C. ExpÃ©rience dâ€™un Ã©tablissement de soins de suite dans lâ€™usage du meopa (mÃ©lange equimolaire dâ€™oxygÃ¨ne et de protoxyde dâ€™azote) pour la prÃ©vention des douleurs provoquÃ©es par des soins rÃ©pÃ©tÃ©s chez un mÃªme patient. Douleurs. 2007/10; 8 (5): 309â€“311.

                    Google ScholarÂ 
                

	Waldman FM, Koblin DD, Lampe GH, Wauk LZ, Eger EI . Hematologic effects of nitrous oxide in surgical patients. Anesth Analg 1990; 71: 618â€“624.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Amos RJ, Amess JA, Nancekievill DG, Rees GM . Prevention of nitrous oxide-induced megaloblastic changes in bone marrow using folinic acid. Br J Anaesth 1984; 56: 103â€“107.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Service dâ€™hÃ©matologie, HÃ´pital Saint Antoine, Paris, France
A Vozy,Â M T Rubio,Â M MohtyÂ &Â A-C Mamez

	Centre dâ€™Ã©valuation et de traitement de la douleur, HÃ´pital Saint Antoine, Paris, France
M CohenÂ &Â S Rostaing-Rigattieri


Authors	A VozyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M CohenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M T RubioView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S Rostaing-RigattieriView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M MohtyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A-C MamezView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                A-C Mamez.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Additional information

                Author contributions
              
AV collected the data and wrote the manuscript. AV, MC, MTR, SRR, MM were responsible for patient care. ACM was responsible for data collection, review and manuscript preparation. All the authors read and approved the final manuscript.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Vozy, A., Cohen, M., Rubio, M. et al. Medullar toxicity after prolonged nitrous oxide exposure: an unexpected cause of bone marrow failure post allogeneic transplant.
                    Bone Marrow Transplant 51, 876â€“878 (2016). https://doi.org/10.1038/bmt.2015.314
Download citation
	Published: 22 February 2016

	Issue Date: June 2016

	DOI: https://doi.org/10.1038/bmt.2015.314


Share this article
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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Nitrous-oxide/oxygen
                                    
                                

                            
                                
                                Reactions Weekly (2018)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors and Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Bone Marrow Transplantation (Bone Marrow Transplant)
                
                
    
    
        ISSN 1476-5365 (online)
    
    


                
    
    
        ISSN 0268-3369 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    











    








