





    
  Skip to main content
  




  

    

      
        
          
              
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

          

        

      


      
        
              

      
        
          
                       

         

      

     
    
      
        
          [image: BMJ Journals]

                  

      

      
                  
            
                
    

    
  
    	Subscribe
	Log In 
More
	

    
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  






	Basket 
	Search 
More
	

    
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 






  


  
  



  
      
  
  
    Advanced search  


  
  



  



  







  



  

            

          

                

    
        
      
                [image: Journal of Neurology, Neurosurgery & Psychiatry]
      

            
          
    

    
  
    	Latest content
	Current issue
	Archive
	JNNP 100
	Authors
	Podcasts
	About

  





    
  
    
  
    
  
        

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 






  


  
  



  
      
  
  
    Advanced search  


  
  



  



  


  
  


  
        

    
  
  
    	 Close
More
	

    
  
    
  
    
  
        Main menu

    
  
  
    
  	Latest content
	Current issue
	Archive
	JNNP 100
	Authors
	Podcasts
	About



  


  
  



  



  






	Subscribe
	Log in 
More
	

    
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  






	BMJ Journals

  


  
  




  



  



  

      

          

          
  
        
      
        
          You are here
	Home
	Archive
	Volume 92, Issue 11 
	Visualisation of the non-linear correlation between age and poor outcome in patients with aneurysmal subarachnoid haemorrhage


        

       
      
          
            Email alerts
          
        

      

          

            
          
        
          
            
                                                                                                  
    

    
  
    
    
    
    
      
        
  
      
  
  
    
    
  
    
    
      
        
  
      
  
  
    Article Text
  


  
  



      

    

    
    
      
        
  
      
  
  
    Article menu 
  


  
  



      

    

  
  
   
  
  


  


  
  



      

    

  
  
   
    
  
    
    
      
        
  
      
  
  
    	Article 
Text
	Article 
info
	Citation 
Tools
	Share
	Rapid Responses
	Article 
metrics
	Alerts


  


  
  



      

    

    
    
      
        
  
      
  
  
    [image: Download PDF]PDF  


  
  



  
      
  
  
    Neurosurgery


  


  
  



  
      
  
  
    Original research


  


  
  



  
      
  
  
    
      Visualisation of the non-linear correlation between age and poor outcome in patients with aneurysmal subarachnoid haemorrhage
        
  

  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    	http://orcid.org/0000-0003-4205-1490Fusao Ikawa1,2, 
	http://orcid.org/0000-0002-6902-2342Nao Ichihara3, 
	Masaaki Uno4, 
	Yoshiaki Shiokawa5, 
	Kazunori Toyoda6, 
	Kazuo Minematsu6,7, 
	Shotai Kobayashi8, 
	Shuhei Yamaguchi8,9, 
	Kaoru Kurisu1,10 
	On behalf of The Japanese Standard Stroke Registry Study Group

	[bookmark: aff-1]
1
Department of Neurosurgery, Graduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan


	[bookmark: aff-2]
2
Department of Neurosurgery, Shimane Prefectural Central Hospital, Izumo, Shimane, Japan


	[bookmark: aff-3]
3
Department of Healthcare Quality Assessment, University of Tokyo, Tokyo, Japan


	[bookmark: aff-4]
4
Department of Neurosurgery, Kawasaki Medical school, Kurashiki, Okayama, Japan


	[bookmark: aff-5]
5
Department of Neurosurgery, Kyorin University School of Medicine, Tokyo, Japan


	[bookmark: aff-6]
6
Department of Cerebrovascular Medicine, National Cerebral and Cardiovascular Center, Suita, Osaka, Japan


	[bookmark: aff-7]
7
Department of Neurology, Iseikai Medical Corporation, Osaka, Japan


	[bookmark: aff-8]
8
Department of Neurology, Shimane University School of Medicine, Izumo, Shimane, Japan


	[bookmark: aff-9]
9
Department of Neurology, Shimane Prefectural Central Hospital, Izumo, Shimane, Japan


	[bookmark: aff-10]
10
Department of Neurosurgery, Chugoku Rosai Hospital, Kure, Hiroshima, Japan



	Correspondence to
 Dr Fusao Ikawa, Department of Neurosurgery, Shimane Prefectural Central Hospital, Izumo, Japan; fikawa-nsu{at}umin.ac.jp





  


  
  



  
      
  
  
    Abstract
Objective To visualise the non-linear correlation between age and poor outcome at discharge in patients with aneurysmal subarachnoid haemorrhage (SAH) while adjusting for covariates, and to address the heterogeneity of this correlation depending on disease severity by a registry-based design.

Methods We extracted data from the Japanese Stroke Databank registry for patients with SAH treated via surgical clipping or endovascular coiling within 3 days of SAH onset between 2000 and 2017. Poor outcome was defined as a modified Rankin Scale Score ≥3 at discharge. Variable importance was calculated using machine learning (random forest) model. Correlations between age and poor outcome while adjusting for covariates were determined using generalised additive models in which spline-transformed age was fit to each neurological grade of World Federation of Neurological Societies (WFNS) and treatment.

Results In total, 4149 patients were included in the analysis. WFNS grade and age had the largest and second largest variable importance in predicting the outcome. The non-linear correlation between age and poor outcome was visualised after adjusting for other covariates. For grades I–III, the risk slope for unit age was relatively smaller at younger ages and larger at older ages; for grade IV, the slope was steep even in younger ages; while for grade V, it was relatively smooth, but with high risk even at younger ages.

Conclusions The clear visualisation of the non-linear correlation between age and poor outcome in this study can aid clinical decision making and help inform patients with aneurysmal SAH and their families better.


Data availability statement
Data are available upon reasonable request. The anonymised data for this study were shared to the corresponding author by any qualified investigator after request. Primary data from the Japanese Stroke Databank (JSDB) were made available after reasonable request, in accordance with the review board of the JSDB.
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