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                    Abstract
Objectives
To compare the enhancement patterns and prevalence of pseudo-washout between rapidly and slowly enhancing hepatic haemangiomas on gadoxetate disodium-enhanced MRI in patients with chronic liver disease (CLD) and healthy liver (HL).
Methods
On gadoxetate disodium-enhanced MRI, the extent of intralesional arterial enhancement >50 % and ≤50 % of lesions was defined as rapid and slow enhancement, respectively. The enhancement patterns and presence of pseudo-washout during the portal venous phase (PVP) and transitional phase (TP) of 74 hepatic haemangiomas were retrospectively evaluated in the CLD and HL groups. Sequential changes of signal-to-noise ratio (SNR) were measured in unenhanced phase, PVP and TP.
Results
Irrespective of hepatic health status, pseudo-washout in TP was significantly more common in the rapidly enhancing haemangiomas (p ≤ 0.026). In both groups, rapidly enhancing haemangiomas showed complete or progressive incomplete enhancement in PVP, which either lasted or transformed to pseudo-washout in TP, whereas slowly enhancing haemangiomas showed progressive incomplete enhancement in PVP and TP. SNR of hepatic parenchyma continued to rise until TP, whereas that of portal vein and haemangioma falls in TP.
Conclusions
Regardless of CLD, pseudo-washout in TP was more common in rapidly than in slowly enhancing haemangiomas, with enhancement patterns differing in the two subgroups.

                  Key Points
                
• On gadoxetate disodium-enhanced MRI, some hepatic haemangiomas show pseudo-washout in transitional phase.
• Regardless of chronic liver disease, pseudo-washout is significantly more common in rapidly enhancing haemangiomas.
• Rapidly enhancing haemangiomas show complete or progressive incomplete enhancement or pseudo-washout in TP.
• Slowly enhancing haemangiomas show progressive incomplete enhancement in portal venous phase and TP.



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ESR Essentials: diagnosis of hepatocellular carcinoma—practice recommendations by ESGAR
                                        
                                    

                                    
                                        Article
                                         Open access
                                         21 February 2024
                                    

                                

                                Roberto Cannella, Marc Zins & Giuseppe Brancatelli

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Focal Liver Lesions
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enhancing gadoxetic acid–enhanced liver MRI: a synergistic approach with deep learning CAIPIRINHA-VIBE and optimized fat suppression techniques
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 March 2024
                                    

                                

                                Hong Wei, Jeong Hee Yoon, … Jeong Min Lee

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Semelka RC, Sofka CM (1997) Hepatic hemangiomas. Magn Reson Imaging Clin N Am 5:241–253
CAS 
    PubMed 
    
                    Google Scholar 
                

	Leslie DF, Johnson CD, Johnson CM et al (1995) Distinction between cavernous hemangiomas of the liver and hepatic metastases on CT: value of contrast enhancement patterns. AJR Am J Roentgenol 164:625–629
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Semelka RC, Brown ED, Ascher SM et al (1994) Hepatic hemangiomas: a multi-institutional study of appearance on T2-weighted and serial gadolinium-enhanced gradient-echo MR images. Radiology 192:401–406
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nelson RC, Chezmar JL (1990) Diagnostic approach to hepatic hemangiomas. Radiology 176:11–13
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vilgrain V, Boulos L, Vullierme MP et al (2000) Imaging of atypical hemangiomas of the liver with pathologic correlation. Radiographics 20:379–397
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Soyer P, Dufresne AC, Somveille E et al (1997) Hepatic cavernous hemangioma: appearance on T2-weighted fast spin-echo MR imaging with and without fat suppression. AJR Am J Roentgenol 168:461–465
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Soyer P, Gueye C, Somveille E et al (1995) MR diagnosis of hepatic metastases from neuroendocrine tumors versus hemangiomas: relative merits of dynamic gadolinium chelate-enhanced gradient-recalled echo and unenhanced spin-echo images. AJR Am J Roentgenol 165:1407–1413
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Birnbaum BA, Weinreb JC, Megibow AJ et al (1990) Definitive diagnosis of hepatic hemangiomas: MR imaging versus Tc-99 m-labeled red blood cell SPECT. Radiology 176:95–101
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hanafusa K, Ohashi I, Himeno Y et al (1995) Hepatic hemangioma: findings with two-phase CT. Radiology 196:465–469
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Byun JH, Kim TK, Lee CW et al (2004) Arterioportal shunt: prevalence in small hemangiomas versus that in hepatocellular carcinomas 3 cm or smaller at two-phase helical CT. Radiology 232:354–360
Article 
    PubMed 
    
                    Google Scholar 
                

	Ichikawa T, Saito K, Yoshioka N et al (2010) Detection and characterization of focal liver lesions: a Japanese phase III, multicenter comparison between gadoxetic acid disodium-enhanced magnetic resonance imaging and contrast-enhanced computed tomography predominantly in patients with hepatocellular carcinoma and chronic liver disease. Investig Radiol 45:133–141
Article 
    
                    Google Scholar 
                

	Hammerstingl R, Huppertz A, Breuer J et al (2008) Diagnostic efficacy of gadoxetic acid (Primovist)-enhanced MRI and spiral CT for a therapeutic strategy: comparison with intraoperative and histopathologic findings in focal liver lesions. Eur Radiol 18:457–467
Article 
    PubMed 
    
                    Google Scholar 
                

	Huppertz A, Haraida S, Kraus A et al (2005) Enhancement of focal liver lesions at gadoxetic acid-enhanced MR imaging: correlation with histopathologic findings and spiral CT–initial observations. Radiology 234:468–478
Article 
    PubMed 
    
                    Google Scholar 
                

	Huppertz A, Balzer T, Blakeborough A et al (2004) Improved detection of focal liver lesions at MR imaging: multicenter comparison of gadoxetic acid-enhanced MR images with intraoperative findings. Radiology 230:266–275
Article 
    PubMed 
    
                    Google Scholar 
                

	Reimer P, Rummeny EJ, Daldrup HE et al (1997) Enhancement characteristics of liver metastases, hepatocellular carcinomas, and hemangiomas with Gd-EOB-DTPA: preliminary results with dynamic MR imaging. Eur Radiol 7:275–280
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vogl TJ, Kummel S, Hammerstingl R et al (1996) Liver tumors: comparison of MR imaging with Gd-EOB-DTPA and Gd-DTPA. Radiology 200:59–67
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Doo KW, Lee CH, Choi JW, Lee J, Kim KA, Park CM (2009) "Pseudo washout" sign in high-flow hepatic hemangioma on gadoxetic acid contrast-enhanced MRI mimicking hypervascular tumor. AJR Am J Roentgenol 193:W490–496
Article 
    PubMed 
    
                    Google Scholar 
                

	Tamada T, Ito K, Yamamoto A et al (2011) Hepatic hemangiomas: evaluation of enhancement patterns at dynamic MRI with gadoxetate disodium. AJR Am J Roentgenol 196:824–830
Article 
    PubMed 
    
                    Google Scholar 
                

	Tateyama A, Fukukura Y, Takumi K et al (2012) Gd-EOB-DTPA-enhanced magnetic resonance imaging features of hepatic hemangioma compared with enhanced computed tomography. World J Gastroenterol 18:6269–6276
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yamada A, Hara T, Li F et al (2011) Quantitative evaluation of liver function with use of gadoxetate disodium-enhanced MR imaging. Radiology 260:727–733
Article 
    PubMed 
    
                    Google Scholar 
                

	Horton KM, Bluemke DA, Hruban RH et al (1999) CT and MR imaging of benign hepatic and biliary tumors. Radiographics 19:431–451
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cieszanowski A, Szeszkowski W, Golebiowski M et al (2002) Discrimination of benign from malignant hepatic lesions based on their T2-relaxation times calculated from moderately T2-weighted turbo SE sequence. Eur Radiol 12:2273–2279
Article 
    PubMed 
    
                    Google Scholar 
                

	Tello R, Fenlon HM, Gagliano T et al (2001) Prediction rule for characterization of hepatic lesions revealed on MR imaging: estimation of malignancy. AJR Am J Roentgenol 176:879–884
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Price RR, Axel L, Morgan T et al (1990) Quality assurance methods and phantoms for magnetic resonance imaging: report of AAPM nuclear magnetic resonance Task Group No. 1. Med Phys 17:287–295
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	McRobbie DW, Moore EA, Graves MJ (2007) MRI from picture to proton, 2nd edn. Cambridge University Press, Cambridge

                    Google Scholar 
                

	Tamada T, Ito K, Sone T et al (2009) Dynamic contrast-enhanced magnetic resonance imaging of abdominal solid organ and major vessel: comparison of enhancement effect between Gd-EOB-DTPA and Gd-DTPA. J Magn Reson Imaging 29:636–640
Article 
    PubMed 
    
                    Google Scholar 
                

	Motosugi U, Ichikawa T, Onohara K et al (2011) Distinguishing hepatic metastasis from hemangioma using gadoxetic acid-enhanced magnetic resonance imaging. Investig Radiol 46:359–365
Article 
    
                    Google Scholar 
                

	Tamada T, Ito K, Ueki A et al (2012) Peripheral low intensity sign in hepatic hemangioma: diagnostic pitfall in hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI of the liver. J Magn Reson Imaging 35:852–858
Article 
    PubMed 
    
                    Google Scholar 
                

	Yamashita Y, Ogata I, Urata J et al (1997) Cavernous hemangioma of the liver: pathologic correlation with dynamic CT findings. Radiology 203:121–125
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors would like to thank EunJu Kim, Clinical Scientist, Philips Healthcare Korea, for her consultation and assistance in preparing this paper.The scientific guarantor of this publication is Jae Ho Byun. The authors of this manuscript declare no relationships with any companies, whose products or services may be related to the subject matter of the article. The authors state that this work has not received any funding. No complex statistical methods were necessary for this paper. Institutional Review Board approval was obtained. Written informed consent was waived by the Institutional Review Board. Methodology: retrospective, cross sectional study, performed at one institution


Author information
Author notes	Bohyun Kim
Present address: Department of Radiology, Ajou University School of Medicine, 164, World cup-ro, Yeongtong-gu, Suwon, 443-380, Korea


Authors and Affiliations
	Department of Radiology and Research Institute of Radiology, University of Ulsan College of Medicine, Asan Medical Center, Asanbyeongwon-gil 86, Songpa-Gu, Seoul, 138-736, Korea
Bohyun Kim, Jae Ho Byun, Hyoung Jung Kim, Hyung Jin Won, So Yeon Kim, Yong Moon Shin & Pyo Nyun Kim


Authors	Bohyun KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jae Ho ByunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hyoung Jung KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hyung Jin WonView author publications
You can also search for this author in
                        PubMed Google Scholar



	So Yeon KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong Moon ShinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pyo Nyun KimView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jae Ho Byun.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kim, B., Byun, J.H., Kim, H.J. et al. Enhancement patterns and pseudo-washout of hepatic haemangiomas on gadoxetate disodium-enhanced liver MRI.
                    Eur Radiol 26, 191–198 (2016). https://doi.org/10.1007/s00330-015-3798-9
Download citation
	Received: 02 October 2014

	Revised: 04 April 2015

	Accepted: 13 April 2015

	Published: 02 May 2015

	Issue Date: January 2016

	DOI: https://doi.org/10.1007/s00330-015-3798-9


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
                        


Keywords
	Haemangioma
	Pseudo-washout
	Gadoxetate disodium
	Magnetic resonance imaging
	Liver








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					54.221.10.121
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    