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                    Abstract
Objective:
To retrospectively investigate enhancement patterns of hepatocellular carcinoma (HCC) and dysplastic nodule (DN) in the hepatobiliary phase of gadolinium-ethoxybenzyl-diethylenetriamine (Gd-EOB-DTPA)-enhanced MRI in relation to histological grading and portal blood flow.
Methods:
Sixty-nine consecutive patients with 83 histologically proven HCCs and DNs were studied. To assess Gd-EOB-DTPA uptake, we calculated the EOB enhancement ratio, which is the ratio of the relative intensity of tumorous lesion to surrounding nontumorous area on hepatobiliary phase images (post-contrast EOB ratio) to that on unenhanced images (pre-contrast EOB ratio). Portal blood flow was evaluated by CT during arterial portography.
Results:
Post-contrast EOB ratios significantly decreased as the degree of differentiation declined in DNs (1.00 ± 0.14) and well, moderately and poorly differentiated HCCs (0.79 ± 0.19, 0.60 ± 0.27, 0.49 ± 0.10 respectively). Gd-EOB-DTPA uptake, assessed by EOB enhancement ratios, deceased slightly in DNs and still more in HCCs, while there was no statistical difference in the decrease between different histological grades of HCC. Reductions in portal blood flow were observed less frequently than decreases in Gd-EOB-DTPA uptake in DNs and well-differentiated HCCs.
Conclusions:
Reduced Gd-EOB-DTPA uptake might be an early event of hepatocarcinogenesis, preceding portal blood flow reduction. The hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI may help estimate histological grading, although difficulties exist in differentiating HCCs from DNs.
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                    Abbreviations
	HCC:
	
                    Hepatocellular carcinoma

                  
	MDCT:
	
                    Multiphasic multidetector-row helical CT

                  
	Gd-EOB-DTPA:
	
                    Gadolinium-ethoxybenzyl-diethylenetriamine

                  
	CTAP:
	
                    Computed tomography during arterial portography

                  
	CTHA:
	
                    CT hepatic arteriography

                  
	GRE:
	
                    Gradient echo

                  
	LAVA:
	
                    Liver acquisition with volume acceleration

                  
	SPIO:
	
                    Superparamagnetic iron oxide

                  



References
	Di Bisceglie AM, Rustgi VK, Hoofnagle JH, Dusheiko GM, Lotze MT (1988) Hepatocellular carcinoma. Ann Intern Med 108:390–401
PubMed 
    
                    Google Scholar 
                

	Simonetti RG, Camma C, Fiorello F, Politi F, D'Amico G, Pagliaro L (1991) Hepatocellular carcinoma: a worldwide problem and the major risk factors. Dig Dis Sci 36:962–972
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tanaka H, Imai Y, Hiramatsu N, Ito Y, Imanaka K, Oshita M, Hijioka T, Katayama K, Yabuuchi I, Yoshihara H, Inoue A, Kato M, Takehara T, Tamura S, Kasahara A, Hayashi N, Tsukuma H (2008) Declining incidence of hepatocellular carcinoma in Osaka, Japan, from 1990 to 2003. Ann Intern Med 148:820–826
PubMed 
    
                    Google Scholar 
                

	Bruix J, Sherman M (2005) Management of hepatocellular carcinoma. Hepatology 42:1208–1236
Article 
    PubMed 
    
                    Google Scholar 
                

	Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, Burroughs AK, Christensen E, Pagliaro L, Colombo M, Rodés J, EASL Panel of Experts on HCC (2001) Clinical management of hepatocellular carcinoma: conclusions of the Barcelona 2000 EASL Conference. J Hepatol 35:421–430
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A, Zironi G, Piscaglia F, Gramantieri L, Zanetti M, Sherman M (2001) Surveillance programme of cirrhotic patients for early diagnosis and treatment of hepatocellular carcinoma: a cost effectiveness analysis. Gut 48:251–259
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nakashima Y, Nakashima O, Tanaka M, Okuda K, Nakashima M, Kojiro M (2003) Portal vein invasion and intrahepatic micrometastasis in small hepatocellular carcinoma by gross type. Hepatol Res 26:142–147
Article 
    PubMed 
    
                    Google Scholar 
                

	Sala M, Llovet JM, Vilana R, Bianchi L, Sole M, Ayuso C, Brú C, Bruix J, Barcelona Clinic Liver Cancer Group (2004) Initial response to percutaneous ablation predicts survival in patients with hepatocellular carcinoma. Hepatology 40:1352–1360
Article 
    PubMed 
    
                    Google Scholar 
                

	Warwick R, Willatt JM, Singhal B, Borremans J, Meagher T (2008) MR imaging of hepatocellular carcinoma in the cirrhotic liver: challenges and controversies. Radiology 247:311–330
Article 
    
                    Google Scholar 
                

	Sorrentino P, D'Angelo S, Tarantino L, Ferbo U, Bracigliano A, Vecchione R (2009) Contrast-enhanced sonography versus biopsy for the differential diagnosis of thrombosis in hepatocellular carcinoma patients. World J Gastroenterol 15:2245–2251
Article 
    PubMed 
    
                    Google Scholar 
                

	Robert M, Sofair AN, Thomas A, Bell B, Bialek S, Corless C, Van Ness G, Huie-White S, Stabach N, Zaman A (2009) A comparison of hepatopathologists' and community pathologists' review of liver biopsy specimens from patients with hepatitis C. Clin Gastroenterol Hepatol 7:335–338
Article 
    PubMed 
    
                    Google Scholar 
                

	Hamm B, Staks T, Muhler A, Bollow M, Taupitz M, Frenzel T, Wolf KJ, Weinmann HJ, Lange L (1995) Phase I clinical evaluation of Gd-EOB-DTPA as a hepatobiliary MR contrast agent: safety, pharmacokinetics, and MR imaging. Radiology 195:785–792
CAS 
    PubMed 
    
                    Google Scholar 
                

	Vogl TJ, Kummel S, Hammerstingl R, Schellenbeck M, Schumacher G, Balzer T, Schwarz W, Müller PK, Bechstein WO, Mack MG, Söllner O, Felix R (1996) Liver tumors: comparison of MR imaging with Gd-EOB-DTPA and Gd-DTPA. Radiology 200:59–67
CAS 
    PubMed 
    
                    Google Scholar 
                

	Huppertz A, Haraida S, Kraus A, Zech CJ, Scheidler J, Breuer J, Helmberger TK, Reiser MF (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 
                

	Kim SH, Kim SH, Lee J, Kim MJ, Jeon YH, Park Y, Choi D, Lee WJ, Lim HK (2009) Gadoxetic acid-enhanced MRI versus triple-phase MDCT for the preoperative detection of hepatocellular carcinoma. AJR Am J Roentgenol 192:1675–1681
Article 
    PubMed 
    
                    Google Scholar 
                

	Frericks BB, Loddenkemper C, Huppertz A, Valdeig S, Stroux A, Seja M, Wolf KJ, Albrecht T (2009) Qualitative and quantitative evaluation of hepatocellular carcinoma and cirrhotic liver enhancement using Gd-EOB-DTPA. AJR Am J Roentgenol 193:1053–1060
Article 
    PubMed 
    
                    Google Scholar 
                

	Motosugi U, Ichikawa T, Tominaga L, Sou H, Sano K, Ichikawa S, Araki T (2009) Delay before the hepatocyte phase of Gd-EOB-DTPA-enhanced MR imaging: is it possible to shorten the examination time? Eur Radiol 19:2623–2629
Article 
    PubMed 
    
                    Google Scholar 
                

	Kim YK, Lee YH, Kwak HS, Kim CS, Han YM (2010) Detection of liver metastases: gadoxetic acid-enhanced three-dimensional MR imaging versus ferucarbotran-enhanced MR imaging. Eur J Radiol 73:131–136
Article 
    PubMed 
    
                    Google Scholar 
                

	Saito K, Kotake F, Ito N, Ozuki T, Mikami R, Abe K, Shimazaki Y (2005) Gd-EOB-DTPA enhanced MRI for hepatocellular carcinoma: quantitative evaluation of tumor enhancement in hepatobiliary phase. Magn Reson Med Sci 4:1–9
Article 
    PubMed 
    
                    Google Scholar 
                

	Imai Y, Murakami T, Yoshida S, Nishikawa M, Ohsawa M, Tokunaga K, Murata M, Shibata K, Zushi S, Kurokawa M, Yonezawa T, Kawata S, Takamura M, Nagano H, Sakon M, Monden M, Wakasa K, Nakamura H (2000) Superparamagnetic iron oxide-enhanced magnetic resonance images of hepatocellular carcinoma: correlation with histological grading. Hepatology 32:205–212
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	International Consensus Group for Hepatocellular Neoplasia (2009) Pathologic diagnosis of early hepatocellular carcinoma: a report of the International Consensus Group for Hepatocellular Neoplasia. Hepatology 4:658–664
Article 
    
                    Google Scholar 
                

	International Working Party (1995) Terminology of nodular hepatocellular lesions. Hepatology 22:983–993

                    Google Scholar 
                

	Imai Y, Murakami T, Hori M, Fukuda K, Kim T, Marukawa T, Abe H, Kuwabara M, Onishi H, Tsuda K, Sawai Y, Kurokawa M, Hayashi N, Monden M, Nakamura H (2008) Hypervascular hepatocellular carcinoma: combined dynamic MDCT and SPIO-enhanced MRI versus combined CTHA and CTAP. Hepatol Res 38:147–158
PubMed 
    
                    Google Scholar 
                

	Takayasu K, Muramatsu Y, Furukawa H, Wakao F, Moriyama N, Takayama T, Yamasaki S, Sakamoto M, Hirohashi S (1995) Early hepatocellular carcinoma: appearance at CT during arterial portography and CT arteriography with pathologic correlation. Radiology 194:101–105
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hayashi M, Matsui O, Ueda K, Kawamori Y, Kadoya M, Yoshikawa J, Gabata T, Takashima T, Nonomura A, Nakanuma Y (1999) Correlation between the blood supply and grade of malignancy of hepatocellular nodules associated with liver cirrhosis: evaluation by CT during intraarterial injection of contrast medium. AJR Am J Roentgenol 172:969–976
CAS 
    PubMed 
    
                    Google Scholar 
                

	Sakamoto M, Hirohashi S, Shimosato Y (1991) Early stages of multistep hepatocarcinogenesis: adenomatous hyperplasia and early hepatocellular carcinoma. Hum Pathol 22:172–178
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Narita M, Hatano E, Arizono S, Miyagawa-Hayashino A, Isoda H, Kitamura K, Taura K, Yasuchika K, Nitta T, Ikai I, Uemoto S (2009) Expression of OATP1B3 determines uptake of Gd-EOB-DTPA in hepatocellular carcinoma. J Gastroenterol 44:793–798
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tsuda N, Okada M, Murakami T (2007) Potential of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) for differential diagnosis of nonalcoholic steatohepatitis and fatty liver in rats using magnetic resonance imaging. Invest Radiol 42:242–247
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Gastroenterology, Ikeda Municipal Hospital, 3-1-18, Johnan, Ikeda, Osaka, 563-8510, Japan
Sachiyo Kogita, Yasuharu Imai, Kazuto Fukuda, Takumi Igura & Yoshiyuki Sawai

	Department of Radiology, Kinki University School of Medicine, Osaka, Japan
Masahiro Okada & Takamichi Murakami

	Department of Radiology, Osaka University Graduate School of Medicine, Osaka, Japan
Tonsok Kim, Hiromitsu Onishi & Masatoshi Hori

	Department of Radiology, Ikeda Municipal Hospital, Osaka, Japan
Manabu Takamura

	Department of Surgery, Ikeda Municipal Hospital, Osaka, Japan
Osakuni Morimoto

	Department of Surgery, Osaka University Graduate School of Medicine, Osaka, Japan
Hiroaki Nagano

	Department of Diagnostic Pathology, Osaka City University Graduate School of Medicine, Osaka, Japan
Kenichi Wakasa

	Department of Gastroenterology and Hepatology, Osaka University Graduate School of Medicine, Osaka, Japan
Norio Hayashi


Authors	Sachiyo KogitaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yasuharu ImaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Masahiro OkadaView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Hiromitsu OnishiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manabu TakamuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kazuto FukudaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Takumi IguraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yoshiyuki SawaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Osakuni MorimotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Masatoshi HoriView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hiroaki NaganoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kenichi WakasaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Norio HayashiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Takamichi MurakamiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Yasuharu Imai.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Kogita, S., Imai, Y., Okada, M. et al. Gd-EOB-DTPA-enhanced magnetic resonance images of hepatocellular carcinoma: correlation with histological grading and portal blood flow.
                    Eur Radiol 20, 2405–2413 (2010). https://doi.org/10.1007/s00330-010-1812-9
Download citation
	Received: 24 January 2010

	Revised: 13 March 2010

	Accepted: 12 April 2010

	Published: 19 May 2010

	Issue Date: October 2010

	DOI: https://doi.org/10.1007/s00330-010-1812-9


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
	Gd-EOB-DTPA-enhanced MR imaging
	Hepatocellular carcinoma
	Dysplastic nodule
	Histological grading
	Portal blood flow








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.205.172.146
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    