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                    Abstract
Background
Preoperative chemotherapy sometimes makes colorectal liver metastases disappear or diminish. Contrast-enhanced intraoperative ultrasound (CE-IOUS) using perflubutane may identify such metastases.

Methods
Among 131 consecutive patients who underwent hepatic resection, 86 had received preoperative chemotherapy. Of these patients, 72 were examined using contrast-enhanced computed tomography (CE-CT), gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging (EOB-MRI), contrast-enhanced ultrasound (CEUS), intraoperative ultrasound (IOUS), and CE-IOUS; these patients were the subject of the present study. Effects of IOUS and CE-IOUS to search for disappearing liver metastases (DLM) and tumors with a diameter of 1 cm or less based on the preoperative imaging were assessed.
Results
A total of 32 DLMs were noted in 11 patients. Four DLMs were identified using IOUS, and 16 DLMs (including the four DLMs identified using IOUS) were identified using CE-IOUS. Of the 16 DLMs that were missed using both IOUS and CE-IOUS, nine were resected using anatomical resection and seven were not resected. One of the nine resected DLMs was histologically proven to be adenocarcinoma. Three of the seven unresected DLMs showed tumor regrowth during a postoperative follow-up examination. CE-IOUS identified 79 % of the 19 DLMs that were ultimately confirmed as liver metastases, whereas IOUS identified 21 % of them (p < 0.004). Among the 202 tumors that were identified using preoperative imaging, 54 were 1 cm or less in diameter. The sensitivity of CE-IOUS for these tumors were superior to CE-CT (p < 0.04) and IOUS (p < 0.04), respectively.
Conclusions
CE-IOUS might be necessary after preoperative chemotherapy for colorectal liver metastasis.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                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: ]

                                
                                
                                    
                                        EANM procedure guideline for the treatment of liver cancer and liver metastases with intra-arterial radioactive compounds
                                        
                                    

                                    
                                        Article
                                         Open access
                                         11 February 2022
                                    

                                

                                M. Weber, M. Lam, … K. Herrmann

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Focal Liver Lesions
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Adam R, Delvart V, Pascal G, et al. Rescue surgery for unresectable colorectal liver metastases downstaged by chemotherapy: a model to predict long-term survival. Ann Surg. 2004;240(4):644–657; discussion 657–648.
PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone for resectable liver metastases from colorectal cancer (EORTC Intergroup trial 40983): a randomised controlled trial. Lancet 2008;371(9617):1007–1016.
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	van Vledder MG, de Jong MC, Pawlik TM, Schulick RD, Diaz LA, Choti MA. Disappearing colorectal liver metastases after chemotherapy: should we be concerned? J Gastrointest Surg. 2010;14(11):1691–1700.
Article 
    PubMed 
    
                    Google Scholar 
                

	Diane G, Sebastien G, Frederic D, et al. Patients operated on for initially unresectable colorectal liver metastases with missing metastases have a favorable long-term outcome. Ann Surg. 2011;254(1):114–118.
Article 
    
                    Google Scholar 
                

	Benoist S, Brouquet A, Penna C, et al. Complete response of colorectal liver metastases after chemotherapy: does it mean cure? J Clin Oncol. 2006;24(24):3939–3945.
Article 
    PubMed 
    
                    Google Scholar 
                

	Tanaka K, Takakura H, Takeda K, Matsuo K, Nagano Y, Endo I. Importance of complete pathologic response to prehepatectomy chemotherapy in treating colorectal cancer metastases. Ann Surg. 2009;250(6):935–942.
Article 
    PubMed 
    
                    Google Scholar 
                

	Auer RC, White RR, Kemeny NE, et al. Predictors of a true complete response among disappearing liver metastases from colorectal cancer after chemotherapy. Cancer 2010;116(6):1502–1509.
Article 
    PubMed 
    
                    Google Scholar 
                

	Torzilli G, Del Fabbro D, Palmisano A, et al. Contrast-enhanced intraoperative ultrasonography during hepatectomies for colorectal cancer liver metastases. J Gastrointest Surg. 2005;9(8):1148–1153.
Article 
    PubMed 
    
                    Google Scholar 
                

	Leen E, Ceccotti P, Moug SJ, et al. Potential value of contrast-enhanced intraoperative ultrasonography during partial hepatectomy for metastases: an essential investigation before resection? Ann Surg. 2006;243(2):236–240.
Article 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Takahashi M, Hasegawa K, Arita J, et al. Contrast-enhanced intraoperative ultrasonography using perfluorobutane microbubbles for the enumeration of colorectal liver metastases. Br J Surg. 2012;99(9):1271–1277.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kindberg GM, Tolleshaug H, Roos N, Skotland T. Hepatic clearance of sonazoid perfluorobutane microbubbles by Kupffer cells does not reduce the ability of liver to phagocytose or degrade albumin microspheres. Cell Tissue Res. 2003;312(1):49–54.
PubMed 
    
                    Google Scholar 
                

	Watanabe R, Matsumura M, Munemasa T, Fujimaki M, Suematsu M. Mechanism of hepatic parenchyma-specific contrast of microbubble-based contrast agent for ultrasonography: microscopic studies in rat liver. Invest Radiol. 2007;42(9):643–651.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yanagisawa K, Moriyasu F, Miyahara T, Yuki M, Iijima H. Phagocytosis of ultrasound contrast agent microbubbles by Kupffer cells. Ultrasound Med Biol. 2007;33(2):318–325.
Article 
    PubMed 
    
                    Google Scholar 
                

	Conlon R, Jacobs M, Dasgupta D, Lodge JP. The value of intraoperative ultrasound during hepatic resection compared with improved preoperative magnetic resonance imaging. Eur J Ultrasound 2003;16(3):211–216.
Article 
    PubMed 
    
                    Google Scholar 
                

	Motosugi U, Ichikawa T, Morisaka H, et al. Detection of pancreatic carcinoma and liver metastases with gadoxetic acid-enhanced MR imaging: comparison with contrast-enhanced multi-detector row CT. Radiology 2011;260(2):446–453.
Article 
    PubMed 
    
                    Google Scholar 
                

	Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a histological scoring system for nonalcoholic fatty liver disease. Hepatology 2005;41(6):1313–1321.
Article 
    PubMed 
    
                    Google Scholar 
                

	Fernandez FG, Ritter J, Goodwin JW, Linehan DC, Hawkins WG, Strasberg SM. Effect of steatohepatitis associated with irinotecan or oxaliplatin pretreatment on resectability of hepatic colorectal metastases. J Am Coll Surg. 2005;200(6):845–853.
Article 
    PubMed 
    
                    Google Scholar 
                

	Rubbia-Brandt L, Audard V, Sartoretti P, et al. Severe hepatic sinusoidal obstruction associated with oxaliplatin-based chemotherapy in patients with metastatic colorectal cancer. Ann Oncol. 2004;15(3):460–466.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lubezky N, Metser U, Geva R, et al. The role and limitations of 18-fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) scan and computerized tomography (CT) in restaging patients with hepatic colorectal metastases following neoadjuvant chemotherapy: comparison with operative and pathological findings. J Gastrointest Surg. 2007;11(4):472–478.
Article 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Angliviel B, Benoist S, Penna C, et al. Impact of chemotherapy on the accuracy of computed tomography scan for the evaluation of colorectal liver metastases. Ann Surg Oncol. 2009;16(5):1247–1253.
Article 
    PubMed 
    
                    Google Scholar 
                

	Elias D, Goere D, Boige V, et al. Outcome of posthepatectomy-missing colorectal liver metastases after complete response to chemotherapy: impact of adjuvant intra-arterial hepatic oxaliplatin. Ann Surg Oncol. 2007;14(11):3188–3194.
Article 
    PubMed 
    
                    Google Scholar 
                

	Ribero D, Wang H, Donadon M, et al. Bevacizumab improves pathologic response and protects against hepatic injury in patients treated with oxaliplatin-based chemotherapy for colorectal liver metastases. Cancer 2007;110(12):2761–2767.
Article 
    PubMed 
    
                    Google Scholar 
                

	Adam R, Wicherts DA, de Haas RJ, et al. Complete pathologic response after preoperative chemotherapy for colorectal liver metastases: myth or reality? J Clin Oncol. 2008;26(10):1635–1641.
Article 
    PubMed 
    
                    Google Scholar 
                

	Oudkerk M, Torres CG, Song B, et al. Characterization of liver lesions with mangafodipir trisodium-enhanced MR imaging: multicenter study comparing MR and dual-phase spiral CT. Radiology 2002;223(2):517–524.
Article 
    PubMed 
    
                    Google Scholar 
                

	Kulemann V, Schima W, Tamandl D, et al. Preoperative detection of colorectal liver metastases in fatty liver: MDCT or MRI? Eur J Radiol. 2011;79(2):e1–e6.
Article 
    PubMed 
    
                    Google Scholar 
                

	Eiber M, Fingerle AA, Brugel M, Gaa J, Rummeny EJ, Holzapfel K. Detection and classification of focal liver lesions in patients with colorectal cancer: retrospective comparison of diffusion-weighted MR imaging and multi-slice CT. Eur J Radiol. 2012;81(4):683–91.
Article 
    PubMed 
    
                    Google Scholar 
                

	Muhi A, Ichikawa T, Motosugi U, et al. Diagnosis of colorectal hepatic metastases: comparison of contrast-enhanced CT, contrast-enhanced US, superparamagnetic iron oxide-enhanced MRI, and gadoxetic acid-enhanced MRI. J Magn Reson Imaging 2011;34(2):326–335.
Article 
    PubMed 
    
                    Google Scholar 
                

	Sugimoto K, Shiraishi J, Moriyasu F, Saito K, Doi K. Improved detection of hepatic metastases with contrast-enhanced low mechanical-index pulse inversion ultrasonography during the liver-specific phase of sonazoid: observer performance study with JAFROC analysis. Acad Radiol. 2009;16(7):798–809.
Article 
    PubMed 
    
                    Google Scholar 
                

	Correas JM, Low G, Needleman L, et al. Contrast enhanced ultrasound in the detection of liver metastases: a prospective multi-centre dose testing study using a perfluorobutane microbubble contrast agent (NC100100). Eur Radiol. 2011;21(8):1739–46.
Article 
    PubMed 
    
                    Google Scholar 
                

	De Roock W, Piessevaux H, De Schutter J, et al. KRAS wild-type state predicts survival and is associated to early radiological response in metastatic colorectal cancer treated with cetuximab. Ann Oncol. 2008;19(3):508–515.
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgment
This work was supported in part by a grant-in-aid from Kurokawa Cancer Research Foundation; a grant-in-aid from Mitsui Life Social Welfare Foundation; and a grant-in-aid from Takeda Science Foundation.

                Disclosures

                Junichi Arita, Yoshihiro Ono, Michiro Takahashi, Yosuke Inoue, Yu Takahashi, and Akio Saiura have no commercial interest in the subject of study and the source of any financial or material support.

              

Author information
Authors and Affiliations
	Gastroenterological Surgery Department, Cancer Institute Hospital of the Japanese Foundation for Cancer Research, 3-8-31, Ariake, Koto-ku, Tokyo, 135-8550, Japan
Junichi Arita MD, PhD, Yoshihiro Ono MD, PhD, Michiro Takahashi MD, Yosuke Inoue MD, PhD, Yu Takahashi MD, PhD & Akio Saiura MD, PhD


Authors	Junichi Arita MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yoshihiro Ono MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michiro Takahashi MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yosuke Inoue MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yu Takahashi MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Akio Saiura MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Junichi Arita MD, PhD.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Arita, J., Ono, Y., Takahashi, M. et al. Usefulness of Contrast-Enhanced Intraoperative Ultrasound in Identifying Disappearing Liver Metastases from Colorectal Carcinoma After Chemotherapy.
                    Ann Surg Oncol 21
                        (Suppl 3), 390–397 (2014). https://doi.org/10.1245/s10434-014-3576-y
Download citation
	Received: 20 October 2013

	Published: 26 February 2014

	Issue Date: June 2014

	DOI: https://doi.org/10.1245/s10434-014-3576-y


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
	Liver Metastasis
	Hepatic Resection
	Preoperative Chemotherapy
	Colorectal Liver Metastasis
	Preoperative Imaging








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.92.194.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    