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[bookmark: N11231]
Abstract



          
Background and study aims Sealing esophageal leaks by stent placement allows healing in 44 % – 94 % of patients. We aimed to develop a prediction rule to predict the chance of successful stent therapy.



          
Patients and methods In this multicenter retrospective cohort study, patients with benign upper gastrointestinal leakage treated with stent placement were included. We used logistic regression analysis including four known clinical predictors of stent therapy outcome. The model performance to predict successful stent therapy was evaluated in an independent validation sample.



          
Results We included etiology, location, C-reactive protein, and size of the leak as clinical predictors. The model was estimated from 145 patients (derivation sample), and 59 patients were included in the validation sample. Stent therapy was successful in 55.9 % and 67.8 % of cases, respectively. The predicted probability of successful stent therapy was significantly higher in success patients compared with failure patients in both the derivation (P < 0.001) and validation (P < 0.001) samples. The area under the receiver operating characteristic curve was 74.1 % in the derivation sample and 84.7 % in the validation sample. When the model predicted ≥ 70 % chance of success, the positive predictive value was 79 % in the derivation sample and 87 % in the validation sample. When the model predicted ≤ 50 % chance of success, the negative predictive value was 64 % and 86 %, respectively.



          
Conclusions This prediction rule, consisting of four clinical predictors, could identify patients with esophageal leaks who were likely to benefit from or fail on stent therapy. The prediction rule can support clinical decision-making when the predicted probability of success is ≥ 70 % or ≤ 50 %.

      



      
[bookmark: N12430]
Supplementary material

      


      
	
Supplementary material



    







 

[bookmark: ]

[bookmark: N12448]
	
References


	
[bookmark: JR15611-1]1 

            Markar S, 
          

            Gronnier C, 
          

            Duhamel A. 
          
        et al. Pattern of postoperative mortality after esophageal cancer resection according to center volume: results from a large European multicenter study. Ann Surg Oncol 2015; 22: 2615-2623 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-2]2 

            Kassis ES, 
          

            Kosinski AS, 
          

            Ross Jr. P. 
          
        et al. Predictors of anastomotic leak after esophagectomy: an analysis of the society of thoracic surgeons general thoracic database. Ann Thorac Surg 2013; 96: 1919-1926 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-3]3 

            Rutegard M, 
          

            Lagergren P, 
          

            Rouvelas I. 
          
        et al. Intrathoracic anastomotic leakage and mortality after esophageal cancer resection: a population-based study. Ann Surg Oncol 2012; 19: 99-103 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-4]4 

            Schuchert MJ, 
          

            Abbas G, 
          

            Nason KS. 
          
        et al. Impact of anastomotic leak on outcomes after transhiatal esophagectomy. Surgery 2010; 148: 831-838 ; discussion 838–840 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-5]5 

            Van Daele E, 
          

            Van de Putte D, 
          

            Ceelen W. 
          
        et al. Risk factors and consequences of anastomotic leakage after Ivor Lewis oesophagectomy. Interact Cardiovasc Thorac Surg 2016; 22: 32-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-6]6 

            Zehetner J, 
          

            DeMeester SR, 
          

            Alicuben ET. 
          
        et al. Intraoperative assessment of perfusion of the gastric graft and correlation with anastomotic leaks after esophagectomy. Ann Surg 2015; 262: 74-78 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-7]7 

            Raymond DP, 
          

            Seder CW, 
          

            Wright CD. 
          
        et al. Predictors of major morbidity or mortality after resection for esophageal cancer: a Society of Thoracic Surgeons General Thoracic Surgery Database risk adjustment model. Ann Thorac Surg 2016; 102: 207-214 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-8]8 

            van der Schaaf M, 
          

            Lagergren J, 
          

            Lagergren P. 
          
        Persisting symptoms after intrathoracic anastomotic leak following oesophagectomy for cancer. Br J Surg 2012; 99: 95-99 





PubMedGoogle Scholar





	
[bookmark: JR15611-9]9 

            Luketich JD, 
          

            Pennathur A, 
          

            Franchetti Y. 
          
        et al. Minimally invasive esophagectomy: results of a prospective phase II multicenter trial – the Eastern Cooperative Oncology Group (E2202) study. Ann Surg 2015; 261: 702-707 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-10]10 

            Kataoka K, 
          

            Takeuchi H, 
          

            Mizusawa J. 
          
        et al. Prognostic impact of postoperative morbidity after esophagectomy for esophageal cancer: exploratory analysis of JCOG9907. Ann Surgery 2017; 265: 1152-1157 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-11]11 

            Goense L, 
          

            van Rossum PS, 
          

            Weijs TJ. 
          
        et al. Aortic calcification increases the risk of anastomotic leakage after Ivor–Lewis esophagectomy. Ann Thorac Surg 2016; 102: 247-252 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-12]12 

            Deldycke A, 
          

            Van Daele E, 
          

            Ceelen W. 
          
        et al. Functional outcome after Ivor Lewis esophagectomy for cancer. J Surg Oncol 2016; 113: 24-28 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-13]13 

            Fischer C, 
          

            Lingsma H, 
          

            Hardwick R. 
          
        et al. Risk adjustment models for short-term outcomes after surgical resection for oesophagogastric cancer. Br J Surg 2016; 103: 105-116 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-14]14 

            Dasari BV, 
          

            Neely D, 
          

            Kennedy A. 
          
        et al. The role of esophageal stents in the management of esophageal anastomotic leaks and benign esophageal perforations. Ann Surg 2014; 259: 852-860 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-15]15 

            van Halsema EE, 
          

            van Hooft JE. 
          
        Clinical outcomes of self-expandable stent placement for benign esophageal diseases: a pooled analysis of the literature. World J Gastrointest Endosc 2015; 7: 135-153 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-16]16 

            Persson S, 
          

            Rouvelas I, 
          

            Kumagai K. 
          
        et al. Treatment of esophageal anastomotic leakage with self-expanding metal stents: analysis of risk factors for treatment failure. Endosc Int Open 2016; 4: E420-426 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR15611-17]17 

            El Hajj II, 
          

            Imperiale TF, 
          

            Rex DK. 
          
        et al. Treatment of esophageal leaks, fistulae, and perforations with temporary stents: evaluation of efficacy, adverse events, and factors associated with successful outcomes. Gastrointest Endosc 2014; 79: 589-598 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-18]18 

            Gubler C, 
          

            Bauerfeind P. 
          
        Self-expandable stents for benign esophageal leakages and perforations: long-term single-center experience. Scand J Gastroenterol 2014; 49: 23-29 





PubMedGoogle Scholar





	
[bookmark: JR15611-19]19 

            Orive-Calzada A, 
          

            Calderon-Garcia A, 
          

            Bernal-Martinez A. 
          
        et al. Closure of benign leaks, perforations, and fistulas with temporary placement of fully covered metal stents: a retrospective analysis. Surg Laparosc Endosc Percutan Tech 2014; 24: 528-536 





PubMedGoogle Scholar





	
[bookmark: JR15611-20]20 

            Swinnen J, 
          

            Eisendrath P, 
          

            Rigaux J. 
          
        et al. Self-expandable metal stents for the treatment of benign upper GI leaks and perforations. Gastrointest Endosc 2011; 73: 890-899 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-21]21 

            Hirdes MM, 
          

            Siersema PD, 
          

            Houben MH. 
          
        et al. Stent-in-stent technique for removal of embedded esophageal self-expanding metal stents. Am J Gastroenterol 2011; 106: 286-293 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-22]22 

            van Buuren S, 
          

            Groothuis-Oudshoorn K. 
          
        mice: Multivariate Imputation by Chained Equations in R. J Stat Soft 2011; 45: 1-6 





PubMedGoogle Scholar





	
[bookmark: JR15611-23]23 

            Steyerberg EW, 
          

            Eijkemans MJ, 
          

            Harrell Jr. FE. 
          
        et al. Prognostic modelling with logistic regression analysis: a comparison of selection and estimation methods in small data sets. Stat Med 2000; 19: 1059-1079 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-24]24 

            Lenz CJ, 
          

            Bick BL, 
          

            Katzka D. 
          
        et al. Esophagorespiratory fistulas: survival and outcomes of treatment. J Clin Gastroenterol 2016; DOI: 10.1097/MCG.0000000000000751. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-25]25 

            Gronnier C, 
          

            Trechot B, 
          

            Duhamel A. 
          
        et al. Impact of neoadjuvant chemoradiotherapy on postoperative outcomes after esophageal cancer resection: results of a European multicenter study. Ann Surg 2014; 260: 764-770 ; discussion 770–761 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-26]26 

            van Hagen P, 
          

            Hulshof MC, 
          

            van Lanschot JJ. 
          
        et al. Preoperative chemoradiotherapy for esophageal or junctional cancer. New Engl J Med 2012; 366: 2074-2084 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-27]27 

            Gonzalez JM, 
          

            Servajean C, 
          

            Aider B. 
          
        et al. Efficacy of the endoscopic management of postoperative fistulas of leakages after esophageal surgery for cancer: a retrospective series. Surg Endosc 2016; 30: 4895-4903 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-28]28 

            Silon B, 
          

            Siddiqui AA, 
          

            Taylor LJ. 
          
        et al. Endoscopic management of esophagorespiratory fistulas: a multicenter retrospective study of techniques and outcomes. Dig Dis Sci 2017; 62: 424-431 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-29]29 

            Mennigen R, 
          

            Colombo-Benkmann M, 
          

            Senninger N. 
          
        et al. Endoscopic closure of postoperative gastrointestinal leakages and fistulas with the Over-the-Scope Clip (OTSC). J Gastrointest Surg 2013; 17: 1058-1065 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-30]30 

            Verlaan T, 
          

            Voermans RP, 
          

            van Berge Henegouwen MI. 
          
        et al. Endoscopic closure of acute perforations of the GI tract: a systematic review of the literature. Gastrointest Endosc 2015; 82: 618-628 e615 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-31]31 

            Guo J, 
          

            Chu X, 
          

            Liu Y. 
          
        et al. Choice of therapeutic strategies in intrathoracic anastomotic leak following esophagectomy. World J Surg Oncol 2014; 12: 402 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-32]32 

            Lee DH, 
          

            Kim HR, 
          

            Kim SR. 
          
        et al. Comparison of clinical outcomes after conservative and surgical treatment of isolated anastomotic leaks after esophagectomy for esophageal cancer. Dis Esophagus 2013; 26: 609-615 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-33]33 

            Lee S, 
          

            Ahn JY, 
          

            Jung HY. 
          
        et al. Clinical outcomes of postoperative upper gastrointestinal leakage according to treatment modality. Dig Dis Sci 2016; 61: 523-532 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-34]34 

            Leeds SG, 
          

            Burdick JS, 
          

            Fleshman JW. 
          
        Endoluminal vacuum therapy for esophageal and upper intestinal anastomotic leaks. JAMA Surg 2016; 151: 573-574 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR15611-35]35 

            Brangewitz M, 
          

            Voigtlander T, 
          

            Helfritz FA. 
          
        et al. Endoscopic closure of esophageal intrathoracic leaks: stent versus endoscopic vacuum-assisted closure, a retrospective analysis. Endoscopy 2013; 45: 433-438 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR15611-36]36 

            Mennigen R, 
          

            Harting C, 
          

            Lindner K. 
          
        et al. Comparison of endoscopic vacuum therapy versus stent for anastomotic leak after esophagectomy. J Gastrointest Surg 2015; 19: 1229-1235 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supplementary material











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 50.19.159.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  