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Abstract



            
Introduction Pediatric necrotizing fasciitis (NF) is a rare but severe, life-threatening infection. Early diagnosis is crucial to reduce morbidity and mortality, but initial symptoms are nonspecific. Little sound data exists on factors aiding clinicians to recognize NF in children. With a systematic literature review, we aimed to better characterize pediatric NF. We focused on triggers, symptoms, and laboratory and microbiological findings and differences between pediatric adult patients.



            
Materials and Methods A literature research was conducted according to the guidance of the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses.” Articles published between January 2010 and October 2015 were included. Data extraction was performed as an iterative process.



            
Results A total of 32 articles describing 53 pediatric patients with NF were included in the analysis. Overall mortality was 15.4%. Frequency peaks were found for neonates and children aged between 1 and 2 years. These two age groups were predominantly affected on the torso. Another frequency peak was found in patients aged around 10 years of age. These patients were predominantly affected on the extremities and face. In general, early symptoms were found to be fever, erythema, localized selling, and tenderness or pain. “Pain out of proportion” was not mentioned as a typical symptom. Fever and leukocytosis were more common in teenage patients. Monomicrobial necrotizing (type 2) fasciitis was much more common than polymicrobial (type 1) fasciitis. Next to Streptococci and Staphylococci, Pseudomonas aeruginosa was often isolated. Early aggressive surgical treatment was the treatment of choice.



            
Conclusions Pediatric NF has distinguishing features that differ from adult NF. Knowledge of these details should increase early diagnosis and improve treatment.






        
[bookmark: N10D50]
Keywords

necrotizing fasciitis - 
pseudomonas - 
pediatric - 
child
      




 

[bookmark: ]

[bookmark: N13481]
	
References


	
[bookmark: JR163702rev-1]1 Kumar M, Meeks A, Kearl L. Necrotizing fasciitis of the chest wall: report of pediatric cases. Pediatr Emerg Care 2015; 31 (9) 656-660 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-2]2 Machado NO. Necrotizing fasciitis: the importance of early diagnosis, prompt surgical debridement and adjuvant therapy. North Am J Med Sci 2011; 3: 107-118 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-3]3 Jamal N, Teach SJ. Necrotizing fasciitis. Pediatr Emerg Care 2011; 27 (12) 1195-1199 , quiz 1200–1202 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-4]4 Fustes-Morales A, Gutierrez-Castrellon P, Duran-Mckinster C, Orozco-Covarrubias L, Tamayo-Sanchez L, Ruiz-Maldonado R. Necrotizing fasciitis: report of 39 pediatric cases. Arch Dermatol 2002; 138 (7) 893-899 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-5]5 Legbo JN, Shehu BB. Necrotising fasciitis: experience with 32 children. Ann Trop Paediatr 2005; 25 (3) 183-189 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-6]6 Melchionda F, Pession A. Negative pressure treatment for necrotizing fasciitis after chemotherapy. Pediatr Rep 2011; 3 (4) e33 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-7]7 Shi S, Jia S, Liu J, Chen G, He S. Continuous renal replacement therapy as a supportive treatment for acute pediatric necrotizing fasciitis. Cell Biochem Biophys 2014; 69 (2) 219-223 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-8]8 Tancevski A, Bono K, Willis L, Klingele K. Necrotizing fasciitis in a pediatric orthopedic population. Orthopedics 2013; 36 (6) e741-e745 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-9]9 Lin Y-S, Hung M-H, Chen C-C, Huang KF, Ko WC, Tang HJ. Tigecycline salvage therapy for necrotizing fasciitis caused by Vibrio vulnificus: case report in a child. J Microbiol Immunol Infect 2016; 49 (1) 138-141 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-10]10 Endorf FW, Garrison MM, Klein MB, Richardson A, Rivara FP. Characteristics, therapies, and outcome of children with necrotizing soft tissue infections. Pediatr Infect Dis J 2012; 31 (3) 221-223 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-11]11 Moher D, Liberati A, Tetzlaff J, Altman DG ; PRISMA Group.  Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol 2009; 62 (10) 1006-1012 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-12]12 van Haselen RA. Towards improving the reporting quality of clinical case reports in complementary medicine: assessing and illustrating the need for guideline development. Complement Ther Med 2015; 23 (2) 141-148 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-13]13 Rouzrokh M, Tavassoli A, Mirshemirani A. Fournier's gangrene in children: report on 7 cases and review of literature. Iran J Pediatr 2014; 24 (5) 660-661 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-14]14 Akın Y, Celayir AC, Aköz T , et al.  Necrotizing fasciitis of the perineum. World J Pediatr 2013; 9 (2) 185-187 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-15]15 Al-Subhi F, Zuker R, Cole W. Vacuum-assisted closure as a surgical assistant in life-threatening necrotizing fasciitis in children. Can J Plast Surg 2010; 18 (4) 139-142 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-16]16 Bagri N, Saha A, Dubey NK, Rai A, Bhattacharya S. Skin grafting for necrotizing fasciitis in a child with nephrotic syndrome. Iran J Kidney Dis 2013; 7 (6) 496-498 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-17]17 Barker L, Pringle K, Cusack J. Necrotising fasciitis with Escherichia coli in a newborn infant after abdominal surgery. Arch Dis Child Fetal Neonatal Ed 2013; 98 (5) F404 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-18]18 Boo YJ, Nam MH, Lee EH, Lee KC. Cyclic neutropenia with a novel gene mutation presenting with a necrotizing soft tissue infection and severe sepsis: case report. BMC Pediatr 2015; 15: 34 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-19]19 Buonuomo PS, Campana A, Insalaco A, Bracaglia C, Pardeo M, Cortis E. Necrotizing fasciitis in a pediatric patient treated with etanercept and cyclosporine for macrophage activation syndrome. Rheumatol Int 2013; 33 (4) 1097-1098 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-20]20 Delasobera BE, Place R, Howell J, Davis JE. Serious infectious complications related to extremity cast/splint placement in children. J Emerg Med 2011; 41 (1) 47-50 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-21]21 Ho C, Israni M, Johnson J. Visual diagnosis: 10-year-old girl with fever and altered mental status. Pediatrics in review/Academy of Pediatrics 2013; 34 (10) 474-477 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-22]22 Inoue S, Odaka A, Hashimoto D , et al.  Rare case of disseminated neonatal zygomycosis mimicking necrotizing enterocolitis with necrotizing fasciitis. J Pediatr Surg 2011; 46 (10) E29-E32 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-23]23 King E, Chun R, Sulman C. Pediatric cervicofacial necrotizing fasciitis: a case report and review of a 10-year national pediatric database. Arch Otolaryngol Head Neck Surg 2012; 138 (4) 372-375 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-24]24 Kuroda J, Inoue N, Satoh H, Fukuzawa R, Terakawa T, Hasegawa Y. Neonatal necrotizing fasciitis of the scrotum caused by Streptococcus agalactiae
        . Pediatr Int 2015; 57 (2) e56-e58 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-25]25 Kuzdan C, Soysal A, Altinkanat G, Aksu B, Söyletir G, Bakir M. Recurrent fatal necrotizing fasciitis due to Streptococcus pyogenes in a child with hereditary sensory and automic neuropathy type IV. Jpn J Infect Dis 2011; 64 (2) 147-149 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-26]26 Kwak BO, Lee MJ, Park HW, Song MK, Chung S, Kim KS. Necrotizing fasciitis and streptococcal toxic shock syndrome secondary to varicella in a healthy child. Korean J Pediatr 2014; 57 (12) 538-541 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-27]27 Lalich IJ, Sam-Agudu NA. Community-acquired methicillin-resistant Staphylococcus aureus necrotizing fasciitis in a healthy adolescent male. Minn Med 2010; 93 (9) 44-46 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-28]28 Lebel E, Karasik M, Shahroor-Karni S, Peyser A. Necrotizing upper limb fasciitis in a newborn: an uncommon life-threatening event. J Pediatr Orthop B 2012; 21 (6) 536-538 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-29]29 Lehman D, Tseng CW, Eells S , et al.  
          Staphylococcus aureus Panton-Valentine leukocidin targets muscle tissues in a child with myositis and necrotizing fasciitis. Clin Infect Dis 2010; 50 (1) 69-72 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-30]30 Peker E, Kirimi E, Tuncer O, Ceylan A, Cagan E, Dogan M. Necrotizing fasciitis caused by Staphylococcus epidermidis in a neonate with extremely low birthweight. J Dermatol 2010; 37 (7) 671-673 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-31]31 Roy M, Ahmed SM, Pal J, Biswas S. Community acquired methicillin resistant Staphylococcus aureus: a rare presentation. Indian J Pediatr 2010; 77 (11) 1332-1334 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-32]32 Scheepers MA, Keel S, Michaelides M. Bilateral necrotising fasciitis of the ocular adnexa secondary to Pseudomonas aeruginosa septicaemia in a HIV-positive child. Orbit 2010; 29 (1) 63-64 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-33]33 Seigel JK, Stadler ME, Lombrano JL, Almony JS, Couch ME, Belhorn TH. 
          Chromobacterium violaceum necrotizing fasciitis: a case report and review of the literature. Ear Nose Throat J 2012; 91 (11) 479-483 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-34]34 Shirley R, Mackey S, Meagher P. Necrotising fasciitis: a sequelae of varicella zoster infection. J Plast Reconstr Aesthet Surg 2011; 64 (1) 123-127 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-35]35 Song CT, Hamilton R, Song C, Kong TY, Lo S. Enabling the diagnosis of necrotising fasciitis without associated skin changes in a paediatric patient with acute lymphoblastic leukaemia: the LRINEC score. J Plast Reconstr Aesthet Surg 2015; 68 (1) e23-e24 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-36]36 Stone LA, Harshbarger III RJ. Orbital necrotizing fasciitis and osteomyelitis caused by Arcanobacterium haemolyticum: a case report. Ophthal Plast Reconstr Surg 2015; 31 (2) e31-e33 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-37]37 Szabó L, Szegedi I, Kiss C , et al.  Excessive pediatric fasciitis necrotisans due to Pseudomonas aeruginosa infection successfully treated with negative pressure wound therapy. Dermatol Ther 2015; 28 (5) 300-302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-38]38 Thapa R, Mallick D, Biswas B. Necrotizing fasciitis following BCG vaccination. Indian Pediatr 2011; 48 (3) 235-237 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-39]39 Walls T, Williams G, Adams S, Sugo E, Mulcahy D. Neonatal necrotising fasciitis following superficial skin infection with community-associated methicillin-resistant Staphylococcus aureus
        . J Paediatr Child Health 2011; 47 (12) 918-920 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-40]40 Yeilding RH, O'Day DM, Li C, Alexander PT, Mawn LA. Periorbital infections after Dermabond closure of traumatic lacerations in three children. J AAPOS 2012; 16 (2) 168-172 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR163702rev-41]41 Sitzmann FC. Duale Reihe Pädiatrie. Stuttgart: Thieme; 2007 





Article in Thieme ConnectGoogle Scholar





	
[bookmark: JR163702rev-42]42 Eneli I, Davies HD. Epidemiology and outcome of necrotizing fasciitis in children: an active surveillance study of the Canadian Paediatric Surveillance Program. J Pediatr 2007; 151 (1) 79-84 , 84.e1 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-43]43 Nazir Z. Necrotizing fasciitis in neonates. Pediatr Surg Int 2005; 21 (8) 641-644 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-44]44 Aronoff DM, Bloch KC. Assessing the relationship between the use of nonsteroidal antiinflammatory drugs and necrotizing fasciitis caused by group A streptococcus. Medicine (Baltimore) 2003; 82 (4) 225-235 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-45]45 Childers BJ, Potyondy LD, Nachreiner R , et al.  Necrotizing fasciitis: a fourteen-year retrospective study of 163 consecutive patients. Am Surg 2002; 68 (2) 109-116 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-46]46 Bingöl-Koloğlu M, Yildiz RV, Alper B , et al.  Necrotizing fasciitis in children: diagnostic and therapeutic aspects. J Pediatr Surg 2007; 42 (11) 1892-1897 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-47]47 Clark P, Davidson D, Letts M, Lawton L, Jawadi A. Necrotizing fasciitis secondary to chickenpox infection in children. Can J Surg 2003; 46 (1) 9-14 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-48]48 Moss RL, Musemeche CA, Kosloske AM. Necrotizing fasciitis in children: prompt recognition and aggressive therapy improve survival. J Pediatr Surg 1996; 31 (8) 1142-1146 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-49]49 Murphy JJ, Granger R, Blair GK, Miller GG, Fraser GC, Magee JF. Necrotizing fasciitis in childhood. J Pediatr Surg 1995; 30 (8) 1131-1134 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-50]50 Schuster L, Nuñez DE. Using clinical pathways to aid in the diagnosis of necrotizing soft tissue infections synthesis of evidence. Worldviews Evid Based Nurs 2012; 9 (2) 88-99 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-51]51 Gamble J, Bethell D, Day NP , et al.  Age-related changes in microvascular permeability: a significant factor in the susceptibility of children to shock?. Clin Sci (Lond) 2000; 98 (2) 211-216 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-52]52 Wong C-H, Khin L-W, Heng K-S, Tan KC, Low CO. The LRINEC (Laboratory Risk Indicator for Necrotizing Fasciitis) score: a tool for distinguishing necrotizing fasciitis from other soft tissue infections. Crit Care Med 2004; 32 (7) 1535-1541 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-53]53 Khamnuan P, Chongruksut W, Jearwattanakanok K, Patumanond J, Tantraworasin A. Necrotizing fasciitis: epidemiology and clinical predictors for amputation. Int J Gen Med 2015; 8: 195-202 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-54]54 Ekingen G, Isken T, Agir H, Oncel S, Günlemez A. Fournier's gangrene in childhood: a report of 3 infant patients. J Pediatr Surg 2008; 43 (12) e39-e42 





PubMedGoogle Scholar





	
[bookmark: JR163702rev-55]55 Edlich RF, Cross CL, Dahlstrom JJ, Long III WB. Modern concepts of the diagnosis and treatment of necrotizing fasciitis. J Emerg Med 2010; 39 (2) 261-265 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-56]56 Giuliano A, Lewis Jr F, Hadley K, Blaisdell FW. Bacteriology of necrotizing fasciitis. Am J Surg 1977; 134 (1) 52-57 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-57]57 Frank AL, Marcinak JF, Mangat PD, Schreckenberger PC. Increase in community-acquired methicillin-resistant Staphylococcus aureus in children. Clin Infect Dis 1999; 29 (4) 935-936 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-58]58 Purcell K, Fergie JE. Exponential increase in community-acquired methicillin-resistant Staphylococcus aureus infections in South Texas children. Pediatr Infect Dis J 2002; 21 (10) 988-989 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-59]59 Zimbelman J, Palmer A, Todd J. Improved outcome of clindamycin compared with beta-lactam antibiotic treatment for invasive Streptococcus pyogenes infection. Pediatr Infect Dis J 1999; 18 (12) 1096-1100 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-60]60 Gemmell CG, Peterson PK, Schmeling D , et al.  Potentiation of opsonization and phagocytosis of Streptococcus pyogenes following growth in the presence of clindamycin. J Clin Invest 1981; 67 (5) 1249-1256 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-61]61 Stevens DL, Bryant AE, Hackett SP. Antibiotic effects on bacterial viability, toxin production, and host response. Clin Infect Dis 1995; 20 (Suppl. 02) S154-S157 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR163702rev-62]62 Wakhlu A, Chaudhary A, Tandon RK, Wakhlu AK. Conservative management of necrotizing fascitis in children. J Pediatr Surg 2006; 41 (6) 1144-1148 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 35.174.3.48
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  