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Appendix 1: Basics of Surgical Management in the Care of Necrotizing Fasciitis. 

 

Basics of Surgical Management:  

Because early surgical intervention is such an important component of necrotizing fasciitis 
management, it is important to understand some of the differing priorities amongst treating 
surgeons. One general consensus is that “surgeons must be bloody, bold, and resolute” when 
treating this condition (1). Furthermore, Wong et al., elaborates a list of four priorities that every 
surgeon should have when surgically debriding necrotizing fasciitis: confirmation of the diagnosis 
(through biopsy and physical findings), delineation of disease extent, complete resection of 
infected tissue, and post-op wound care (2). With regards to the extent of surgical debridement, 
the same authors provide a guide to define the extent of dissection necessary. They break the 
infection into three zones based on skin examination with Zone I being the epicenter of infection 
(hemorrhagic bullae, necrotic tissue, etc.), Zone II being the distal extent of infection (pain, 
erythema, soft tissue swelling), and Zone III being the normal surrounding tissue. They, as well 
as other others, suggest aggressive removal of all necrotic skin/subcutaneous tissue and all 
effected fascia with a ~5-10mm margin of unaffected margins. Some surgeons define the limit of 
infected tissue as fascia that can no longer be bluntly dissected by a finger, whereas others use 
serial intraoperative frozen sections to determine the extent of infection, akin to tumor resection 
(2-4). The limit is usually between zones II and III. However, some disagree with this extensive of 
an initial resection and suggest and desire to save as much viable skin as possible. Thus, they 
advocate for more conservative initial resection with planned return to the OR for additional 
debridement sometimes as soon as 24 hours after the original operation (2, 5). In general, it is 
well accepted that necrotizing fasciitis requires multiple debridements (often 3 or more) whether 
they are planned or dictated by clinical presentation (1).  

Finally, wound care after initial surgical debridement is very important since the surgical wounds 
are almost never primarily closed, due to the frequent need for re-exploration. Some surgeons 
advocate for the use of non-adherent dressings with antimicrobial agents added (i.e. antibiotic 
cream, Dakins, active silver dressings). These dressings are then covered with some form of 
pressure dressing or ACE wrap (2). Other surgeons advocate for the use of negative pressure 
“wound vacs” over the debrided areas to promote vascularization, tissue granulation, and removal 
of excess bacteria (1, 6). Others suggest that negative pressure coverage increases the risk of 
hemorrhage due to the high rates of coagulopathy in these patients. Clearly, treating necrotizing 
fasciitis is left up to best clinical judgement with early recognition, intervention, and reassessment 
being paramount. 

 

References 

1. Morgan MS. Diagnosis and management of necrotising fasciitis: a multiparametric approach. J 
Hosp Infect. 2010;75(4):249-57. doi: 10.1016/j.jhin.2010.01.028. PubMed PMID: 20542593. 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
HYSONG ET AL.  
NECROTIZING FASCIITIS: PILLAGING THE ACUTE PHASE RESPONSE 
http://dx.doi.org/10.2106/JBJS.19.00591 
Page 2 
 
2. Wong CH, Yam AK, Tan AB, Song C. Approach to debridement in necrotizing fasciitis. Am J Surg. 
2008;196(3):e19-24. doi: 10.1016/j.amjsurg.2007.08.076. PubMed PMID: 18614147. 
3. Majeski JA, Alexander JW. Early diagnosis, nutritional support, and immediate extensive 
debridement improve survival in necrotizing fasciitis. Am J Surg. 1983;145(6):784-7. doi: 10.1016/0002-
9610(83)90140-x. PubMed PMID: 6344676. 
4. Majeski J, Majeski E. Necrotizing fasciitis: improved survival with early recognition by tissue 
biopsy and aggressive surgical treatment. South Med J. 1997;90(11):1065-8. doi: 10.1097/00007611-
199711000-00001. PubMed PMID: 9386043. 
5. Tom LK, Wright TJ, Horn DL, Bulger EM, Pham TN, Keys KA. A Skin-Sparing Approach to the 
Treatment of Necrotizing Soft-Tissue Infections: Thinking Reconstruction at Initial Debridement. J Am 
Coll Surg. 2016;222(5):e47-60. doi: 10.1016/j.jamcollsurg.2016.01.008. PubMed PMID: 26968320. 
6. 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):139-42. doi: 10.1177/229255031001800412. 
PubMed PMID: 22131841; PMCID: PMC3006112. 

  



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
HYSONG ET AL.  
NECROTIZING FASCIITIS: PILLAGING THE ACUTE PHASE RESPONSE 
http://dx.doi.org/10.2106/JBJS.19.00591 
Page 3 
 
Appendix 2: Necrotizing Fasciitis Hijacks the APR. 

 
S. pyogenes, the most common cause of necrotizing fasciitis, is an excellent model for 
demonstrating how pathogens hijack and evade the body’s protective containment mechanisms 
(1). S. pyogenes expresses the virulence factor streptokinase, which constitutively activates 
plasmin and consequently fibrinolysis (2-4). Plasmin bound to streptokinase is resistant to 
deactivation and prevents formation of the fibrin/platelet web at the site of infection, allowing S. 
pyogenes to spread through tissues and along fascial planes (Supplemental Figure 2A) (5, 6). 
In fact, murine studies have shown that mice cannot develop necrotizing fasciitis without first 
receiving humanized plasmin because streptokinase cannot activate murine plasminogen (4, 7). 
Together, these results emphasize the critical role of plasmin manipulation and the evasion of 
containment in the pathophysiology of infections such as necrotizing fasciitis (4, 8). Finally, S. 
pyogenes also expresses DNAse B, an enzyme that cleaves DNA and prevents formation of 
neutrophil extracellular traps (Supplemental Figure 2B) (9). Thus, these virulence factors allow 
S. pyogenes to rapidly disseminate through tissues (Supplemental Figure 2C). Using similar 
pathologic mechanisms, S. aureus, P. aeruginosa, and E. coli can also manipulate the 
plasminogen-plasmin system to evade containment and disseminate through tissues (Table 1) 
(10-14).  
 
S. aureus is another pathogen that can hijack the body’s containment mechanisms and cause 
necrotizing fasciitis. Unlike S. pyogenes, which activates plasmin to prevent trapping by the fibrin 
web, S. aureus expresses the virulence factors coagulase and von Willebrand binding protein 
(vWBP) to initially activate fibrin formation (15-18). This abnormal activation of coagulation leads 
to the formation of a fibrin web that protects the bacteria and prevents host immune cells from 
clearing the infection, resulting in abscess formation. When the abscess reaches quorum 
(necessary pathogen density), S. aureus expresses the virulence factor staphylokinase, which 
similarly to streptokinase, activates plasmin to promote fibrinolysis, leading to abscess rupture 
and bacterial dissemination (19). 
 
In summary, virulence factors acquired by the bacteria causing necrotizing fasciitis, such as 
streptokinase, DNAse B, VWBP, and staphylokinase, allow for the evasion of bacterial 
containment mechanisms and the destruction of tissue planes, lead to the characteristic finding 
of “dishwater fluid” instead of fibrinous pus during surgical debridement of necrotizing fasciitis 
(Supplemental Figure 2C). Importantly, as these pathogens promote fibrinolysis, the coagulation 
system is constitutively activated in an ineffective attempt to contain the infection, leading to 
consumption of clotting factors and SIC (20, 21). 
 

References 

1. Khamnuan P, Chongruksut W, Jearwattanakanok K, Patumanond J, Tantraworasin A. Necrotizing 
fasciitis: epidemiology and clinical predictors for amputation. International journal of general medicine. 
2015;8:195. 
2. Loof TG, Deicke C, Medina E. The role of coagulation/fibrinolysis during Streptococcus pyogenes 
infection. Frontiers in cellular and infection microbiology. 2014;4:128. 
3. Verhamme I, Panizzi P, Bock P. Pathogen activators of plasminogen. Journal of Thrombosis and 
Haemostasis. 2015;13:S106-S14. 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
HYSONG ET AL.  
NECROTIZING FASCIITIS: PILLAGING THE ACUTE PHASE RESPONSE 
http://dx.doi.org/10.2106/JBJS.19.00591 
Page 4 
 
4. Sun H, Ringdahl U, Homeister J, Fay W, Engleberg N, Yang A, Rozek L, Wang X, Sjöbring U, 
Ginsburg D. Plasminogen is a critical host pathogenicity factor for group A streptococcal infection. 
Science (New York, NY). 2004;305(5688):1283. 
5. Aisina R, Mukhametova L, Gulin D, Gershkovich K, Varfolomeyev S. Streptokinase and 
staphylokinase: differences in the kinetics and mechanism of their interaction with plasminogen, 
inhibitors, and fibrin. Russian Journal of Bioorganic Chemistry. 2015;41(5):506-17. 
6. Huish S, Thelwell C, Longstaff C. Activity regulation by fibrinogen and fibrin of streptokinase 
from streptococcus pyogenes. PloS one. 2017;12(1):e0170936. 
7. McKay FC, McArthur JD, Sanderson-Smith ML, Gardam S, Currie BJ, Sriprakash KS, Fagan PK, 
Towers RJ, Batzloff MR, Chhatwal GS. Plasminogen binding by group A streptococcal isolates from a 
region of hyperendemicity for streptococcal skin infection and a high incidence of invasive infection. 
Infection and immunity. 2004;72(1):364-70. 
8. Stevens DL, Bryant AE. Necrotizing Soft-Tissue Infections. N Engl J Med. 2017;377(23):2253-65. 
doi: 10.1056/NEJMra1600673. PubMed PMID: 29211672. 
9. Buchanan JT, Simpson AJ, Aziz RK, Liu GY, Kristian SA, Kotb M, Feramisco J, Nizet V. DNase 
expression allows the pathogen group A Streptococcus to escape killing in neutrophil extracellular traps. 
Current Biology. 2006;16(4):396-400. 
10. An TJ, Benvenuti MA, Mignemi ME, Thomsen IP, Schoenecker JG. Pediatric Musculoskeletal 
Infection: Hijacking the Acute-Phase Response. JBJS Rev. 2016;4(9). doi: 10.2106/JBJS.RVW.15.00099. 
PubMed PMID: 27760072. 
11. Hollander JE. Drotrecogin alfa (activated) in septic shock. The New England journal of medicine. 
2012;367(10):968; author reply 9. 
12. Mignemi ME, Langdon NW, Schoenecker JG. Vitamin K-Dependent Coagulopathy in Pediatric 
Osteomyelitis: A Case Report. JBJS Case Connect. 2013;3(1):e21. doi: 10.2106/JBJS.CC.L.00169. PubMed 
PMID: 29252326. 
13. da Silva ClMF, de Abreu Vidipó L, Nishi R, Plotkowski MC. Binding of plasminogen to 
Pseudomonas aeruginosa results in formation of surface-associated plasmin and enhanced bacterial 
invasiveness. Microbial pathogenesis. 2004;36(2):59-66. 
14. Lähteenmäki K, Westerlund B, Kuusela P, Korhonen TK. Immobilization of plasminogen on 
Escherichia coli flagella. FEMS Microbiology Letters. 1993;106(3):309-14. 
15. Panizzi P, Friedrich R, Fuentes-Prior P, Bode W, Bock P. The staphylocoagulase family of 
zymogen activator and adhesion proteins. Cellular and Molecular Life Sciences CMLS. 2004;61(22):2793-
8. 
16. Friedrich R, Panizzi P, Fuentes-Prior P, Richter K, Verhamme I, Anderson PJ, Kawabata S-I, Huber 
R, Bode W, Bock PE. Staphylocoagulase is a prototype for the mechanism of cofactor-induced zymogen 
activation. Nature. 2003;425(6957):535. 
17. Kroh HK, Panizzi P, Bock PE. Von Willebrand factor-binding protein is a hysteretic conformational 
activator of prothrombin. Proceedings of the National Academy of Sciences. 2009;106(19):7786-91. 
18. Crosby SN, Jr., Kim EJ, Koehler DM, Rohmiller MT, Mencio GA, Green NE, Lovejoy SA, 
Schoenecker JG, Martus JE. Twenty-Year Experience with Rigid Intramedullary Nailing of Femoral Shaft 
Fractures in Skeletally Immature Patients. J Bone Joint Surg Am. 2014;96(13):1080-9. doi: 
10.2106/JBJS.M.01128. PubMed PMID: 24990973. 
19. Peetermans M, Vanassche T, Liesenborghs L, Claes J, Velde GV, Kwiecinksi J, Jin T, De Geest B, 
Hoylaerts MF, Lijnen RH. Plasminogen activation by staphylokinase enhances local spreading of S. aureus 
in skin infections. BMC microbiology. 2014;14(1):310. 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
HYSONG ET AL.  
NECROTIZING FASCIITIS: PILLAGING THE ACUTE PHASE RESPONSE 
http://dx.doi.org/10.2106/JBJS.19.00591 
Page 5 
 
20. Gafter-Gvili A, Mansur N, Bivas A, Zemer-Wassercug N, Bishara J, Leibovici L, Paul M, editors. 
Thrombocytopenia in Staphylococcus aureus bacteremia: risk factors and prognostic importance. Mayo 
Clinic Proceedings; 2011: Elsevier. 
21. Reglinski M, Sriskandan S. The contribution of group A streptococcal virulence determinants to 
the pathogenesis of sepsis. Virulence. 2014;5(1):127-36. 

  



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
HYSONG ET AL.  
NECROTIZING FASCIITIS: PILLAGING THE ACUTE PHASE RESPONSE 
http://dx.doi.org/10.2106/JBJS.19.00591 
Page 6 
 

  

Supplemental Figure 1: LRINEC Score Calculation. A score of > 6 has PPV of 92% of having 
necrotizing fasciitis. Patients with a LRINEC score of ≥6 should be carefully evaluated for 
necrotizing fasciitis, per Wong et al. (Wong CH, Khin LW, Heng KS, 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 Jul;32[7]:1535-41). 
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Supplemental Figure 2: Pathologic Molecular Mechanisms Behind Necrotizing Fasciitis. A) Plasmin 
activation. i) Under physiologic conditions, the body employs tight control over fibrinolysis. Plasminogen 
is converted into its active form, plasmin, by either tPA (tissue plasminogen activator) or uPA (urokinase-
type plasminogen activator) and, once activated, can break down fibrin. After plasmin has completed its 
job, the body expresses proteins like α2-antiplasmin, which bind plasmin and inhibit further fibrinolysis. ii) 
In the setting of NF, S. pyogenes expresses streptokinase which activates plasminogen independent of 
tPA/uPA. Plasminogen activated by streptokinase cannot be inhibited by the body’s regulatory 
mechanisms thereby allowing the bacteria to rapidly degrade clots that the body develops to contain the 
infection. B) As an additional means to contain bacteria, the body utilizes DNA webs, released by 
neutrophils (i). However, virulent strains of S. pyogenes express the factor, DNase B, which allows it to 
degrade the DNA webs and further evade containment (ii). C) Together, S. pyogenes utilizes these 
mechanisms to evade containment and rapidly spread under facial planes. The body’s repetitive and 
unsuccessful attempts to contain the bacteria contributes to the consumption of clotting factors that 
often occurs in the setting of NF. 
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Supplemental Figure 3: Example Patient with Necrotizing Fasciitis Demonstrating 
Coagulopathy and Decreased Cortisol Levels. Patient was a 17-month-old female that presented 
initially to a regional hospital with fever, nausea, vomiting, and diarrhea. Physical exam and 
laboratory values at presentation were unremarkable. The patient was discharged home with 
supportive care for a presumptive diagnosis of “the flu.” The patient’s fever persisted over the next 
3 days, and on the third day her arm was noted to be swollen with dark discoloration of her fingers 
and bloody yellow discharge from her antecubital fossa. The patient presented to her primary care 
physician who immediately referred her to the emergency department. Upon arrival to the 
emergency department, she was found to be febrile to 101°F and tachycardic. Physical exam 
revealed a grossly swollen right arm that was mottled, cool to the touch, and exquisitely painful. 
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Radial and ulnar pulses were absent in the right extremity, but doppler ultrasound did reveal a right 
brachial pulse. Heparin was administered for suspected thrombosis; however, it was discontinued 
when the patient was found to have a platelet count of 27,000/µL. Due to concern for sepsis the 
patient was started on vancomycin and ceftriaxone and was transferred to our tertiary care hospital. 
Throughout her course of care, vital signs and major coagulation labs were taken during treatment, 
illustrating the downward course of her disease and attempted efforts at resuscitation. A) During 
the course of her infection, her serum cortisol (red line) trended steadily downward along with her 
mean arterial pressures (black line). She received a bolus of IV saline, which normalized her blood 
pressure. However, she had continued respiratory distress and was subsequently intubated. B) 
Once stable, she remained normotensive in the emergency department without pressure support. 
Her fever increased to 102.5°F, and her coagulopathy worsened with a PT-INR (red line) of 1.9, 
which remained elevated above 1.6 for the duration of her disease course. To correct her 
coagulopathy, she was administered vitamin K, fresh frozen plasma, and packed blood cells. 
Platelet count (black line) was also depressed below 70,000/µL throughout her hospitalization. C) 
During this time, orthopaedics diagnosed the patient with compartment syndrome and had high 
concern for NF. The patient was taken to the OR for emergent fasciotomy, fascial biopsy, 
irrigation, and debridement. Fascial biopsy confirmed the diagnosis of NF. Of note, the patient 
required multiple rounds of calcium and blood products to maintain adequate perfusion pressures 
throughout the procedure. After the fasciotomy, the vascular status of the patient’s arm improved, 
and her right radial pulse returned. The incisions were left open for a repeat debridement the 
following morning. Initially, the patient was normotensive upon admission to the ICU, and the 
team serially monitored serum cortisol to assess for the development of corticosteroid 
insufficiency (A). Fresh frozen plasma and blood products were continued to achieve a target PT-
INR of <1.3 and platelet count of >30,000/µL (a second dose of vitamin K was ordered but not 
administered). Antibiotics (clindamycin, vancomycin, penicillin G, and ceftriaxone) were 
continued and IVIG was added to attenuate her inflammatory response. The patient remained 
hemodynamically stable without the use of vasopressors throughout the night but became 
hypotensive in the early morning. The decision was made to begin dopamine for pressure support. 
Repeat evaluation by the orthopaedic surgery team revealed a similar exam without spread of the 
infection, and they proceeded with the planned debridement. The procedure was completed 
without complication and intraoperative fascial biopsy displayed no evidence of infection. 
However, shortly after the debridement, the patient developed abdominal distension concerning 
for abdominal compartment syndrome. She quickly decompensated and was taken for emergent 
exploratory laparotomy. Her abdomen was opened, and a silo was placed. After surgery, chest 
compressions were required for over an hour due to pulseless electrical activity. A rhythm was 
eventually obtained; however, the patient’s blood pressure remained persistently low despite 
resuscitative efforts. After 3 hours, the patient’s parents requested that all lifesaving medical 
treatment be stopped, and the patient expired. Autopsy revealed that the cause of death was severe 
sepsis with DIC. Pertinent findings included bilateral subarachnoid hemorrhages, gram-positive 
cocci in the antecubital fossa and bilateral lungs, and widespread petechiae on the gastrointestinal 
mucosa. Labs shortly before death revealed a random serum total cortisol of 43.3 µg/dL (drawn at 
9:30 am), PT-INR of 1.7, and platelet count of 32,000/µL, and blood and soft tissue cultures 
revealed Group A streptococcus. 
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Supplemental Figure 4:  
Example Patient with Necrotizing Fasciitis Demonstrating Coagulopathy and Decreased 
Cortisol Levels with Steroid Administration. Patient was a 12-year-old girl who presented to 
the emergency department of our tertiary care center, following referral from her primary care 
physician, three days after falling and scraping her left knee. Over the course of day, the patient’s 
knee became erythematous, painful, and swollen. She developed a subjective fever, rigors, and 
emesis. In the emergency department, she was found to be febrile to 102.7°F with severe pain 
radiating from her left knee to her groin on ambulation. An x-ray of the knee was consistent with 
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soft tissue swelling. Infectious and inflammatory labs were drawn. While waiting for results, the 
patient became acutely hypotensive to the 90s/30s mm/Hg and developed an erythroderma type 
rash (A). IV normal saline and epinephrine were administered to normalize and maintain her blood 
pressure. In addition, vancomycin and clindamycin were initiated out of concern for sepsis. The 
patient was transferred to the critical care unit. Notable lab results from presentation including a 
platelet count of 49,000/µL and C-reactive protein (CRP) of 119.4 mg/L (B-D). During this time, 
orthopaedics evaluated the patient and due to concern for NF, given the rapidly progressing nature, 
the patient underwent irrigation, debridement, and fascial biopsies of the left knee. Biopsies 
confirmed the diagnosis of NF and the effected tissue was removed to a point of negative margins. 
Postoperatively, the patient was started on high-dose hydrocortisone with a loading dose of 160 
mg followed by 10 doses of 20 mg q6h (random serum total cortisol prior to the procedure was 
7.4 µg/dL) and penicillin G for potential group A streptococcus (D). Coagulation labs were drawn 
and revealed an elevated PT-INR of 1.9, an elevated fibrinogen of 480 mg/dL, low protein C 
activity (36%), normal protein S activity, and an elevated D-dimer at 2.38 µg/mL (B-D). Given 
low protein C activity, there was concern for a persistent consumptive coagulopathy, and vitamin 
K was administered for a total of 3 doses throughout her stay (D). Following initiation of these 
therapies, the patient was successfully weaned from pressor support. Her PT-INR, Protein C, D-
dimer, Fibrinogen, CRP, and platelets all gradually returned to normal. Steroids were weaned and 
discontinued. She was discharged home in stable condition on Day 6 with clindamycin 
monotherapy. Four months following discharge, her only complication was intermittent knee pain. 


