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            Abstract

            
               
Extensive burns of more than 50% have high mortality and those over 90% have almost nil survival rate. All resuscitative measures
                  fail as patient gets infected leading to burn wound sepsis causing septicemia and leading to mortality as the end clinical
                  result. So we need clinically evidenced and rationally based burn dressing strategy to increase extensive burn patient survival.
                  This is random retrospective selection of five patients in each two groups from second degree burn patients of more than 50
                  percent treated by collagen in one group and other by Nanocrystalline Silver dressings and observed for clinical evidence
                  of patients survival keeping all resuscitative and treatment modalities as standard treatment protocol in all cases. The nano
                  crystalline silver dressing is cost effective, rational and evidence based strategy. It is easy to use, has powerful anti
                  bacterial effect, decreased frequency of dressing changes, shortened time of wound cleaning and painless dressing. It helps
                  make the wound sterile for further treatment within a week. It is a great weapon in the hand of Burn Surgeon for rapid and
                  better recovery of patients. This nano crystalline sustained release silver dressings are best suited to take care of burn
                  wounds of more than 50%. Bacteriophages treatment is reserved for multiple drug resistant bacteria and had good recovery.
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               Introduction

            There are many old burn wound dressings like honey, potato peel, banana leaves, alo-vera juice, collagen applications, soframycin
               ointment and of course even the traditional silver sulfadiazine cream. However the clinical evidence we get is that they are
               not helping in survival of extensive burn patients of more than fifty percent surface area even in second degree burns. Extensive
               burns of more than 50% have high mortality and those over 90% have almost nil survival rate. All resuscitative measures fail
               as patient gets infected leading to burn wound sepsis causing septicemia and leading to mortality as the end clinical result.
               So we need clinically evidenced and rationally based burn dressing strategy to increase extensive burn patient survival.
            

         

         
               Materials and Methods

            This is random retrospective selection of five patients in each two groups from second degree burn patients of more than 50
               percent treated by collagen in one group and other by Nanocrystalline Silver dressings and observed for clinical evidence
               of patients survival keeping all resuscitative and treatment modalities as standard treatment protocol in all cases. Here
               we preferred using Skin Temp II Collagen which has major content of type I collagen (primary collagen synthesized by body
               during skin regeneration). The triple helical and banded fibrillar structure of collagen is preserved in this product and
               so it is identical to naturally occurring human collagen. I seldom use other dry or wet collagen as it is not so biocompatible
               due to its content of high abundance of type III collagen which is also sometimes immunogenic. For patients treated with nanocrystalline
               silver, we used Acticoat in which dressings were changed after 72 hours and sometimes Acticoat Flexi 7 in which dressings
               changed in seven days. Infact I tried to see the effect of bacteriophage in three cases of multiple drug resistant burn wound
               patient in extensive burn and had good recovery.
            

            
                  Observations

               I had randomly selected retrospectively 5 patients from nanocrystalline silver dressing and collagen dressings group with
                  in 3 years period and found that major bacteria of infection was E. Coli, streptoccoci, staph, pseudomonas, acetino- bacter
                  species and klebsiella. In conventional day to day treatment we often if healing takes place it takes long duration even more
                  than 10 to 16 weeks with more scarring and deformity. In collagen the result was good, duration of treatment shortened to
                  3-4 weeks and less scarring. Infection was controlled in all 5 cases with in 2 weeks. The nanocrystalline silver dressing
                  is of choice as it controlled infection in all cases by 1st week. Most patients have early recovery with in 2 weeks as average.
                  So the nanocrytalline sustained release silver dressings are best suited to take care of burn wound of more than 50%. [Nanocrystalline
                  silver Patients Figure  1 A,B,C,D; Figure  2 A,B; Figure  3 A,B.] This is followed by collagen dressing which is less effective in killing bacteria but helps in regeneration of damaged
                  skin barrier. [Collagen patients Figure  4 A,B,C; Figure  5 ; Figure  6 A,B; Figure  7] Both if used judiciously then give better survival even in 90% TBSA burn patients. They are great boon in the hands of plastic
                  surgeon in saving megaburns. We have also tried to see and found encouraging role of bacteriophages in three cases of multiple
                  drug resistant infected burns which were previously treated outside with two weeks of conventional dressing by Silver sulfadiazine
                  cream. Bacteriophages took longer time ranging from two weeks to months in making wound good for reconstructive surgery like
                  skin grafting [Bacteriophage treated patients Figure  8, Figure  9A,B; Figure  10A,B] [Table  1].
               

               

               
                     
                     Figure 1

                     Nanocryst. silver Pt. number 1 - A Extensive thermal burn, B  dressing on all four limbs and face, C Skingrafting, D Healed
                        burn wound.
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                     Figure 2

                     Nanocryst. silver Pt number 2- A extensive burn, B Healed burn wound.
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                     Figure 3

                     Nanocryst. silver Pt. number 3- A Extensive flash burn, B healed 80 percent burn by acticoat.
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                     Figure 4

                     Collagen Pt. number 1- A Boiler burst burn; B Collagen application; C Wound healed.
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                     Figure 5

                     Collagen Pt. number 2- suicidal burn.
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                     Figure 6

                     Collagen Pt. number 3 - A Infected  flash burn; B Infected flash burn treatment.
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                     Figure 7

                     Collagen Pt. number 4-- burn with HIV
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                     Figure 8

                     Bacteriphage treated Pt. number 1
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                     Figure 9

                     Bacteriophage Pt. number 2- A on bacteriophage  treatment; B Healed burn wound.
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                     Figure 10

                     Bacteriophage Pt. number 3- A on bacteriophage treatment;   B Healed burn wound.
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                                 Burns →↑50%→90%TBSA
                           
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 Burn wound Dressing Agents Nanocrystalline Silver
                           
                           	
                                 Duration of burn wound before presentation
                           
                           	
                                 
                           	
                                 Bacteria isolated
                           
                           	
                                 Treatment duration for getting sterile wound.
                           
                           	
                                 Wound healed by surgery or conservative
                           
                           	
                                 
                        

                        
                              	
                                 (1) 13yrs Old M Child
                           
                           	
                                 I Week
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 Thermal Burn
                           
                           	
                                 
                           	
                                 infected wound
                           
                           	
                                 E.coli
                           
                           	
                                 Sterile in
                           
                           	
                                 Grafting
                           
                           	
                                 4 weeks
                           
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 I weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (2) 40yrs-M cracker
                           
                           	
                                 
                           	
                                 Immediate
                           
                           	
                                 ________
                           
                           	
                                 _______
                           
                           	
                                 Conservative
                           
                           	
                                 2-3 weeks
                           
                        

                        
                              	
                                 Thermal Burn
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (3) Mobile electric
                           
                           	
                                 
                           	
                                 Immediate
                           
                           	
                                 _________
                           
                           	
                                 _______
                           
                           	
                                 Conservative
                           
                           	
                                 2 weeks
                           
                        

                        
                              	
                                 Flash -38yr. M
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (4) Thermal Burn
                           
                           	
                                 
                           	
                                 3 day old
                           
                           	
                                 
                           	
                                 Stepto
                           
                           	
                                 Sterile in
                           
                           	
                                 Grafting
                           
                           	
                                 5 weeks
                           
                        

                        
                              	
                                 Gas cylinder 40yr.F
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 I weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (5) Thermal Burn
                           
                           	
                                 
                           	
                                 I week old
                           
                           	
                                 Staph+
                           
                           	
                                 Sterile in
                           
                           	
                                 grafting
                           
                           	
                                 4 weeks
                           
                        

                        
                              	
                                 50yr. M
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 Pseudomonas
                           
                           	
                                 2 weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 Collagen Skin temp II
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (1) 32yrs. M Sugar cane
                           
                           	
                                 2 days
                           
                           	
                                 
                           	
                                 E.coli
                           
                           	
                                 Sterile in
                           
                           	
                                 Conservative
                           
                           	
                                 5 weeks
                           
                        

                        
                              	
                                 Boiler Burst
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 Klabsiella
                           
                           	
                                 2 weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 staph
                           
                           	
                                 
                           	
                                 
                           	
                                 4 weeks
                           
                        

                        
                              	
                                 (2) Suicidal Burn
                           
                           	
                                 
                           	
                                 Immediate
                           
                           	
                                 sterile
                           
                           	
                                 _____
                           
                           	
                                 Conservative
                           
                           	
                                 
                        

                        
                              	
                                 20yrs.F
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (3) Electric Flash
                           
                           	
                                 
                           	
                                 2 mth.Old
                           
                           	
                                 A Citrobacter
                           
                           	
                                 Sterile
                           
                           	
                                 Grafting
                           
                           	
                                 6 weeks
                           
                        

                        
                              	
                                 neglected burn 22yrs.M
                           
                           	
                                 
                           	
                                 
                           	
                                 Streptocolli
                           
                           	
                                 in 2 weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (4) HIV infected
                           
                           	
                                 
                           	
                                 1 Day Old
                           
                           	
                                 
                           	
                                 E.Coli
                           
                           	
                                 Sterile
                           
                           	
                                 Conservative
                           
                           	
                                 6 weeks
                           
                        

                        
                              	
                                 Nurse 30yrs.F
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 in 2 weeks
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (5) Thermal Burn
                           
                           	
                                 
                           	
                                 Immediate
                           
                           	
                                 ______
                           
                           	
                                 _____
                           
                           	
                                 Conservative
                           
                           	
                                 5 weeks
                           
                        

                        
                              	
                                 21yr s. F
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 Bacteriophage (daily application) in 3 MDR cases in 20%-70% TBSA
                           
                           	
                                 
                        

                        
                              	
                                 (1) flame burn
                           
                           	
                                 
                           	
                                 2 weeks
                           
                           	
                                 
                           	
                                 Staph
                           
                           	
                                 Sterile in one month
                           
                           	
                                 Conservative
                           
                           	
                                 3 months
                           
                        

                        
                              	
                                 30% f
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 E.coli (11 days later)
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 Pseudomonas (6 days later)
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 Then Actinobact (7 days later)
                           
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (2) Flame burn
                           
                           	
                                 
                           	
                                 10 days
                           
                           	
                                 
                           	
                                 Proteus Mirabilis
                           
                           	
                                 Sterile in 10 days
                           
                           	
                                 Conservative
                           
                           	
                                 2 months
                           
                        

                        
                              	
                                 70% 15yrs/f
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                        
                              	
                                 (3) Flame burn
                           
                           	
                                 
                           	
                                 Two weeks
                           
                           	
                                 
                           	
                                 Steptococci
                           
                           	
                                 Sterile in 10 days
                           
                           	
                                 Conservative
                           
                           	
                                 3 weeks
                           
                        

                        
                              	
                                 40% 35 yrs/f
                           
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                           	
                                 
                        

                     
                  

               

            

         

         
               Discussion

            The management of extensive burns is a very problematic subject. Solving this type of problem is hallmark of plastic surgeons.
               Extensive burns of more than 50% have high mortality and those over 90% have almost nil survival rate.1 In spite of all resuscitative fluid management, traditional burn wound care, proper antibiotics, immune enhancers, proper
               nutritional care, etc. Why is it so? The root cause is infection, causing burn wound sepsis, leading to septicemia, multiple
               organ failure, with ultimate mortality as a consequence. Prevention of infection is the main solution to decrease mortality
               in burn patients. Skin cover acts like the famous Mahabharata hero Karna’s Armor, which protects the individual from onslaught
               of bacterial infection. If we prevent partial thickness burn wound from infection, the wound regenerates and skin cover appears
               within 2 to3 weeks’ time, healing the patient. Preventing infection in full thickness burn wound prepares the wound for successful
               skin grafting, plastic surgery with less mortality and early recovery. Bacteremia occurs in presence of burn wound due to
               any cause. In extensive burns, sepsis increases leading to septicemia and high mortality as discussed. Whenever the burn wound
               occurs it is sterile in the beginning. It gets infected within 24 hours by gm +ive bacteria like staphylococcus and later
               within a week by gm –ve bacteria like pseudomonas. The two dreadful bacterias like staphylococcus and pseudomonas are great
               enemies of burn specialists and detrimental to burn patients as they destroy or eat away or prevent the regeneration of skin.
               They have high role in septic burn wound pathogenicity. These days gm+ve bacteria are turning nasty and resistant to antibiotics.
               Biofilms contribute to chronic infection. They are made of gelatinous proteinaceous material in which bacteria are entangled
               and protected from being penetrated by antibiotics. So they are difficult to eradicate with topical and systemic antibiotics.1, 2, 3 
            

            Research & Design Laboratories and Research wings of pharma companies are more focusing on research of drugs for diabetes,
               cardio-vascular system, alzheimer’s etc, but less focusing on evolution of newer antibiotics due to cost involvement and return.
               We had the golden period of antibiotics development during 1940 to 1970 and during 1980 and 1990, but for the last three decades
               no new antibiotic group has come into picture. This has coupled with emergence of multiple drug resistant pathogenic bacteria.
               We are slowly reaching the end of road in development of newer antibiotics and this will leave us to the mercy of infection
               causing high mortality by multiple drug resistant bacteria especially in burn wound sepsis.4 So what is the solution? We started working on bacteriophages which were discovered earlier to emergence of antibiotics but
               not much progress took place. They are human friendly viruses killing bacteria. We are having promising and encouraging results
               in managing burn wounds but still it is in our research phase and will take long time for common real clinical practice. Here
               we create in isolating in microbiology lab the specific viruses to kill MDR bacteria, e.g. T-4 bacteriophage for E coli. Bacteriophage
               may have future utility but at present we have to dig from past clinical experiences the best alternative to take care of
               burn wound.5, 6 There were many old burn wound dressings like honey, potato peel, banana leaves, alo vera juice, collagen applications, but
               we found that silver is the best choice.7, 8, 9, 10, 11, 12, 13 Nothing can beat it.
            

            It has been seen that once the whole army of Napoleon was decimated due to outbreak of cholera gastroenteritis but Napoleon
               and his nobles were saved because they used to drink or take food from silver utensils. Silver is an ancient water disinfectant.
            

            So silver has centuries of proven antimicrobial activity. No resistance till date has been found. It is broad spectrum and
               kills all bacteria including multidrug resistant ones also. Silver cations destroy the bacteria by 3 mechanisms-
            

            
                  
                  	
                     Destroy the bacterial cell membrane.

                  

                  	
                     Destroy the cellular respiration.

                  

                  	
                     Degenerates the genetic material of bacteria and other micro -organisms like fungi and viruses.

                  

               

            

            Also there is least potential of resistance development due to 3 targets of antibacterial action.Traditional delivery method
               of silver such as SSD cream or silver nitrate is not good but still being practiced in many areas due to ease of use and cheap
               cost. It is being used once daily which is irrational. The SSD cream releases almost all silver in very high quantity, i.e
               to the extent of 3000 ppm, and which acts only for 6 hours at the most. In that way per day at least 4 dressings are required
               which become cumbersome and wound is exposed to infective environment repeatedly which in turn increases more chance of infection.
               In fact to kill bacteria we just require 20-40 ppm of silver and here we are wasting high level of silver, i.e. about 3000
               ppm in once a day dressing which is wasted without use. Due to work constraint most burn surgeons follow once a day dressing
               with SSD leading to bad results. However I stress, Silver is nontoxic to human cells and all toxicity of SSD cream or silver
               nitrate is attributed to carriers like sulphadiazine and nitrate compounds.
            

            So we need ionic silver dressings to get the full benefit of silver action to take care of the extensive burn wound sepsis.
               14, 15 Normal silver crystals found in SSD cream are of 250-900nm but nano crystalline silver dressing material with sustained release
               silver have 10-22 nm diameter silver particles. The properties and behavior of a material changes as the particle size approaches
               that of individual atoms or molecules, and may represent a new state of solid matter. The smaller the size of nano crystalline
               silver, it provides a considerable increase in surface area for release of silver ions, resulting in rapid release of bactericidal
               levels of silver. In addition, the unique properties of the nano crystalline silver allows the release of other species of
               silver ions, which may contribute to the sustained antimicrobial activity. So nano crystals of silver are found to be extremely
               porous, with a greatly enhanced surface area per mass from which ionization and dissolution of silver ions can occur. This
               quality of material provides a rapid release of silver (i.e. quick kill within 30 minutes). Silver ions which are active ions
               to kill bacteria are released by all silver dressings but nano crystalline with 70-100 ppm which is more than required of
               20-40 ppm are released and therefore the latter provides a greater kill rate of bacteria. In fact all silver dressings release
               silver ions at differing concentrations but nano crystalline silver is unique in that it also contains the silver atom species.
               16, 17, 18, 19, 20, 21 Metallic silver does not normally dissolve in water but the AgO atoms in nano crystalline dressings are present in very small
               clusters (4-5 molecules) which allow it to be solubilized. As these clusters undergo chemical reactions with exudate additional
               Ag+ ions are released. It’s like a backup battery to ensure the optimal release of Ag+ i.e. a similar analogy as to having
               a backup battery and this is why concentration of 70-100 ppm are released over extended time periods, i.e. up till 3-7 days
               at a stretch.
            

            I should emphasize that nano crystalline silver dressings release 30 times less silver cations than other forms of silver
               such as 0.5 % silver nitrate or SSD cream. However, more of the silver released is effective and release is sustained.
            

            Nano crystalline silver dressing causes Log 5 reduction of bacteria within 30 minutes which is more than required Log 3 reduction
               for bactericidal effect. However SSD cream or other traditional silver dressings rarely approach Log 3 reduction of bacterial
               kill and so are more of bacteriostatic in effect. Survival rates are highest by far in the uninfected and sustained release
               nano crystalline silver dressing treated burn wounds. On the infected control and silver nitrate covered wound survival rates
               are low – mainly due to rapid inactivation of silver ions released from silver nitrate or SSD cream at the wound surface.
               I have even shown one case of more than 80% electric flash burn wound healed in 2 weeks time by nano crystalline silver dressing
               as we have prevented infection effectively and so proper regeneration of skin has taken place and the patient has healed.
            

            Nano crystalline silver dressing reduces the inflammatory processes and promotes wound healing and is less toxic than other
               forms of silver dressings due to prolonged release of appropriate bactericidal concentration of silver on the wound bed. 22, 23, 24, 25, 26

         

         
               Conclusion

            The nano crystalline silver dressing is cost effective, rational and evidence based strategy. 27 It is easy to use, has powerful anti bacterial effect, decreased frequency of dressing changes, shortened time of wound cleaning
               and painless dressing. It helps to make the wound sterile for further treatment within a week. It is a great weapon in the
               hand of Burn Surgeon for rapid and better recovery of patients. How ever this is small retrospective clinical study of extensive
               burn wound effective dressing relying on clinical evidence of patient recovery. This nano crystalline sustained release silver
               dressings are best suited to take care of burn wounds of more than 50%. However SUPERBUGS will be taken care by BACTERIOPHAGE
               in Future. We hope that sooner or later the role of bacteriophage will soon be established by further study in multiple drug
               resistant infected burn patients because of extensive and prolonged use of conventional SSD cream treatment. It can be inferred
               that use of nanocrytalline silver from the begining may decrease the necessity of bacteriophage in resistant infected burn
               patients treated by SSD conventional dressing for prolonged duration.
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