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Summary of Use of Heparin in the Management of Burn Wounds.
MJ Saliba Jr,  Saliba Burns Institute, La Jolla, CA  USA 

Burns are painful, coagulation-prone, ischemic, cellular destructive body 
surface thermal injuries with complex local and systemic pathology and a 
high mortality. Burns heal slowly and often have scars and contractures.  
In spite of noteworthy advances, burn care is now suboptimal, onerous, 
difficult, surgery-intensive, and costly. Burn studies and non-burn studies 
using heparin uncovered heparin effects which were anti-inflammatory, 
neoangiogenic, tissue-restoring, collagen-regulating, and epithelializing, 
in addition to anticoagulating. Use of heparin in burned patients, according to a protocol, maintained blood circulation, inhibited blood clotting and infarctions, relieved pain, limited inflammation, revascularized ischemic tissue, enhanced  granulation, regulated collagen, and resulted in new skin that was smooth and comfortable with minimum or no scars or contractures. Pain medications, resuscitation fluids, burn procedures, surgery, skin grafts, blood transfusions and burn care costs were much reduced. The beneficial effects were dependent and related to source, site, dose, pH, time and duration of heparin use. No serious complications occurred when precautions were heeded. Patients with contraindications to heparin were not treated. The addition of heparin affordably improved burn care. Visual evidence will be presented, with details in the Syllabus. www.salibaburnsinstitute.org

Effect of Topical Heparin on Second Degree Burn Wounds 
Xu-Lin Chen1, Zhao-Fan Xia2, Yong-Jie Wang1, Duo Wei2, Chang-Rong Wang.1   1 Department of Burns,, PR China. 2 Burns Centre, Changhai Hospital, Second Military Medical University, Shanghai, PR China

Objective: To investigate the effect of topical heparin on the second degree burns wounds. 
Methods: One hundred patients, with superficial and deep second degree burn wounds, who were admitted within 24 hours postburn, during the period from November 2003 to December 2004 were randomly divided into a control group and a treatment group of 50 patients each. In the treatment group, the wounds were treated with topical heparin (5000 IU/ml) four times per day; whereas in the control group, silver sulfadiazine cream was applied to the wounds.  The complete healing time and the bacterial positive rate on the wounds at 7 days postburn were recorded. The patient's pain level was assessed using a visual analog scale (VAS) before and after the treatment. Prothrombin time (PT) and activated partial thromboplastin time (APTT) were also determined at 3 days after the treatment. 
Results: The complete healing time in the treatment group was significant lower than that in the control group: in the superficial second degree wounds, 11.2±2.4 days vs. 13.3±2.5 days; P<0.01; in the deep second degree wounds, 18.7±3.5 days vs. 21.6±4.2 days; P<0.01). There was no significant difference in the bacterial positive rate on the wounds at 7 days postburn. The VAS score in the treatment was much smaller (P<0.01) than that of the control group. The difference in PT and APTT between the two groups was not significant (P>0.05). 
Conclusions: Heparin can enhance the healing of second degree burn wounds and relieve the patient’s pain significantly. 
The Method and Results Using Heparin Therapy in Burned Patients In Hefei City China.
Xu-Lin Chen, Yong-Jie Wang, Chang-Rong Wang, Fei Wang
Dept. of Burns, First Affiliated Hospital of Anhui Med. U. Hefei, Anhui, PR China.

Objective To investigate the effect of heparin on the burn wounds in Hefei City.  Methods Forty-four patients who were admitted to the First Affiliated Hospital of Anhui Medical University, within 24 hours postburn during the period from November 2003 to June 2005, were enrolled in this study. Patients who have active bleeding, trauma where bleeding is probable, a personal or familial history of bleeding or bleeding diathesis, an active gastrointestinal ulcer, a known allergy to heparin or a thrombocytopenia were excluded. Intestinal heparin was administrated topically at a concentration of 5000 IU/ml four times a day until final healing and no heparin was used parenterally. The complete healing time was recorded. The patient's pain level was assessed using a visual analog scale (VAS) before and after the treatment. Prothrombin time (PT) and activated partial thromboplastin time (APTT) were also determined at 3 days after the treatment. Data on age, sex, size, depth and sites of burn, inhalation injury, length of hospital stay, morbidity and mortality were also recorded.  
Results The majority of the patients were male, with a mean age of 26.9 years. The mean total burn surface area was 5.1 percent, all second-degree burns. Five patients who had inhalation injury had undergone tracheotomy and mechanic ventilation. The complete healing time of the superficial and deep second degree wounds were 10.9±2.7 days and 19.1±3.7 days respectively. Researchers took 121 bacteriological samples, and wound colonization with Staphylococcus aureus was identified in only five patients. The mean VAS score before the treatment was 7.2±1.8. At 1 day and 3 days after the treatment, the VAS score was 1.3±0.5 and 0.9±0.2 respectively. The VAS score decreased dramatically and significantly after the treatment. The PT and APTT at 3 days after the treatment remained normal in comparison to healthy man. The mean time in hospital of the patient was 9 days with a range of 1-39 days. All patients survived and no visceral complications has found. A follow-up study revealed that the healed skin was consistently smooth and comfortable. 
Conclusions: Topical heparin use can enhance the healing of burn wounds and relieve the patient’s pain significantly in humans without any influence on clotting time. It also has a beneficial role to inhibit the formation of scar after wound healing. 
Heparin Use In An Explosion Burn: An Unusual Case Study 
Xu-Lin Chen, De-Lin Hu, Ye-Xiang Sun, Yong-jie Wang, Chang-Rong Wang. 
Burn Center, the First Affiliated Hospital of Anhui Med U Hefei, Anhui, PR China.

A 35-year-old male shipman was a victim of volatile organic compounds (VOCs) explosion in the toilet of a ship that was sailing in a severely polluted river on June 13, 2004. After he was removed from the source of the injury, the patient was transported to our burn center directly without any specific treatment at 6 hours postburn. At admission, the patient was found to be in a state of hypovolemia: hypotension (blood pressure of 95/58 mmHg), tachycardia (heart rate of 130 min), thirst, and cool skin. Burns involved the face, neck, upper and lower extremities, anterior and posterior trunk, and both buttocks, covering 35% of his total body surface area. The wounds of both forearms and dorsa of the hands were deep partial-thickness, comprising 5% total body surface area (TBSA); the rest of wounds were superficial partial-thickness. Prompt resuscitation with Ringer lactated fluid and plasma was given following the Chinese formula, that is 1.5 ml/(kg·percent TBSA) crystalloids and colloids plus 2500 ml water during the first 24 h postburn, and was adjusted on maintenance of adequate urine output, and hemodynamics. There was no evidence of inhalation injury or pulmonary explosive injury. After the resuscitation and hemodynamic stability was achieved, the injured areas were debrided. Conservative treatment with heparin (5000U/ml, four times per day) was initiated on the face and neck, and the rest wounds were treated with daily dressing changes with Anson® (a kind of nano-dressing). Early tangential excision of deep partial-thickness burn wound and skin grafting with autografts were preformed on forearms and dorsa of his hands at day 4 postburn. Around the 10th day, epithelialization began and the process was almost complete on the 18th day when the patient was discharged. To our knowledge, this is the first reported case of burn due to the explosion of VOCs which was resulted from severely polluted river. A follow-up study was preformed at 2 month after discharge and revealed no scar on the face and neck that were treated with topical heparin. (Burns 2005;31(2) 240-242.).
Reduction In Mortality In Burned Pediatric Patients With Inhalation Injury Using Aerosolized Heparin/N-Acetylcystine Therapy

M.H. Desai, R.P. Mlcak, J. Richardson, R. Nichols and D.H. Herndon.
Shrine Crippled Children Burn Hospital, Galveston, TX, USA.
Introduction: Smoke-inhalation injury causes a destruction of the ciliated epithelium that lines the tracheobronchial tree. Casts produced from these cells, polymorphonuclear leukocytes and mucus can cause upper-airway obstruction, contributing to pulmonary failure. We have reported that a combination of aerosolized heparin and a mucolytic agent, N-acetylcysteine, can ameliorate cast formation and reduce pulmonary failure secondary to smoke inhalation. 
Method: In this study, 90 consecutive pediatric patients between 1985 and 1995 who had bronchoscopially diagnosed inhalation injury requiring mechanical ventilation were studied. Forty-three children admitted between 1985 and 1989 acted as controls. Forty-seven children admitted between 1990 and 1994 received 5,000 units of heparin and 3 ml of a 20% solution of N-acetylcysteine aerosolized every 4 hours the first 7 days after injury. All patients were extubated when they were able to meet the Hedley-White criteria and maintain a PaO2/FiO2 ratio of more than 400. The number of patients requiring reintubation for successive pulmonary failure was recorded, as was mortality. 
Results: There was a significant decrease in reintubation rates, incidence of atelectasis, and in mortality for patients treated with the regimen of heparin and N-acetylcystine when compared to controls (p<0.05). Heparin/N-acetylcystine nebulization in children with massive burn injury and smoke inhalation injury results in a significant decrease in incidence of reintubation for progressive pulmonary failure and a reduction in mortality.

(J Burn Care Rehabilitation 1998;19:210-2)
Aerosolized Heparin/N acetylcystine Treatment of Smoke Inhalation Injury in 596 Burned Children: A 15 Year Review, 1990-2005. 

RP Mlcak. Shriner’s Crippled Children Hospital, Galeston TX USA.

Introduction: Smoke inhalation injury continues to be implicated as one of the leading causes of death in patients with burn injuries. Smoke inhalation injury has a reported mortality rate of 20 to 80%. Major pathophysiology findings in these patients include deposition of fibrin cast in the airways and progressive carbon dioxide retention. Conventional therapies directed at the reduction of arterial CO2, maintenance of airway patency, and adequate oxygenation are associated with barotrauma-related complications and often are unsuccessful. We have previously shown a reduction in the incidence of reintubation for progressive pulmonary failure, a decreased incidence of atelectasis, and a reduction in mortality in pediatric patients with inhalation injury treated with aerosolized Heparin/N-acetylcystine therapy.  The purpose of this study is to present the details of our 15 year experience utilizing aerosolized heparin/N acetylcystine inhalations in the treatment of smoke inhalation injury in pediatric burns. 

Methods: All medical records from 1990 through June 2005 were reviewed for the presence of inhalation injury. Three thousand six hundred and eighty four patients were admitted during this time period. Five hundred sixty-nine patients had inhalation injury diagnosed by bronchoscopy. All patients were treated with our inhalation injury protocol that consisted of aerosolized heparin/N-acetylcystine. Study variables included; demographics, burn size and mortality rate.

Results:  Five hundred sixty-nine patients were included in this study.  The mean age of patients with inhalation injury was 7 ± 5 years. There were 472 males and 97 females. The mean % TBSA burn was 50 ± 25%. The mean % third degree burn was 39 ± 30%. Seventy-six patients with inhalation injury died for an over all mortality rate of 13%.

Conclusions: Our data show a reduced mortality rate for patients with inhalation injury treated with aerosolized heparin/N-acetylcystine compared to the reported mortality rate in the literature.
Clinical Use of Heparin in Acute Second Degree Burns 

S.J. Oh, J.W. Lee, Y.C. Chang. 

Plastic & Reconstructive Surgery, Hallym Burn Center, Hangang Sacred Heart Hospital, Seoul, Korea

Aims: Heparin therapy through topical or systemic application in acute burn wound   has been reported in the previous literatures to improve pain relief and also reduce healing time and scar formation of burn wound. In our study we report preliminary evaluation of topical heparin effect in acute second degree burns related to sites of burns, depth of burn injury, healing time, operation rate and degree of scaring 

Material and Methods: Our clinical data collected 369 patients during last 9 months. In sex distribution male was 215, female 154. The children were the most common (143 patients). The multiple sites of burns were the most common (217 patients). Deep second-degree burns were the most common (267 patients). We apply daily over three times of topical application of heparin on the burned wound combined with closed or open dressing. Skin grafting was performed in some patients to be worry about scar formation around 10th or 14th burned day. We observe the appearance of healing wound during OPD follow-up. 

Results: 99 patients (26.8%) among 369 patients were performed skin grafting during heparin therapy. Skin grafting was decided frequently in burns of extremity more than head and neck. 270 patients were treated their wounds with topical heparin application. Hypertrophic scaring after healing of wound was developed frequently in extremity more than head and neck. But 89 patients (52.7%) among the second degree deep burns (169 patients) showed acceptable appearance after healing of wound. 

Conclusion: This study demonstrated that topical heparin therapy of the acute second-degree burns especially in the trunk; head and neck area is effective. But deep second degree burns after complete healing over three weeks can be developed hypertrophic scaring. We recommend that the second-degree deep burns should be considered skin grafting in extremity during topical heparin therapy.
Heparin Reduced Mortality and Sepsis in Severely Burned Children.
GJ Zayas*, AM Bonilla*, and MJ Saliba **. *Hospital Nacional de Ninos Benjamin Bloom, San Salvador, El Salvador. **Saliba Burns Institute, La Jolla, CA, USA.
Introduction: The morbidity, mortality, and scars from severe burns have been high.  In El Salvador, in 1998, all of the children with burns of 40% or larger size died. The use of heparin, in 1999, in similarly burned children increased the survival and reduced the morbidity, sepsis, and scars. This retrospective study presents the details.  
Methods:  A study was conducted at the National Children’s Hospital in El Salvador of all the children with burns over 20% size, who were treated in 1998, when no heparin was used, and in 1999, when heparin was added to the burn treatment.  Large doses of intestinal source heparin were infused intravenously and also applied topically onto burn surfaces and within blisters for the first 1-3 days. Then the heparin was continued only topically in rapidly deceasing doses into final healing.  
Results:  There were no significant differences in gender, age, weight, burn etiology, or burn size, between the burned children in 1998 when compared to 1999.  In 1998, one child survived who had a 35% size burn, and 8 children died who had burns of 40% and larger size. The 1 out of 9 survival rate was 11%.  The average size of the burns was 51.7%. With heparin use in 1999, 6 of 10 children survived burns that were 50.7% average size. The increase in survival with heparin therapy from 11% to 60% and, therefore, the decrease in mortality from 89% to 40% was significant (p<.04).  One of the 10 heparin-treated children had superficial bleeding on a burn surface. Clinical symptoms and positive blood cultures documented bacterial sepsis in the 9 children in 1998.  In 1999, the blood cultures for sepsis were positive in the 4 children who died, and negative in the 6 who survived. The 9 versus 4 difference in the incidence of sepsis between 1998 and 1999 was significant (p<.008).  The heparin use in 1999 also reduced the burn pain, scars, procedures, and costs. 
Conclusions. The use of heparin in this study significantly reduced mortality and sepsis.
Heparin Therapy in 26 Electrical Burns: First Study and Pictures.
Saliba MJ,1 Reyes A,2  and Lockard JS.3 

1Saliba Burns Institute La Jolla CA, USA. 2General Hospital Surgery Department, Tijuana, Mexico. 3University Washington, Seattle WA, USA.   

Introduction: Heparin was used to treat the 21 high- and 5 low-voltage electric current injuries in 26 patients: Five patients rendered unconscious were revived. 9 patients were burned further by electricity-ignited-fires. Method: Sodium Aqueous Heparin Solution, USP, was sprayed topically in diminishing amount until healed, infused intravenously 1st 1-3 days, and or injected subcutaneous 2-10 days.  Heparin was started Day 1, < 3 hours post-burn in 24 patients, at Day 6 in 1, and Day 11 in 1. Doses were regulated using Blood Clotting Times maintained at less than 3 times normal. Three patients stopped treatment Day 2. 23 patients continued heparin until healed. Clinical Results: With heparin use starting Day 1: Signs of inflammation were controlled; pain was relieved; no pain medicine was given; burn erythema and swelling were reduced; resuscitation fluids were minimal; 19 single operations were performed, 5 fasciotomy, 1 escarotomy, 1 tracheotomy, 8 skin grafts, and 4 amputations (One at shoulder, 1 at elbow, 1 at wrist, and 1 of 2 toes); ischemic tissues were revascularized; 1 patient had a blood transfusion; healing resulted; and the new skin was smooth, except for 1 contracture in 1 patient who stopped heparin for 28 days. The 1 patient not-treated-with-heparin until Day 11 required 2 fasciotomies Day 1, 1 upper extremity amputation Day 12, and a skin graft on Day 26. One patient had nerve-muscle weakness of his hands. Statistical Evaluation Compared to similar patients in up to 28 previous studies in which heparin was not used: There were no apparent differences in the number of electrical patients treated per year, age, % and of high and low voltage patients, and burn surface size. There were appreciable differences in this study with heparin and prior studies without heparin in: Days in Hospital were 14.6 (3-72) with heparin, versus 31.7 av (17-85) without in 14 prior studies; Operations per patient were 0.82 av/patient with heparin, versus 3.6 av/patient operations without heparin in 10 prior studies; and Amputation Rate of 17.4 with heparin, versus 37.4 % av without heparin in 28 studies. Conclusion: Topical and parenteral use of heparin improved electrical burn treatment in this initial, ongoing study of 26 electric burned patients, in which final significant p values will be calculated at the end of study.
Burns Treated With and Without Heparin: A Thermal Disaster in Mexico. 
Reyes AE,* Astiazaran JA,** Chavez CC,** Jaramillo F,* and Saliba MJ.*** *The General Hospital, and **Red Cross Hospital, Tijuana Mexico. *** Saliba Burns Institute, La Jolla, CA  USA.
Introduction: Eight men and 1 woman, subjected to a propane gas explosion-fire, sustained 2nd and 3rd degree burns of 30-90 % size (%s). 
METHOD: In Hospital One (H1), 4 men with burns 40, 45, 83 and 90 %s (65 % av), were treated promptly with large doses of heparin, administered topically and parenterally. The 5 patients with burns 30, 32, 35, 40, and 65 %s (41 %s av) treated at Hospital Two (H2) were not treated with heparin the first five days. Patients were given antibiotics. Patients at H1 and H2 were otherwise similarly treated. The 90 %s burned patient at H1 died Day 2. The woman at H2 was transferred to H1 on Day 7, and treated with heparin topically and parenterally. The 65 %s burned man at H2 died Day 8.  
RESULTS: The burn pain in patients at H1 was relieved by heparin; but, as a routine, 4 doses of pain medication were given Day 1. Without the use of heparin the first 5 days, each H2 patient needed a significantly larger number of doses of pain medicine (av 24 vs 4, p<0.00001). Resuscitation fluids infused into H1 patients day 1-3 were a significant 39-48 % less than at H2 (p<0.02). With heparin use, H1 patients had less swelling, no fasciotomies, earlier burn revasculization, and no bleeding.  Without heparin, H2 patients had swelling, 8 fasciotomies, and relatively avascular burns. Starting Day 6, six 25,000 IU doses of heparin were topically applied, within 48 hours, on the burns of each H2 patient.  Their pain was relieved, pain medications were stopped, and revascularization resulted in minor surface bleeding by Day 8, when topical use was discontinued and pain medications were restarted.  No skin grafts were performed. The skin was smooth without scars or contractures. Heparin shortened hospital stay: at H1 to 23 days (56 %s av); to 21 days at H2 (33 %s av). A 5 day delay in using heparin increased hospital stay 2 weeks in comparable 40 %s patients. 
CONCLUSIONS: Heparin use relieved burn pain, improved treatment, reduced procedures and healing time and resulted in smooth skin at reduced costs.

Heparin Therapy in Thermal Disasters in Peace, War, and Terrorist Acts:   On-Site Relief of Pain and Initiation of Treatment For Many Burn Victims 

MJ. Saliba, Jr., Saliba Burns Institute, La Jolla, CA, USA.
Objective: There is no effective on-site treatment to relieve the pain and initiate treatment in a thermal disaster. Current burn treatments and facilities are inadequate to treat simultaneously many seriously burned individuals. In a thermal disaster in Mexico and in India, heparin  applied topically and parenterally, promptly postburn, reversed this dire situation.  
Ratonale: Studies found: Heparin consistently relieved burn pain, the first need; and heparin stopped burn inflammation and extension in area and depth, limiting the burn to the initial size. Heparin’s anticoagulating effects would maintain blood circulation and prevent thromboses in blood vessels, infarctions, emboli, and disseminated intravascular coagulopathy, conditions for which heparin is the drug of choice. Neoangiogenic effects of heparin would start to revascularize the ischemic tissues. Heparin has reduced the high early mortality of sizeable burns.  Favorable effects of heparin on pulmonary and gastrointestinal systems would preserve tissue and function and reduce the morbidity, mortality, and bacterial translocation. There would be no complications of narcotics because none would be administered.  Heparin, sterile water, 5 or 10 ml syringes, small gauge needles, and bandages are widely and readily available, easily stored, durable, and inexpensive.  Only heparin and dry bandages would be used at the burn site.  Patients would provide much of their own care, and maintain some of their capacity to function – which in military personnel could be critical to the outcome of a battle.  All of these improvements would allow for a calm, non-urgent, orderly transfer of burn victims to secondary treatment sites. 
Conclusion: In thermal disasters, heparin is an available cost-effective on-site treatment for the many burned victims who do not have contraindications to the use of heparin.
Efficacy of Low Molecular Weight Heparin in Burn Wound Healing. 
K.Mathangi Ramakrishnan* and V.Jayaraman**  *K.K.CHILDS Trust Hospital, Chennai, India.. **Kilpauk Medical College Hospital, Chennai, India.
Rationale The highly sulfated glycosaminoglycan Heparin has anticoagulating and anti inflammatory properties; and studies found it facilitates wound healing and shortens the recovery period in thermal burns. Heparin also positively enhances angiogenesis and induces neo-vascularisation, an important process in wound healing. Heparin efficacy was demonstrated in inhalation injury respiratory  burns, and in face and neck burns with massive oedema, One anti inflammatory property of Heparin is by its modulation of the pro inflammatory cytokines during the process of wound healing. This was shown in our study coordinated with the Biotechnology Laboratory of Central Leather Research Institute. This work is presented along with the revised protocol that we are now using.  To avoid increase on the PTT & Bleeding Time in the treatment, occasionally seen with regular heparin, we have been using Low molecular weight heparin. 

Protocol: Materials and Method: In this study we administered the Low Molecular Weight Heparin, Fragmin, in a topical spray, systemically, in biological membrane dressings, as well as microencapsulating it in reconstituted collagen dressings.  Adults received a Loading Dose of 2500 to 4000 units and 400 IU/Kg/15% TBSA/12 hours for 7 to 10 days. Pediatric patients received a Loading dose of 400 to 1000 units. i.v (40 units/kg/15% TSBA/12 hours for 7 days. Topical Spray: 400 iu/15% TBSA /12hrly for 7-10 days. The biological membrane was harvested in 2500 i.u. in 500 ml normal saline with Gentamycin solution added. The  Heparin was used in deep partial thickness burns that were over 30% TBSA. Superficial burns were treated with heparin spray dressings or heparinised biological wound covers. Monitoring of all the coagulant parameters was done on alternate day and platelet count were determined to insure that platelet counts did not fall below 50,000/cmm.
Wound healing was assessed by 1. Altered pattern of synthesis of collagen; 2. Anti-inflammatory response on the proinflammatory cytokines IL6 and IL1ß; 3. Early collagen remodeling seen in histological and histochemical pattern; 4. Clinical parameters. Biochemical and histological tests and slides demonstrated healing.

Results and Conclusions: The statistically significant positive results will be  presented. 
Use of Heparin in Modulation of Burn Scars

V. Jayaraman, Kilpauk Medical College Hospital, Chennai, India, and 

KM Ramakrishnan. K.K.CHILDS Trust Hospital, Chennai, India
Introduction: Wound healing is a finely controlled biological process involving a series of complex cellular interactions. Following inflammation, the wound bed matrix is gradually replaced by granulation tissue followed by the long slow process where collagen accumulates and restores tensile strength. During healing, the inflammatory phase is followed by the proliferative phase once the fibroblasts arrive and produce collagen, other proteins, glycosaminoglycans, the cells of tissue repair, and new capillaries in the granulation tissue. Granulation tissue acts as a precursor to the formation of scar tissue. The role played by the extracellular matrix proteins from the initial days of healing, particularly during granulation tissue formation, is of great importance. Increasing evidence is available to show the necessity of appropriate extracellular matrix for morphogenesis, cell differentiation and in the maintenance of tissue – specific interactions. Along with these the cytokines have been implicated during the process of healing.  During granulation tissue formation two major extracellular matrix proteins – collagen and proteoglycans play an important role. Collagen is involved from the very early stage to the final remodeled tissue formation. The many vital processes of fibroblast proliferation, matrix formation and remodeling during tissue repair depend on a precise timing and controlled balance in  collagen synthesis and collagen turnover degradation.  In our previous work, we have proved that the glycosaminoglycan heparin has enhanced wound healing by showing an early collagen remodeling, proved by hydroxy-prolene excretion index in the urine. Then the work on the analysis of granulation tissue proves that any factor, which may take the form of both extracellular degradation and intracellular degradation of newly synthesized collagen, has a direct effect on scar formation. This work was supported with a clinical trial. 

Materials and Methods: Thirty cases of deep partial thickness burns were treated with systemic and topical heparin as per our protocol. The wound healing was watched carefully for: (1) Progress of epithelialization – days post burn into complete epithelialization; (2) Pigmentation of the scar; (3) Suppleness of the scar – is it progressing on to hypertrophy; (4) Any symptoms like pruiritis- which is a sign of histamine release phenomenon during wound healing; and the granulation tissue formed was analyzed. Thirty similar burn cases that did not receive heparin were the untreated controls. Results and Conclusions: The finding with and without heparin were compared. Visual evidences are presented and the details are in the Heparin Therapy in Burns Syllabus. 
Topical, Systemic, & Inhalation Heparin Use in Burns: A Pictorial Review.
KM Ramakrishnan1 V Jayaraman1 MJ Saliba2 AR Escamilla3 MG Costa4 
O Dmitrienko5  A Bonilla6 R Mlcak2 ZF Xia7 XL Chen7 SJ Oh8 C Thomas9

1India 2USA  3Mexico 4Brazil 5Russia 6El Salvador 7China 8S Korea 9Oman

Burn Pathology: Burns are painful, coagulation prone, ischaemic, cellular destructive body surface thermal injuries with complex local and systemic pathology and high mortality. The thermal injury induces an initial irreducible destruction of cells. Progression of burn pathology increases the size and depth of burn. The slow painful process of burn healing results in imperfect wound healing and often lifelong suffering with scars, contractures, and amputations.
Heparin Effects & Results in Burn and Other Studies: Heparin is widely found  in the bodies of animals and humans. Biochemically, it is most highly reactive, sulfated, negatively charged, acidic one. Initially only its anticoagulant properties were known. Then heparin’s multiple anti-inflammatory and wound healing propensity were uncovered. Heparin was discovered to play a positive role in the neoangiogenic revascularization of ischemic tissue. Studies in Chennai India   found evidence of heparin regulation of collagen deposition, initially accelerating the production and deposition; and then decelerating and remodeling the collagen deposition, so as to avoid proliferated fibrin scar. Studies in Chennai  found Heparin, in anti-inflammatory manner modulates the levels of IL6 during the inflammatory phase of wound healing. Burn studies uniformly found heparin relieved pain, blanched erythema, mimimized swelling, enhanced and shortened healing, and consistently resulted in smooth comfortable skin usually void of scars and contractures. Topically use alone resulted in smooth comfortable skin. In 3rd degree burns heparin preserved the intestinal structure and reduced the translocation of microorganisms. Burn studies found Heparin increased survival and decreased sepsis. Heparin altered burned lung pathology, improved oxygenation, and reduced baro-trauma and mortality. Initial use of  Heparin was compatible with, enhanced, and augmented other treatment methods. Where and when needed, Surgery, at a slightly delayed time, in a lesser amount could be performed after Heparin produced conditions favorable to success with surgery. Delaying initial surgery early postburn avoided blood loss and reduced the need for transfusions. Fewer transfusions would reduce the transmission of HIV virus.   
Heparin Use Produced New Burn Therapy: Consistently, in many countries burn doctors found use of Heparin by a protocol cost-effectively improved and simplified treatment, reduced suffering, mortality and results were cosmetically and functionally better. In this Heparin Therapy Symposium, our mostly pictorial presentations will show visual evidence. Details are in the Heparin Use Syllabus. 
The Role and Use of Heparin in Respiratory Inhalation Burns in Children

K Mathangi Ramakrishnan*and V Jayaraman**

*K.K.Childs Trust Hospital. **Kilpauk Medical College Hospital, Chennai India.
Introduction: Burns of the respiratory tract is essentially part of the burns of the face. Various degree of pathology can be seen in the burns of the face. The fumes of the flame and also the chemicals of the smoke emanated from the burning material can affect the respiratory tract. It is particularly important to know the type of material that burns and the chemical that is released in the fume, since each chemical has an effect on the respiratory epithelium. Thus direct respiratory tract injury with hot flame or with injurious chemical emanated from the burning material causes various pathological process in the respiratory tract producing morbidity and mortality in a burnt individual.

Pathology: In response to the hot flame or the chemicals the tracheo-bronchial epithelium sloughs into the airway lumen. The sloughed cells and the protein rich fluid exudates form intra-luminal casts of the airway. Tracheobronchial airway obstruction at various regions and in variable severity occurs resulting in poor oxygenation and high airway mechanical pressures are required to maintain the airway. Increased pulmonary micro vascular permeability and resultant pulmonary oedema also occurs mediated by polymorph nuclear cells with the release of cationic proteases – elastase and oxygen free radicals. There is involvement of the lung tissue in the form of oedema and obstructive airway and micro vascular changes initiated by the proteases. 
Methods: Heparin solution or a combination of Heparin with DSMO was nebulised and delivered through an IPP Respirator using a standard protocol which will be detailed in the presentation and or detailed in the Syllabus. 
Results: Respiratory pathology was reduced, blood oxygen was increased, and mortality was lowered. The amount of mucous, lymph, and oedema in the lungs was decreased, and the number of tracheobronchial casts was reduced. Discussion: The known effects of heparin appear to be components in the therapy observed – including anticoagulating, anti-inflammatory. In fact, heparin has been used as a respiratory anti-allergenic agent. Heparin has been shown to increased production of endogenous superoxide dismutase, so an oxygen free radical scavenger role for heparin is postulated. Heparin and DSMO inhibited the micro-vascular permeability associated with respiratory burn. A mucolytic function for heparin is possible. 
Conclusions: The use of aerosolized inhalations of heparin solution and heparin solution with DSMO, were found of benefit in burns involving the respiratory tract.  

Heparin Use in Burns at Cristo Redentor Hospital, Porto Alegre, Brazil.

M da G. Costa (Director), AJ Vercoza, (Cardiologist), S Alvarez, and AO Oikawa (Residents), in the Plastic Surgery and Burn Services Center.  
Introduction: Our Use of Heparin was started after we attended the Heparin

Use in Burns Section at the 10th ISBI Congress in Jerusalem November 1998. 

1650+ burned patients, an average 240 annually, have been treated with heparin.
Method: In an Initial Study: Sodium Aqueous Heparin USP was infused, 5000 IU (IV) in children, 10,000 IU (IV) in adults, within 4 hours after the burn. At the same time we began dripping 5000 IU/ml heparin solution on the burn surface area, using 1 ml of heparin solution for every 1% burn surface area. Topical use was repeated 4 or 5 times a day. Intravenous use was once daily. Results: In an initial study without controls, we observed blanching of the burn lesions, release and relief of pain, and reduction in edema swelling. It was not necessary to use morhine. The necessity to changes dresses was reduced and then abolished. Water baths and debridements were not needed. We observed an evolution in the lesions: the burns turned dryer, and smaller. And the eschar started to become less tight after the fifth day, because the wound was healing under the eschar, especially with 2nd degree burns. At the 7th Day, the 3rd degree burns were debrided and grafted, reducing the time of hospitalization. Method in 2 Studies with Controls: (1) 20 patients Treated with heparin (H) were compared to 20 Control (C) cohort patients not treated with heparin; and (2) Another 20 H patients were compared with 22 C patients given Traditional Care without Heparin. Patients with a contraindication to Heparin, or with diabetes, epilepsy, and/or alcoholism, were excluded. Treated H patients received USP Sodium Aqueous Heparin (Swine intestine source) intravenously for the first 48 hours, subcutaneously twice a day for 3 days, and topically 3-4 daily from onset into final healing. Results: Results, similar in both 1 and 2, are stated for Study 2. C required pain medicine every 4 hours. H needed none. Inflammation abated in H, persisted in C. In H, Anesthetics and Surgical Procedures (total 5ops in 20pts, av 0.2/pt) in H, were significantly less compared to C (100% of C had 2.5 av ops/ pt). Baths with debridements were discontinued in H, but needed and used in C. In H, Blood Transfusions, 4 in 20pts or 20%, and blood transfusion volumes, av 390 ml per transfusion, were significantly less than in C, 13 in 22pts or 59.9%, av   of 1,642 ml of blood/pt. Days in Hospital was 16.5 av in H, and 21 Days av in C.  The postburn days to reepithelialize the burns was 16.5 day in H and 21 days in C. The new epithelium in H was remarkably smoother with less contracture and less scar. The cost in H was 70% less than C. All of these improvements resulted in a sense of well-being in patients, especially children and their mother.   Method, Results, Statistics and Pictures will be presented, and be in the Syllabus.  
A Comparative Study of Burns Treated With and Without Topical Heparin

TS Venkatachalapathy, S Mohankumar, M Raghuveer, and DK Baliga

Government General Hospital Burn Center, Pondicherry, India.

Introduction: Within 10 months in 2004-2005, in our Government Hospital Burn 
Center in Pondicherry India, this controlled study of 100 continuous similar patients, who had sustained predominantly superficial and deep 2nd degree burns was performed, comparing the results using traditional treatment in 50 patients with the results in 50 similar cohorts who had heparin added topically initially.
Method: 100 burned patients, age 5-35 years, with superficial and deep 2nd degree burns of 5-45% Total Body Surface Area (TBSA) size were the subjects. Two similar cohort groups with 50 subjects in each group were randomly treated, using traditional burn treatment in a Control Group (C) of 50; or with 5000 International Units per milliliter (IU/ml) of heparin solution added topically, administered 2-3 times a day in declining dose, was added for the initial 5-7 days, in a Heparin Treated Group (H) of 50.  Then heparin was discontinued and the treatment of both C and H groups was similar.     

Results: H complained of less pain than C. H had less pain medicine than C.  H needed fewer dressings and fewer antibiotics than C.  H had fewer skin grafts than C, 4 in 50 or 8% versus 10 in 50, or 20%.  The mortality rate, previously 31% and 31% in C was reduced in 6 months to 23.8% in H.  Days in hospital, average 10 days, range of 2-37 days, for H, was less than for C (range of 5-48 days, average to be determined).  H burns were healed in 15 days average, a range of 2-37 days, versus 5->48 day range in C (average to be determined). 
Conclusions: The initial topical use of heparin for up to one week improved treatment and results in burned similar 50 subject cohorts in this prospective controlled study. In age 15 to 35 Year statistically similar 50 burned patient cohorts, 2nd degree in severity and less than 50% TBSA in size, the addition of Sodium Aqueous Heparin USP, administered only topically on the burn surfaces for the first 5-7 Post-Burn Days, prior to surgical skin grafting, significantly improved burn treatment, prepared the burns for grafting, and reduced burn morbidity, mortality, procedures, medicines, time of treatment, scars, contractures and costs in the 50 Heparin Treated Patients compared to the 50 Control Patients who were not treated with heparin
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