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the burn center environment. The Burn Life Support Provider Course (ABLS) is an eight-hour course designed to provide doctors, nurses, nurses, nurses, medical assistants, and paramedics with the ability to evaluate and stabilize patients with severe burns during the first critical hours after the injury and identify those patients who need to be transferred to a burn center. The course is not designed to
teach comprehensive burn care, but rather to focus on the first 24 hours after the injury. At the end of the course, participants will be able to provide primary treatment of the burn area, associated injuries and common complications within the first 24 hours after burning. Specifically, participants will be able to demonstrate an ability to do the following: • Evaluate a patient with a severe burn • Define the
magnitude and severity of the injury • Identify and prioritize treatment. • Manage airways and support ventilation • Initiate and monitor fluid resuscitation • Apply correct methods of physiological monitoring • Determine which patients should be transferred to a burn center • Organize and carry out interhospital transfer of a severely injured burn patient The American Burn Association is accredited by the
Accreditation Council for Continuing Medical Education to provide ongoing medical education for physi-cians. The ABA designates this continuing medical education activity for up to 8 6. 10 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER MANUAL Credit Hours in Category 1 of the American Medical Association Medical Recognition Award. Each doctor must claim only the hours of credit that
actually happened in the educational activity. This program has also been approved by an AACN Certification Corporation 0009100 approved provider under AACN Certification Corporation's established guidelines 10 hours contact, CERP Category A. II. COURSE CONTENT Burn care is multidisciplinary. Therefore, the ABLS Course is designed in a multidisciplinary format and is based on guidelines for
initial burn care disclosed by the American Burn Association. The ABLS Provider Course presents a series of didactic presentations on initial evaluation and management, airway management, smoke inhalation injury, impact and fluid resuscitation, wound management, electrical injuries, chemical injuries, pediatric patient, and transfer and transportation principles. Participants then apply these concepts
during case study discussions. Participants also have the opportunity to work with a simulated burn patient, both to reinforce the principles of evaluation and stabilization and as a means of applying the American Burn Association for the transfer of patients to the burning centers. The final tests consist of a written examination and a practical evaluation. III. CONCLUSION The management of a severely
burned patient in the first few hours can significantly affect the long-term outcome. Therefore, it is important that the patient is handled properly in the first hours after the injury. The complexity, intensity, multidisciplinary character and expense of care required by a widely burned patient have led to the development of burn centers. Regionalization of burn care at these centers has optimized the long-term
outcomes of widely burned patients. Due to regionalization, it is extremely common for the initial care of the severely burned patient to occur outside the burn center, while trans-port needs are determined and transport is carried out. The goal of the ABLS Course is to transmit information that will allow those who rarely treat burn patients to provide the necessary care for a burn patient within the first 24
hours after the injury. IV. SELECTED REFERENCES American College of Surgeons—Trauma Committee. Optimal Injured Patient Care Resources. Chicago: American College of Surgeons, 1999 (Describes Burn and Trauma Care program requirements.) 7. INTRODUCTION 11 Sheridan RL, Hinson MI, Liang MH, et al. Long-term result of children surviving massive burns. JAMA 2000 Jan 5. 2000;283:69-
73. (Demonstrates that the quality of long-term results after burns is positively influenced by care in a multidisciplinary burn care environment.) Sheridan RL, Weber J, Prelack K, Petras L, Lydon M, Tompkins R. Early transfer of the burn center shortens the length of hospitalization and reduces complications in chil-drain with serious burn injuries. J Burn Care Rehabil 1999 Sep-Oct. 2000;20:347- 50.
(Demonstrates that delayed transfer of severely burned patients compromises the outcome, increases hospitalization duration, and increases costs.) 8. Initial Assessment &amp; Management Goals Once this topic is completed, participants may: • Identify the components of a primary and secondary survey • Apply the Nines Rule to make an initial estimate of the extent of the burn • Distinguish between
partial thickness and full thickness burns • Indicate the ABA Reference Criteria 1 9. 14 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER MANUAL I. PRIMARY SURVEY The initial evaluation of the burn patient is similar to that of any trauma patient. Imme-diate priorities are those outlined by the Trauma Committee of the American College of Surgeons and enacted in the Advanced Trauma Life
Support Course. • airway with cervical spine protection • Breathing and ventilation • Circulation with bleeding control • Disability (neurological access deficit) • Exposure (completely undressing the patient, but maintaining temperature) A. Airway The airways should be evaluated immediately. Compromised airways can be con-trolled by simple measurements, including: • Chin lift • Jaw thrust • Insertion of an
oral oral pharyngeal in the unconscious patient • Assessment of the need for endotracheal intubation It is important to protect the cervical spine before doing anything that flexes or extends the neck. Inline cervical immobilization is performed during initial evaluation, in general, and during endotracheal intubation, in particular for patients suspected of cervical spine injury from the injury mechanism or for
those with altered mental state. B. Breathing and ventilation Ventilation requires proper functioning of the lungs, chest wall and diaphragm. Each should be evaluated as part of the primary survey: • Listen to the chest and check the breathing sounds in each lung. • Evaluate the adequacy of the rate and depth of breathing. • High flow oxygen is initiated in each patient at 15 L (100%), using a non-rebreathing
mask. • Full thickness circumferential burns of the trunk can affect ventilation and should be closely monitored. C. The circulation assessment of circulation adequacy includes the assessment of blood pressure, pulse rate and skin color (of unre burned skin). The intravenous cannula is performed by inserting two large diameter catheters (into the un burned skin, if possible) to begin fluid administration. The
Doppler test can be used to determine if there is a 10. CHAPTER ONE: Initial assessment &amp; Management 15 circulation deficit in a circumferentially burned limb. Physical indicators of a circulation deficit include: decreased sensation, decreased distal pulses, and slow capillary recharge. Circulation in a limb with full thickness burns may be affected as a result of the formation of underwater edema. D.
Disability, Neurological deficit Typically, the burned patient is initially alert and oriented. If not, consider associated injuries, carbon monoxide poisoning, substance abuse, hypoxia, or pre-existing medical conditions. Start the evaluation by determining the patient's level of consciousness using the AVPU method: A – Alert V – Responds to verbal stimuli P – Responds only to painful stimuli U – Does not
respond E. Exposure / Environmental Control Remove all clothing and jewelry to complete the primary and secondary evaluation. Maintaining the patient's temperature is a priority. The room should be heated and, once the evaluation is complete, the patient should be covered with dry sheets and blankets to avoid hypothermia. Hot intravenous fluid (37-40o C) may also be used for resuscitation. II.
SECOND SURVEY The Secondary Survey does not begin until the primary survey is completed and after resuscitation efforts are well established. A secondary survey involves a complete of the patient's toes. Burn is often the most obvious injury, but other serious and even life-threatening injuries may be present. A thorough history and physical examination are needed to ensure that all pre-existing
injuries and illnesses are properly identified and managed. A complete neurological examination is performed, and indicated and lab studies are obtained. A. History Every effort should be made to obtain as much information as possible regarding the incident. Initial handling, as well as definitive attention, is dictated by the mecca-nism, duration and severity of the injury. The following information should be
ob-tained: 1. Circumstances of injury a. Flame • How did the burn occur? 11. 16 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER MANUAL • Did the burn occur inside or outside? • Did your clothes catch fire? • How long did it take to put out the flames? • How did the flames go out? • Was gasoline or other fuel involved? • Was there an explosion? • Did you the patient? • Was there a fire in the
house? • Was the patient found inside a room full of smoke? • How did the patient escape? • If the patient jumped out of a window, from what floor? • Others were killed at the scene? • Was the patient unconscious at the scene? • Was there a car accident? • How seriously was the car damaged? • Was there a fire in a car? • Are there other injuries? • Are the alleged circumstances of the injury consistent with
the characteristics of the burn (i.e. abuse is a possibility)? b. Scald • How did the burn occur? • What was the temperature of the liquid? • What was the liquid? • How much fluid was involved? • What was the water heater set to? • Was the patient wearing clothes? • How quickly did the patient's clothes be removed? • Is the burned area cooled? Who was with the patient when the burn was made? How
quickly was attention sought? • Where did the burn occur (e.g. bathtub, sink) ? • Are the alleged circumstances of the injury consistent with the characteristics of the burn (i.e. abuse is a possibility)? 12. CAPITULO UNO: Initial evaluation and management 17 c. Chemistry • What was the agent? • How did the exhibition occur? • What was the duration of contact? • What decontamination occurred? • Is there
an MSDS? • Was there an explosion? d. Electrical • What type of electricity was involved? • What was the duration of contact? • Was the patient thrown or dropped? • What was the estimated voltage? • Was there a loss of consciousness? • Was CPR administered at the scene? 2. Medical History to. Factors to consider • Pre-existing diseases or associated diseases (e.g. diabetes, hypertension, heart or
kidney disease, seizure disorder) • Medications/alcohol/drugs • Allergies • History of immunization against tetanus b. Mnemonic An easy help to obtain the information needed above is by using mne-monic, AMPLE: A - allergies M - P medicines - previous illness, past medical history, pregnancy L - last meal or drink E - events / environment related to injury B. Head to Toe examination . 18 ADVANCED
BURN LIFE SUPPORT COURSE: PROVIDER • Maxillofacial • Cervical spine and neck • Chest • Abdomen • Perineum, genitals • Back and buttocks • Musculoskeletal • Vascular • Neurological 2. Determining the severity of a burn The severity of burn injury is determined primarily by the extent of the body surface area involved and, to a lesser extent, by the depth of the burn. However, other factors (such as
age, the presence of simultaneous medical or surgical tests, and complications accompanying burns to certain areas, such as the face, hands, and genitals) should be considered. A. Burn extension The guide most commonly used to make an initial estimate of the extent of the burn on second and third degree burns is the Rule of the Nine, which is based on the fact that in the various adult anatomical
regions they represent approximately 9% — or a multiple — of the total body surface area (TBSA). In the baby or child, the Rule def diverts due to the large surface of the child's head and the smaller surface of the lower extremities. (Burn diagrams take these factors into account.) B. Estimate of limited-extension scattered burns The patient's hand size, including fingers, accounts for about one percent of
their total body surface area. Therefore, using the patient's hand size as a guide, the extent of irregularly dispersed burns can be estimated. c. Depth of a burn The depth of tissue damage due to a burn depends heavily on four fac-tors: • Temperature • Contact duration • Dermis thickness • Blood supply 14. CAPiTULO ONE: Initial Evaluation &amp; Management 19 Special attention should be paid to very
young and elderly patients due to their thin skin. Burns in these age groups may be deeper and more severe than they initially appear. C. Secondary survey management principles/complements Depending on the type and extent of the burn and the duration of transport, the following stabilization procedures may be applied in the pre-hospital environment or in the emergency department of the receiving
hospital. 1. Stop the Burning Process Remove clothes from the areas involved; wash all areas in contact with a chemi-cal; remove from electrical contact in case of electrical injury. 2. Universal precautions Burn care personnel are at risk of pathogenic personnel (e.g. HIV, hepatitis B, hepatitis C) dealing with the transmission of the burned patient. Therefore, appropriate universal precautions for each
burned patient should be implemented by each member of the health care team. 3. Fluid resuscitation The consensus fluid formula for the first 24 hours after burning for burnt adult patients is: 2-4 ml Lactate x Ringer body weight in kg x % BSA burn. In the first eight hours after the injury, half of the calculated amount is given. In the second eight hours, 25% is given. And in the third eight hours, 25% is
administered liquid. (This is discussed in more detail in Chapter 3, Resuscitation of Shocks and Fluids.) The IV rate should be adjusted as needed to maintain an adequate urine outlet. 4. Vital signs Vital signs should be monitored at frequent intervals. 5. Insertion of nasogastric tube patients with burns of more than 20% TBSA are prone to gastric gastric dilation to the Ileus. 6. Urinary catheter insertion
Insertion of a urinary catheter is important because urine outlet is the best guide to ensure the suitability of fluid resuscitation. 7. Assessment of limb infusion In constricnt circumferential burns, edema that develops in the tissue under the scar can gradually affect venous return. If this progresses to the point where capillary and arterial flow is significantly reduced, ischemia and necer can result. Early signs
and symptoms include numbness and pain in the 15. 20 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER'S MANUAL Tip. When the pressure of the compartment in a limb is high, a scarotomy is indicated to restore proper circulation. (The fetomy proce-dures are discussed in Chapter 4, Handling Burn Wounds.) 8. Continuous respiratory evaluation Chest and/or abdominal burns may restrict
ventilatory excur-zion and chest/abdominal scarotomy may be necessary in adults and chil-dren. A child has a more flexible chest box (making it harder to work against constriction resulting from a circumferential chest burn) and may need a scarotomy before an adult burn victim. 9. Pain management Morphine is indicated for pain management associated with burns. Changes in fluid volume and blood flow
of tissue cause the absorption of any medicine given intramuscularly or subcutaneously unpredictably. Intramuscular or subcutaneous pathways should not be used, and narcotics should only be administered intravenously and at doses no larger than those necessary to control pain. 10. Psychosocial evaluation Health care providers should be sensitive to the variable emotions experienced by burned
patients and their families. Feelings of guilt, fear, anger and depression must be recognized and addressed. In cases where intentional burning is replaced, either by self-immolation or abuse, efforts should be instituted to protect the patient from further harm. The psychiatric consultation must be ob-tained. III. INITIAL CARE OF BURN WOUND A. Thermal burns Cover the burning area with a clean, dry
blade. Covering all burn wounds prevents air currents from causing pain in partial thickness burns. Ice or wet dressings should never be applied directly to the burn, due to the possibility of frostbite. Cold applications should not be used, except in the smallest of burns. B. Electrical injuries As electric current passes through an individual, it can cause skin burns as well as extensive internal damage. A major
concern is the effect electric rental has on normal cardiac electrical activity. Dysrhythmias can occur even after a stable heart rhythm has been obtained. Therefore, continuous heart control may be necessary within the first 24 hours after the injury. Keep in mind that even if the visible surface injury does not appear serious, there may be deep tissue injuries and severe concealment. (In Chapter 5, 5, 16.
CAPiTULO UNO: Initial evaluation and management 21 C. Chemical burns Any chemical agent should be washed immediately from the body surface with abundant amounts of water. Powdered chemicals should be brushed from the skin before washing the body surface. All contaminated clothing must move again. Chemical eye injuries require continuous watering until one burn doctor or ophthalmologist
tells another. (In Chapter 6, Chemical Injuries further analyses the management of these patients.) Emergency team members should also be adequately protected from chemical exposure. IV. INITIAL LABORATORY STUDIES Burn injuries can cause dysfunction of any organ system. For this reason, basal laboratory tests are often performed, such as the following. These tests may be useful for
evaluating the patient's subsequent progress: • Hematocrit • Electrolytes (e.g. Na+, K+, Cl-) • Blood urea Nitrogen • Urinalysis • Chest Roentgenogram When special circumstances exist, Additional specialized tests, such as follow-up, may be appropriate: • Arterial blood gases (if an inhalation injury is suspected) • Carboxyhemoglobin • ECG — With all electrical burns or pre-existing heart problems • Glucose
(in children) and diabetics V. BURN CENTER REFERRAL A. Characteristics of the burn center A center of burned is a hospital-based service capability that has made the unstitutional commitment to care for burned patients. The burn center is staffed by a team of professionals with experience in caring for burned patients, including both acute care and rehabilitation. Burn equipment provides educational
programs regarding burn care to all health care providers and involves itself in research related to burn injuries. A burn unit is a specific area within a hospital, which has a specialized nursing unit dedicated to burning patient care. 17. 22 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER MANUAL B. Reference Criteria The American Burn Association has identified the following injuries as those
used that require a referral to a burn center. Patients with these burns should be treated at a specialized burn center after initial evaluation and treatment in an emergency department. Burn injuries to be referred to a burn unit include: 1. Partial thickness burns greater than 10% of the total body surface area (TBSA). 2. Burns involving the face, hands, feet, genitals, perineum or main joints. 3. Third degree
burns in any age group. 4. Burns including lightning injuries. 5. Chemical burns. 6. Inhalation injuries. 7. Burn injury in patients with pre-existing medical conditions that could complicate management, prolong recovery or affect mortality. 8. Any patient with burns and concomitant trauma (such as fractures) in which the burn injury poses the highest risk of morbidity or mortality. In such cases, if the trauma
poses an increased immediate risk, the patient may initially be stabilized in a trauma center before being to a burn unit. The doctor's judgment will be necessary in such situations and should be in accordance with the regional medical control plan and triage protocols. 9. Children burned in hospitals without qualified staff or child care equipment. 10. Burn injury in patients who will require special social,
emotional or long-term rehabilitation intervention. Questions about specific patients can be resolved by talking to the burn center. VI. SUMMARY A burn of any magnitude can be a serious injury. Health care providers should be able to assess injuries quickly and develop a priority-based care plan. The care plan is determined by the type, extent, degree of burn, as well as available resources. Each health
care provider should know how and when to contact the nearest specialized burn care center/burn center. Your doctor's appointment at the burn center will determine the best method of therapy. If the assistant physi-cyan determines that the patient should be treated at the burn center, the extension of 18. CAPiTULO ONE: Initial evaluation &amp; Management 23 the treatment provided at the reference
hospital—and the method of transportation to the burn center, must be decided in consultation with the burn center doctor. VII. SELECTED REFERENCES Bell RM, Krantz, BE: Initial evaluation. In Mattox KL, Feliciano DV, Moore EE, eds. Trauma, McGraw-Hill, United States of America, 2000, 153-170. (Provides a review of the initial evaluation of injured patients.) Cancio LC, Mozingo DW, Pruitt BA Jr:
Effective Emergency Care Management for Severe Thermal Injuries, J Crit Illness 12(2):85-95, 1997. (Provides a review of the initial evaluation of patients with burns.) Mozingo DW, Barillo DJ, Pruitt BA Jr: Acute resuscitation and transfer management of patients with thermal injuries, Quarterly Trauma 11(2):94-113, 1994. (Provides a review of stabilization and transfer of burned patients.) Pruitt BA Jr,
Goodwin CW Jr, Pruitt SK: Burns. In: Sabiston DC Jr., ed. Sabiston Surgery Textbook. Philadelphia, Pennsylvania: W.B. Saunders Company, 1997: 221-252. (Provides an overview of burn care). GD warden: Fluid resuscitation and early management. In: Herndon DN, ed. Total Burn Care. WB Saunders Company Ltd, Philadelphia, Pennsylvania, 1996: 53-60. (Provides an overview of the resuscitation of
fluids in burns). 19. 2S Objectives of Track Management and Smoke Inhalation Once this topic is completed, the participant may: • Discuss the pathatology of the inhalation injury • List three types of inhalation injuries • Describe the indications for early airway intervention • Discuss the principles of management of management • special considerations for children with inhalation injuries 20. 26 ADVANCED
BURN LIFE SUPPORT COURSE: PROVIDER'S MANUAL I. INTRODUCTION Inhalation injury is manifested by pathology and dysfunction that become apparent in the airways, lungs and respiratory system within the first five days after inhaling smoke and irritants from Combustion. Inhalation injury is an important determinant of death in fire victims. Inhalation injuries are present in 20-50 percent of
patients admitted to burn centers and 60-70 percent of patients who die in burn centers. Patients receiving massive fluid resuscitation may develop upper respiratory edema with subsequent asphyxiation. Prophylactic intubation is required to protect the airways. There are three distinguishable types of airway inhalation injuries: • carbon monoxide poisoning • inhalation injury above glottis • inhalation injury
below glottis II. PATHOPHYSIOLOGY A. Carbon monoxide poisoning Most deaths that occur in a fire scene are due to asphyxiation and/or carbon monoxide poisoning. Carboxyhoglobin levels of 50-70 percent or higher are often found in these patients. Among survivors with serious inhalation injuries, carbon monoxide poisoning can be the most immediate threat to life. Carbon monoxide attaches to
hemoglobin with an affinity 200 times greater than oxygen, and if sufficient hemoglobin is attached to carbon monoxide, tissue hypoxia will occur. The most immediate threat is to hypoxia-sensitive organs, such as the brain. Levels of 40-60 percent carboxyhemoglobin cause otundation and loss of consciousness. Levels of 15-40 percent cause central nervous system (CNS) dysfunction of varying degrees.
Carboxyhoglobin levels of 5 to 10 percent are often found in smokers and people exposed to heavy traffic. In this situation, carboxihhemoglobin levels are rarely symptomatic. A finding typically associated with high levels of carboxyhoglobin is a red cherry skin coloration. However, this finding may be present in only 50% of patients with severe carbon monoxide hypoxemia. In fact, patients with severe
carbon oxide poisoning may not have other significant findings in the initial physical and laboratory examination. Cyanosis and tachypnea are not likely to be present because CO2 removal is not affected. Although the O2 content of the blood is reduced, the amount of oxygen dissolved in the plasma (PaO2) is not affected by carbon monoxide poisoning, which makes blood gas testing normal, except
carboxyhoglobin. Oxygen satu-ration is also usually normal because an oximeter detects oxygen-saturated hemoglobin and does not measure carbon monoxide. Due to the variability of symptoms, 21. CHAPTER TWO: Airway management and smoke inhalation injury 27 it is essential to determine the level of carboxyeloglobin in patients exposed to monoxide B. Inhalation injuries Above Glotis Except for
rare events (such as steam inhalation, scalded fluid aspiration, or explosions occurring while a patient is breathing very high concentrations of oxy-gen or flammable gases under pressure), airway thermal burns are limited to the upper airways above glottis (nasopharynx, orofaringe). The heat exchange capacity of the respiratory tract is so efficient that most absorption and damage occurs above the Strings.
Faringe heat damage is often severe enough to cause upper respiratory obstruction, and can cause obstruction at any time during resuscitation. In patients without transplantation, supralototic oedema may be delayed at onset until fluid resuscitation is well underway. In these situations, early intervention of the airways with intubation may be preferable to waiting due to the loss of reference points with



edema. Generalized edema related to burn size can occur without thermal injury. C. Inhalation injuries below Glotis In general, inhalation injury above glottis can be thermal or chemical, while below glottis is almost always chemical. Smoke contains nocúlas chemicals such as aldehydes, sulfur oxides and phosgenes, which cause direct damage to the epithelium of the large airways. With prolonged
exposure to this type of smoke, partially in patients who are unconscious, smaller airways and terminal bronchi are often affected. Physical changes associated with an injury below glottis include: • impairment of ciliary activity • erythema • hypersecretion • edema • ulceration of the airway mucosa • increased blood flow • spasm of bronchi and bronchi • deterioration of tracheobronchitis immune defenses with
severe spasm and wheezing can occur within the first few minutes to hours after the injury. Although there are exceptions, the higher the dose of smoke absorbed, the more likely it is that the patient will have a high level of carboxyhismglo-bin and shortness of breath in the first few hours after burning. However, it should be noted that the severity of the inhalation injury and the extent of the damage are
clinically unpredictable depending on the history and initial examination. In addition, chest x-rays are usually normal at the time of admission of patients with inhalation injuries. While inhalation injury below glottis without significant associated skin burns has a relatively good prognosis, the presence of such burns in addition to inhalation injury 22. 28 ADVANCED BURN LIFE SUPPORT COURSE: THE
PROVIDER'S MANUAL significantly worsens the prognosis, especially if the burn is large and the onset of breath-tory distress occurs in the first few hours after the injury. The onset of symptoms is so unpredictable that the patient with possible inhalation injury should be closely observed for at least 24 hours. Mucosal detachment can occur as late as 4-5 days after an inhalation injury. There is experimental
evidence that inadequate volumes of liquid resuscitation can be so harmful, and such even more harmful— for lung function than excessive resuscitation of fluids after burning. Therefore, careful monitoring and resuscitation of appropriation are desirable in this condition. Neither the presence nor the ab-sence of colloid in resuscitation fluids have been correlated with a better result after an inhalation injury.
III. INITIAL ADMINISTRATION A. Oxygen therapy and initial airway management Any patient suspected of carbon monoxide poisoning and/or inhalation injury should receive immediately immediately 100% oxygen per mask until carboxyhism-globin approaches normal levels. Stridor or noisy breathing sounds are indicators of imminent upper respiratory obstruction and emergency endotracheal intubation.
Intubation should be accom-plished by any route that is most appropriate under the circumstances: transnasally if possible; transotionally if necessary. In the face of a possible cervical spine injury, the stability of the spine should be determined by appropriate radiomobetic imaging prior to airway intubation. After checking that the endotracheal tube is in the proper position by auscult-tion and roentgenogram,
safety requires the tube to be secured in place. An endotracheal tube that is evicted may be impossible to replace due to obstruction of the upper airways by edema. Adhesive tape adheres poorly to the burnt face; therefore, secure the tube with an umbilical tape passed around the head. Intubation is indicated if airway obstruction is imminent, as indicated by progressive hoarseness and/or stridor, or if the
level of consciousness is such that the pro-technical reflexes of the airways deteriorate. Intubation should be performed by an experienced individual, as in this adjustment intubation can be difficult due to swelling of the face and hypopharynx. In rare cases, emergency cryototomy is required. B. Factors to consider when deciding whether to intubate a burnt patient when deciding whether to intubate a patient
with burns, the following factors should be considered: • Burn size (&gt;40-50%) 23. CAPiTULO DOS: Airway management and smoke inhalation injuries 29 • Extensive face burns • Burns inside the mouth • Significant oedema or risk of edema • Signs of airway obstruction • Difficulty swallowing • Hoarseness • Estriquera • Estri • Significant changes in voice • Use of accessory respiratory muscles • Panic
appearance • Significant inhalation injury • Need for pulmonary toilet • Inability to protect airways • Inability to manage secretions • Signs of respiratory fatigue • Poor oxygenation or ventilation • Need for large doses of narcotics IV. ADVICE AND MANAGEMENT A. Results of the overall assessment After adequate airways, ventilation and oxygenation are guaranteed, the evaluation may proceed with less
urgency. 1. History of historical facts in the evaluation are: • Is there a history of unconsciousness? • Were harmful chemicals involved? • Were there injuries in an enclosed space? (A high percentage of people with docu-minded inhalation injury were injured in a closed area, and people in such conditions longer exposure to smoke.) 2. Physical findings Physical findings suggesting airway injuries include: •
Carbonaceous sputum 24. 30 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER'S MANUAL • Facial burns, sung nasal hairs • Agitation, anxiety, stupor, cyanosis or other general signs of hypoxemia • Rapid breathing rate, nostrils or intercostal retractions, especially from the lower chest box • Hoarse voice, hoarseness, Coughing, grunting or guttural breathing sounds • Rales, rhonchi or distant
breathing sounds • Erythema or swelling of oropharynx or nasopharynx • Inability to swallow B. Treatment for each type of inhalation injury 1. Carbon monoxide poisoning The half-life of carbon monoxide in the blood is approximately 4 hours for patients breathing air from the room and is reduced to about an hour with 100% oxygen. For this reason, patients with high levels of carboxyhoglobin should receive
100% oxy-gen until levels below 15 percent are reached. Hyperbaric oxygen for these patients has an unproven value. Transfer to a burn center should not be delayed by efforts to institute hyperbaric oxygen therapy. 2. Inhalation injury above glottis upper airway obstruction can progress very quickly when it occurs. Patients with edema or pharyngeal, hoarseness or stridor burns are highly likely to develop
upper respiratory obstruction and should be intubated prior to transfer to the burn center. Blood gas control is not helpful in this context. Physical findings of possible airway injuries and the extent of the skin burn should be relied upon. 3. Inhalation injury below glottis Patients with inhalation injury mainly have symptoms of bronchial and bronchial injury: bronze and/or expiratory wheezing. Before transfer,
intubation is indicated to eliminate secretions, relieve dyspnoea and/or ensure adequate oxygenation and ventilation. At other times, inhalation injury occurs mainly at the level of respiratory gas exchange. This form of injury is often delayed at onset, with its earliest manifestation being impaired arterial oxygenation rather than an abnormal chest reentgenogram. Careful monitoring is essential to identify the
need for mechanical ventilation if the patient's condition deteriorates. Circumferential burns of the chest or abdomen may require scartomies to improve ventilation. (This procedure is described in Chapter 4, Burn Wound Management.) Steroids should not be used as prophylaxis in patients with inhalation injury. 25. CAPiTULO DOS: Airway management and smoke inhalation injuries 31 4. Inhalation injury
in paediatric patients Because children's airways are relatively small, upper respiratory obstruction may occur more quickly. If intubation is required, great care must be taken to use a suitable sized tube, which is properly positioned. Small un cuffed tubes are particularly easy to move and must be securely secured. The chest box of child is not ossified and is more flexible than that of an adult. Therefore, the
retraction of the sternum with respiratory effort can be used as an indication for intubation. In addition, children are rapidly depleted due to decreased compliance associated with constrictive chest/abdominal burns. A scarotomy should be performed promptly with the first evidence of ventilatory deterioration. V. SUMMARY There are three distinguishable types of inhalation injuries: • Carbon monoxide •
Inhalation injury above glottis • Inhalation injury below the glottis The onset of symptoms associated with all types of inhalation injury is so impredictary that the patient should be closely observed for complications. Any patient with the possibility of inhalation injury should immediately receive 100 percent oxygen with humidi fiaura per mask. Patients burned with inhalation injuries will require care at the burn
center. The burn center should be contacted early to help coordinate a care plan prior to transfer. VI. SUGGESTED REFERENCES Herndon DN, Barrow RE, Linares HA, Rutan RL, Prien T, Traber LD, Traber DL. Inhalation induced patients: effects and treatment. Burns, 14:349-56, 1988. (Provides a review of the clinical management of the inhalation injury.) Fitzpatrick JC, Cioffi WG Jr. Ventilated support.
Respir Care Clin N Am 3(1):21-49, 1997. (Provides a review of the clinical management of the inhalation injury.) Hantson P, Butera R, Clemessy JL, Michel A, Baud FJ. Early complications and value of initial clinical and paraclyconic observations on smoke inhalation victims without burns. Chest 111(3):671-5, 1997. (Provides a review of the diagnosis of inhalation injury.) 26. Shock and Fluid Resuscitation
OBJECTIVES Once this topic is completed, the participant may: • Discuss post-burn hemodynamic changes • Identify post-burn fluid requirements • Describe physiological monitoring of resuscitation • List common complications of burn injury and resuscitation therapy • Identify patients requiring special fluid management 3 27. 34 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER'S MANUAL I.
INTRODUCTION Proper fluid management is critical to the survival of patients with extensive burns. Fluid resuscitation for any burnt patient should be aimed at maintaining the function of perfu-zion tissue and organ, avoiding complications of inadequate or exces-sive fluid therapy. Understanding the local and systemic effects of burn injury facilitates patient management in the post-early burn period. Burn
shock is easily preventable by physiologically based early management of patients with significant burn injuries. II. SYSTEMIC EFFECTS OF BURN INJURY A marked increase in peripheral vascular resistance accompanied by a decrease in cardiac production is one of the first manifestations of the systemic effects of thermal injury. These initial changes appear not to be related to hypovolemia and have
been attributed to neurogenic and humoral effects. Changes in blood pressure reflect the effects of edema formation on the area of the injury decrease in blood volume and drop in cardiac production, resulting in compensatory vascular responses. Magni-tude and the duration of the systemic response are proportional to the extent of the injured body surface. The added effect of these physiological changes
is a decrease and redistri-bution of tissue blood flow. Infusion of adequate amounts of fluid resuscitation restores production and blood flow to unburned tissues. III. RESUSCITATION A. Resuscitation objective The goal of resuscitation is to maintain tissue infusion and organic function avoiding complications of inadequate or excessive fluid therapy. B. Results of excessive resuscitation Edema that forms in
dead and injured tissue peaks within 24 hours of burning. The administration of excessive volumes of resuscitation fluid or inappropriate management of post-resuscitation fluids exaggerates the formation of edema, committing local blood supply and nutrient delivery. Fluid-sensitive patients include: • Children • Elderly • Patients with pre-existing heart disease 28. CAPiTULO THREE: Shock &amp; Fluid
Resuscitation 35 As evaporative water losses from the wound surface and renal excretion reduce the water and salt load related to resuscitation, edema resolves. C. Inadequate shock resuscitation results and organic failure, most commonly acute renal failure, can occur as a conse-quence of hypovolemia in a patient with extensive burn that is not treated or receives inadequate fluid. Increased capillary
permeability caused by burning is greater in the period immediately after burn and the decrease in effective blood volume is faster at that time. Rapid administration of adequate amounts of resuscitation fluid is essential to prevent the onset of burn shock and organ failure. IV. FLUID NEEDS IN THE IMMEDIATE POST-BURN PERIOD The needs of resuscitation fluids are related to burn extension and body
size. The patient's age further influences the relationship of fluid needs to body size, as children have a larger area per unit body mass. To calculate fluid needs, weigh the patient or obtain an estimate of weight from the patient or family prior to injury. The percentage of body surface area that has been burned is then estimated using the Rule of the Nines or any of several commonly available burn diagrams.
Reliable peripheral veins should be used to establish an intravenous cannula. If necessary, use vessels underlying burnt skin. If it is not possible to establish periph-eral intravenous access, a center line is required, using areas not burned if it is pos-sible. Paediatric patients under 8 years of age may be reanimated intraossis. A. Resuscitation fluid In the presence of increased capillary permeability, the
colloid content of the resuscitation fluid has little influence on intravascular retention during the initial hours after burning. As a result, crystalloid fluid is the cornerstone of resuscitation patients with burns. Fluid calculation • Adults:Ringer lactate 2-4 ml x Kg body weight x percent burn • Children: Ringer lactate 3-4 ml x Kg body weight x percent burn • Infants and young children: Infants and young children
should receive liquid with 5% dextrose at a maintenance rate in addition to the resus fluid mentioned above for children. It is advisable to consult with the burning center resuscitate infants and young children. 29. 36 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER MANUAL The infusion rate is regulated so that half the estimated volume is administered within the first 8 hours after burning. That
is the time during which perme-capillary capacity and intravascular volume loss are greater. The remaining half of the estimated resuscitation volume is administered within 16 hours of the first day after burning. The actually infused fluid volume is adjusted according to the patient's individual response to the burn and treatment regimen. Rate IV should be adjusted to maintain adequate urine production:
Adults: 0.5 ml/kg/h (30-50ml/hr) Children: 1 ml/kg/h Started quickly, adequate resuscitation allows a modest decrease in blood and plasma volume during the first 24 hours after burning and restores plasma volume to normal levels expected at the end of the second post-burned day. If the patient's transfer is delayed beyond the first 24 hours, consult the burn center about the ongoing resuscitation fluid
requirements. V. RESUSCITATION OF PEDIATRIC PATIENTS The largest area per unit of body mass of children requires the administration of relatively larger amounts of resuscitation fluid. The child's surface/body mass ratio also defines a smaller intravascular volume per unit of burnt surface. This makes the burned child more susceptible to fluid overload and hemodilution. Hypoglycemia can occur if
the child's limited glycogen stores are rapidly depleted by early elevation after burning circulating levels of steroids and catecholamines. Therefore, it is important to monitor blood glucose levels and, if hypoglycaemia develops, continue resuscitation using glucose solutions containing electro-lyte. VI. REQUIREMENT FOR MORE FORMULA-PREDICTED NEEDS Resuscitation fluid estimates are just that:
estimates. The patient's individual response to resuscitation should be used as a guide to add or retain fluid. The rate of liquid infusion should be increased or decreased by one third if urinary production falls below or exceeds those limits by more than one third for two to three hours. Liquid requirements that exceed formula estimates are common in the following groups: • Patients with associated injuries •
Patients with electrical injury 30. CHAPTER THREE: Shock and fluid resuscitation 37 • Patients with inhalation injury • Patients delaying resuscitation • Patients with prior dehydration • Patients with alcohol and/or drug dependence • Patients with very deep burns VII. RESUSCITATION MONITOR EACH patient reacts differently to the burns and resuscitation. The actual volume of infused fluid should be
varied from the volume calculated as indicated by the physical-ologic monitoring of the patient's response. It is easier during resuscitation to infuse additional fluid as needed than to remove excess fluid. A resuscitation that minimizes the volume and salt load, prevents acute kidney failure and is associated with a low incidence of pulmonary and cerebral edema is optimal. Cardiac production, which is initially
depressed, returns to the normal levels predicted between hours 12 and 18 after burning, for a time of modest progressive decrease in blood volume. In patients where cardiac output is not re-sponsored in this way, one should entertain the diagnosis of a myocardial infarction or some degree of myocardial insufficiency. Invasive control may be required and treatment may need to be modified. The patient's
overall condition also reflects the adequacy of fluid resuscitation and should be evaluated on a regularly scheduled basis. Mental state evaluation should be done frequently. Anxiety and restlessness are early signs of hypovolemia and hypoxemia. The liquid and ventilatovenous support should be adjusted as needed. A. Urinary output per hour The urinary output per hour obtained by using a resident
bladder catheter is the most readily available and generally reliable guide for resuscitation adequacy. • Adults: Adults: 0.5 ml per kg per hour (or 30-50 cc/hour) • Children weighing less than 30 kg: 1 ml per kg per hour The rate of liquid infusion should be increased or decreased depending on urine outlet. B. Treatment of Oliguria Oliguria, in association with an elevation of systemic vascular resistance and
reduction in cardiac output, is the most common result of inadequate fluid administration. In this environment, diuretics are contraindicated, and the infusion rate of resuscitation fluid should be increased. Such oliguria requires faster liquid infusion. 31. 38 ADVANCED BURN LIFE SUPPORT COURSE: MANUAL C. PROVIDER MANUAL C. Management of Hemochromaticuria (Red Pigmented Urina)
Patients with high voltage electrical injury and patients with associated soft tissue injury due to mechanical trauma may have significant amounts of myoglobin and hemoglobin in their urine. Administering fluids at a rate sufficient to produce a urinary outlet of 1.0-1.5 ml per kg per hour in the adult (approximately 75-100 cc/hour) will often produce the cleaning of heme pigments quickly enough to eliminate
the need for a diuretic. If urine outlet and pigment cleaning do not respond to vigorous fluid administration, 12.5 gm of osmotic diuretic mannitol should be added to each liter of resuscitation fluid. When an adequate urinary output has been established and the pigment density decreases, therapy continues without addition of the diuretic agent to the resuscitation fluid. Since heme pigments are more soluble
in an alkaline medium, baking soda can be added to the as needed to maintain slightly alkaline urine. The pigment I haven't noticed may indicate compartment syndrome. Administration of a diuretic prevents the subsequent use of urinary output per hour as a guide for fluid therapy; other adequacy rates of volume substitution should be About. D. The sphygmomanometric measurement of blood pressure
can be misleading in the burnt limb in which progressive edema formation occurs. As swelling wrinkles, the auditory signal gradually decreases. If, based on these findings, fluid infusion is increased, the formation of edema is exaggerated, which further affects the auditory evaluation of blood pressure. If not recognized, this misinterpretation of the change in detected blood pressure can lead to massive fluid
overload. Even intraarsal blood pressure control may not be reliable in patients with massive burns due to peripheral vasoconstriction, secondary to the marked elevation of vasoactive humoral factors such as catecholamines. E. Heart rate Heart rate is also of limited use in monitoring fluid therapy. Tachycardia of 100 to 120 per minute is common in adult patients who, based on other physical-oological
blood volume rates, appear to be adequately reanimated. Tachycardia levels in paediatric patients depend on their normal heart rate. F. Hematocrit and hemoglobin During the first 24 hours after burning, neither hemoglobin level nor hematocrit is a reliable guide to resuscitation. Whole blood or packaged red blood cells should not be used for resuscitation unless the patient is anemic due to a pre-existing
disease or 32. CAPITULO THREE: Shock &amp; Fluid Resuscitation 39 blood loss from associated trauma at the time of injury. In that case, red blood cells should be given to maintain hematocrit between 30 and 35 percent. G. Serum serum chemistry should be obtained from basal serum chemicals in patients with severe burns and in patients with significant inhalation injuries. Subsequent measurements
are key to the patient's response to treatment. To ensure continuity of patient care and safety during transfer, treatment of hyperkalaemia and other electrolyte abnor-malities should be coordinated with doctors at the reference burn center. VIII. SUMMARY The goal of resuscitation is to maintain tissue infusion and organic function by avoiding complications of inadequate or excessive therapy. Excessive
volumes of resuscitation fluid can exaggerate edema formation, thus committing the local blood supply. Inadequate resuscitation of fluids can lead to shock and organ failure. The formulas used to calculate fluids during the first 24 hours are: • Adults: 2-4 ml Ringer Lactate x Kg body weight x % BSA burn • Children: 3-4 ml Ringer's Lactate x Kg body weight x % BSA burn • Babies &lt; 12 months and young
children: Liquid with 5% dextrose at a maintenance rate in addition to maintenance rate in addition to the maintenance rate in addition to the maintenance rate in addition to the maintenance rate resuscitation mentioned above for children. The infusion rate is regulated so that half the estimated volume will be ministered ad-ministered within the first eight hours after burn, the time when capillary permeability
and intravascular volume loss are greater. The remaining half of the estimated resuscitation volume should be administered within 16 hours the first day after-burning. The rate of liquid infusion should be increased or decreased by one-third, if the urinary outlet falls below or exceeds the desired level by more than one third for two to three hours. The actual volume of infused fluid should be varied from the
calculated volume, as indicated by the physiological control of the patient's response. Monitoring and observation should include: • Measuring hourly urine production • Frequent assessment of the patient's overall condition, including mental state • Baseline determination of hematocrit, hemoglobin, serum chemicals and arterial blood gases. Repeat the studies as shown. 33. 40 BURN ADVANCED LIFE
SUPPORT COURSE: VENDOR IX MANUAL. SELECTED REFERENCES Engrav LH, Colescott PL, Kemalyan N, Heimbach DM, Gibran NS, Solem LD, Dimick AR, Gamelli RL, Lentz CW. A biopsy of using the Baxter formula to revive burns or do we do it the way Charlie did? J Burn Care Rehabil 2000; 21(2):91-95. (Review of the Baxter formula.) Graves TA, Cioffi WG, McManus WF, Mason AD, Pruitt
BA. Resuscitation of fluids from infants and children with massive thermal injuries. J Trauma 28: 1656-1659, 1988. (Provides guidance on resuscitation of children.) Navar PD, Saffle JR, Warden GD. Effect of inhalation injury on fluid resuscitation requirements after thermal injury. Am J Surg 1985;150:716-720. (Review of the resus-citation of those with simultaneous skin burn and inhalation injury.) Warden
GD. Fluid resuscitation and early management. In: Herndon DN, ed. Total Burn Care. Third Ed. London: WB Saunders, 1997:53-60. (Review of burn resuscitation practices.) 34. Burn Wound Management OBJECTIVES Once this topic is completed, the participant may: • Differentiate between partial thickness and full thickness burns • Describe the procedure for chest and limb scarotomy • Discuss the
management of patients with special area burns 4 35. 42 ADVANCED LIFE SUPPORT COURSE: PROVIDER MANUAL I. INTRODUCTION Treatment of other life-threatening and life-threatening injuries always takes precedence over the treatment of burn wound per se. Attention is directed to the burnt wound only after the life support of other organ systems has begun. However, the result of the burned
patient depends on effective treatment and final healing of the burn wound. In addition, the severity of the patient's multiple system response to injury, the likelihood of complications and the end result are all inti-mately linked to the extent of the burn wound and its successful management. II. ANATOMY AND SKIN PHYSIOLOGY A. Structure The skin consists of two layers, the epidermis and the dermis.
The epidermis is the outer layer and thinner; la dermis is the deepest layer and The dermis contains hair follicles, sweat glands, sebaceous glands and sensory fibers for pain, touch, pressure and temperature. Subcutaneous tissue is located under the dermis and is a layer of connective tissue and fat. Fat. Functions Skin provides at least four crucial functions for survival: • Protection against infections and
injuries • Prevention of loss of bodily fluid • Regulation of body temperature • Sensory contact with the environment C. Depth of burn The physiological impact of a burn is proportional to the extent of the body surface area involved. The burn depth determines the necessary wound care, the need for grafting, and functional and cosmetic results. Burns are commonly described as first, second, or third degree
in nature: First-degree burns First degree burns First degree burns are surface burns involving only the epidermis. The skin will be red and hypersensitive. Second-degree burns Second-degree burns involve the epidermis and part of the dermis. The skin will be red, blistering and edematous. Because sensory nerves are partially damaged, the patient may report extreme pain. 36. CAPITULO FOUR: Burn
Wound Management 43 Third-degree burns Thickness burns are full thickness burns that destroy both layers of the skin and have a whitish, charred or translucent appearance. Sensory nerves are destroyed in full-thickness burns. Therefore, every pinprick sensation is lost in the burnt area. Dead skin clotted in third-degree burns forms a scar that is hard and leathery. Although used more commonly in
Europe than in the United States, the phrase fourth degree burn is used by some to describe burns involving underlying fat, fascia, muscle and/or bone. III. PATHOPHYSIOLOGY OF LOCAL THERMAL INJURY A. Cell damage The degree of destruction of the tissue, and therefore the depth of the burn, correlate with the temperature and duration of exposure to the heat source. The physiological impact of
a burn varies with the extent of the burn (total body surface injured with 2nd and 3rd degree burns) and its depth. The central area of the burnt wound, which has the most intimate contact with the heat source, is characterized by cell clotting necrosis. Therefore, it is called the clotting area. Extending peripherally from this central coagulation zone is a labile zone of injured cells with decreased blood flow,
which in ideal circumstances can survive, but most often do not undergo necrosis in the next 24 to 48 hours after the injury. This area has been designated as the ecstasy zone. Lying farther out of the way is the hyperemia zone, which has suffered minimal injuries and will recover over a period of seven to ten days. The implications of these areas are that the care and resuscitation of inappropriate wounds
can lead to Extensive. The probability of survival depends on the optimization of resuscitation. Improper fluid management can extend the ecstasy area and cause conversion into the clotting area. B. Depth of burn Clinically, burn depth is important in terms of necessary wound care, need for grafting, and the final functional and cosmetic result. The con-sists skin of an outer layer — the epidermis — and an
inner layer — the dermis. Deep inside dermis are epidermal appendages, which consist of hair follicles, sweat glands and sebaceous glands. 1. Partial thickness burns A first-degree burn is a superficial injury limited to the epidermis, and is characterized by redness, hypersensitivity and sometimes pain. In a few days, 37. 44 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER'S MANUAL The outer
layer of injured cells is detached from fully healed subjacent skin, without residual scars. First-degree burns are rarely medically significant. Second-degree burns involve the entire epidermis and a variable part of the dermis. The skin may be red and blistered or whiter, but edematous. Survival of the uninjured dermis and associated epidermal appendages is at risk, unless optimal conditions for the
preservation of these elements can be maintained. Such wounds can heal spontaneously, although healing may take two to three weeks or even longer. Healing is minimal if healing occurs within 2-3 weeks. If the wound is open for a longer period of time, the graft is indicated. Skin grafting can improve healing time and long-term functional and cosmetic outcome. 2. Full thickness burns Full thickness (or
third degree) burns involve destruction of the entire thickness of the epidermis and dermis, including epidermal appendages. These lesions produce a whitish or charred appearance on the skin and coagu vessels are often observed. Although the area of a full-thickness burn does not appear edematous, subscar fluid may develop. C. Fluid buildup (Edema Formation) In addition to cell damage, the classic
inflammatory reaction is generated by thermal injury, with early and rapid accumulation of fluid (edema formation) in the burn wound. After burning, the capillaries of the burnt wound become highly permeable. This results in fluid leaks, electrolytes and proteins in the wound area. In patients with large burns, edema formation also occurs in unburned tissues. This plasma loss in burnt and unburned tissues
causes hypovolemia, and is the leading cause of shock in burn patients. At the same time, edema formation can also cause decreased blood flow to the limbs and/or impaired chest movement during breathing. Circumferential burns and very deep lesions can lead to an inadequate excursion in the chest wall and tissue infusion. Although fasciotomy is rarely necessary in thermal injuries, scarotomy is
occasionally necessary in the immediate post-burn period and consultation with the burn center is indicated. IV. INITIAL MANAGEMENT Evaluation and of life-threatening problems in the patient always takes precedence over the management of the burn wound. The priorities of stab-lished treatment for the patient with multiple lesions apply equally to the burned patient. A. Topical wound management
When anticipating early transfer to a burn center (within the first 24 hours after injury), there is no need to debride the burn or topical antimicrobial 38. CAPITULO FOUR: Management of burn wounds 45 agents. Burnt wound should be covered with clean, dried leaves prior to transfer. To minimize heat loss, a thermal insulation blanket should be applied to the emer-gencia department and during transfer.
Because wet dressings cause evaporative heat loss and hypothermia, wet dressings or wet sheets should never be applied to a burnt patient. If for any reason the transfer to the burn center should be delayed, the physi-cians of the burn center should be contacted and provide definitive treatment regarding additional wound care. As a general rule, patients whose transfer is delayed beyond 24 hours should
undergo a debridement next to the bed of large blisters (greater than 2 cm) and cleaning with chlorhexidine gluconate, followed by twice daily application of silver sulfadiazine cream or mafenida acetate cream. If none of these creams are available, consult the receiving burn center to identify an appropriate alternative. Any scarotomy incision should be treated in the same way as the rest of the burnt wound,
with the liberal application of burning creams. B. Scarotomy and fasciotomy Escarotomy and fasciotomy are rarely indicated before the transfer of a burn patient. Some patients, however, may require these procedures to allow normal ventilation and peripheral infusion: • Circumferential burns • Very deep burns • Delayed resuscitations • Cyanosis • Deep tissue pain • Progressive parses • Progressive
decrease or absence of pulse 1. Circumferential trunk burns Breathing adequacy should be continuously monitored throughout the resuscitation period. If there is early breathing difficulty, it may be due to a deep circumferential burn of the chest, making it impossible for the chest to expand properly with each breathing attempt. When this problem is present, scarotomy relief is indicated and can save lives.
Other causes of respiratory distress, such as airway obstruction and/or inhalation injuries, should also be considered. Scarotomy for circumferential burns to the chest wall is performed on the anterior axillary line bilaterally. If there is a significant extent of the burn on the adjacent abdominal wall, the scarotomy incisions should be extended to this area and connected by a transverse incision along the costal
margin. 39. 46 ADVANCED COURSE OF BURN LIFE SUPPORT: PROVIDER'S MANUAL 2. Circumferential limb Burns Edema formation in tissues under the inflexible scar tight of a circumfer-ential burn of a limb can significant vascular engagement in that limb. These sequelae can occur in patients with deep burns (third degree or second degree deep), which are circumferential (or almost). Severe
neurological and vascular deficits may occur if this problem is not recognized or treated. During the initial evaluation of all burnt patients, all rings, watches and other jewelry should be removed from the injured limbs to avoid avoid Elevation and active movement of the injured limb can relieve minimal degrees of circulatory distress. Skin color, sensation, capillary refill and periph-eral pulses should be
evaluated and documented hourly on any limb with a circumferential burn. The use of an ultrasonic flow meter is the most reliable means of assessing arterial blood flow and the need for a scarotomy in burnt patients with circumferential limb burns. At the upper extremity, radial, ulnar and palmar arc pulses should be checked hourly. In the lower extremity, the pulses of posterior tibial and dorsalsis requests
should be checked hourly. Loss — or progressive diminu-tion (decrease) — in Doppler pulses is an indication for the scarotomy. Before proceeding with the scarotomy, it should be checked that the lack of pulse is not due to deep hypotension or arterial lesions if it is compatible with the injury. This situation is analogous to the patient with a tight orthopedic mold. Just as the relief is obtained by dividing the
plaster, a scarotomy is performed to divide the eschar. The scarotomy is performed as a bedside procedure, using a sterile field and scalpel and/or electrocauterization device. Taking the patient to the operating room is not necessary and will cause unacceptable delay. Local anes-thesia is very rarely, because third-degree escarba is innate. How-ever, small doses of intravenous narcotics or ketamine can
be used for analgesia. The incision, which should avoid the main nerves and vessels, and all tendons, should be placed along the medium-medial or half-lateral aspect of the limb and should extend through the scar to the subcutaneous fat to allow proper separation of the cut edges for decompression. The inci-zion should spread along the third degree constriction burn and, in particular, should be carried
through the joints involved. After the scarotomy, evaluate whether it was effective. For example, recheck peripheral pulses with the ultrasonic flow meter. A single incision of scarotomy in a limb may not result in a suitable distal infusion, in which case a second incision of scarotomy should be made in the contralateral aspect of the limb. If there is still no improvement, fasciotomy may be necessary. 3. Hand
and finger escharotomy The loss of the arc pulse palm of the hand, in the presence of full thickness burns through the back of the hand and intact radial and ulnar pulses, is an indication for the scarotomys of the back of the hand. On the contrary, a finger 40. CAPITULO FOUR: Burn wound management 47 squetotomy is rarely necessary. Hand and finger scartomies should only be done after consultation
with the doctor at the Receiver. 4. Extremity compartment syndrome In contrast to decreased flow observed in circumferential burns requiring scarotomy, compartment syndrome has edema inside (below) the deep-inversion fascia of the muscles. Compartment syndrome can occur in or unsaken limbs, and may be the result of massive fluid resuscitation, high-voltage electrical injuries, delayed scarotomy
(ischemia-reperfusion injury), crushing injury, etc. This syndrome is often diagnosed by the mea-safe of compartmental pressures in the appropriate clinical setting, and is treated for fasciotomy performed in the operating room by a surgeon. The vast majority of patients with burns with circumferential limb burns and decreased Doppler arterial flow respond well to the scarotomy and do not require
fasciotomy. V. SPECIFIC ANATOMICAL BURNS Burns from different anatomical areas require unique management. Consultation with a burn center is strongly recommended for patients with burns to the face, feet, eyes, armpit, perineum, hands or main joints. A. Facial burns Facial burns are considered a serious injury and usually require hospital care. The possibility of airway damage should always be
considered. Due to the rich blood supply and loose sand tissue of the face, facial burns are associated with extensive edema formation. To minimize this edema formation, the patient's upper trunk and head should be raised at a 30-degree angle if the pa-tient is not hypotensive. To avoid chemical conjunctivitis, water or saline should be used to clean facial burns. The eyes should be protected while the
face is cleaned. B. Eye burns Careful examination of the eye should be completed as soon as possible because the rapid onset of eyelid swelling will make the eye exam extremely difficult thereafter. Fluorescein should be used to identify corneal lesions. Chemical burns to the eye should be rinsed with abundant amounts of saline indicated (see Chapter 6, Chemical Injuries). Instillation of a mild
ophthalmic solution is indicated during the maximum eyelid oedema period. Ophthalmic antibiotic ointments or drops may be used if cornular injury has been diagnosed, but should be used only after consultation 41. 48 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER MANUAL with burn center. Ophthalmic solutions that contain steroids can be dangerous and should be avoided. Tarsorraphy (a
surgical procedure in which the eyelids are sutured closed) is never indicated in the acute phase. C. Ear burns Ear burns require examination of the outer canal and drum early, before swelling occurs. It is important to determine if external otitis or otitis media is present, especially in children. Patients injured in an explosion (explosion injury) are likely to have sustained perforation of the tympanic membrane.
Avoid additional trauma or in the ear. This is best achieved by avoiding occlusive dressings on the ears and not allowing pillows under the head. D. Hand burns Mild burns to the hands can result in temporary disability and inconvenience; however, a longer thermal injury can cause permanent loss of function. The most important aspect of physical evaluation is the vascular state and possible need for a
scarotomy. Monitoring digital pulses and palms with an ultrasonic flow meter is the most accurate means of evaluating tissue perfu-zion in the hand. It is also important to monitor the motor and, if possible, the sensory function of radial, medium and ulnar nerves at the hand level. The burnt limb should rise above the level of the heart, for example, on pillows, to minimize edema formation. The active
movement of the limb involved for five minutes each hour will further minimize swelling. Dressings will only affect the ability to control circulation and should be avoided. Digital scarostomy is not indicated prior to transfer to the burn center. E. Foot burns As with upper limb burns, it is important to evaluate the circulation and neurological function of the feet every hour. Edema should be minimized by lifting
the limb, and dressings should be avoided, as with burns on the hands. F. Burns to the genitalia and Burns perineum of the penis require immediate insertion of a Foley catheter to maintain urethra path. It is recommended to check with the burn center. Scrotal swelling, though often significant, does not require specific treatment. Perineum burns can be difficult to handle. However, a deviated colostomy is
not indicated. 42. CAPITULO FOUR: Burn wound management 49 VI. OVERVIEW Successful treatment of the patient with thermal burns requires attention to wound management, in order to promote wound healing and closure. Burn wound management never takes precedence over life-threatening injuries or handling fluid resuscitation, but it is an important aspect of care during the acute burn phase.
Specific anatomical burns present special challenges. The patient's functional outcome is often related to the initial management measures for these special areas. Severe burns in these areas can result in significant functional or aesthetic deformities and often require early transfer to a burn center. 43. OBJECTIVES of electrical injuries • Describe the physiopathology that occurs with electrical injuries •
Discuss the specialized evaluation techniques used when caring for a patient with an electrical injury • Outline the principles of management for the patient with electrical injury 5 44. 52 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER'S MANUAL I. INTRODUCTION The electrical injury has been called the large masquerade of burn injuries because small superficial lesions may be associated
with devastating internal injuries. Electri-cal injuries account for approximately 3% of all admissions to the burn center and cause 1,000 deaths per year. These are often work-related injuries and, as such, have a significant economic and public health impact. Electrical injuries are arbitrarily divided into high and low voltage, the first being 1,000 volts or more. Electricity can cause injury from current, arc, arc,
and the ignition of clothing. Understanding these different mechanisms can help predict the severity of the injury and possible sequelae. II. PATHOPHYSIOLOGY A. Tissue injury When the body becomes part of an electrical circuit, the extent of the lesion is deterred by the force of the current and the duration of exposure. This concept is defined by ohm law, where current (I) is directly proportional to
voltage (V) and inversely proportional to resistance (R): I - V/R. Electri-trauma tissue injury results from electrical energy that is converted into thermal energy. This concept is known as the Joule Effect. Heat production (in July) is the current by resistance, multiplied by contact time (J-I2 x R x T). The extent of the lesion depends on the type of current, the flow path, the resis-taance of the local tissue and the
duration of contact. The current flow at a given voltage is also related to the cross-sectional area of the part of the body involved. Tissue resistance is an integral part of the physiopathology of electrical injuries. The skin is the most resistant organ; the greatest resistance is in the epidermis of the skin. (At high stresses, however, differences in tissue resistance appear to be clinically un important.) Once the
resistance is exceeded, the current flows through the underlying tissue. Although several underlying tissues have different resistance to current flow, once the resistance of the skin is exceeded the body acts as a conductor of volume and current flows through the part of the body involved. The bone has a very high resis-tance due to its density. The current will flow along the surface of the bone, and the
heat generated will cause damage to the adjacent muscle. Therefore, deep muscle injury may be present even when the superficial muscles appear normal or uninjured. Findings suggesting electrical conduction injuries include: • Loss of consciousness • Mummified paralysis or limbs • Peripheral pulse loss • Flexor surface burns (antecubital, axillary, inguinal or popliteal) 45. CAPITULO FIVE: Electrical
injury 53 • Myoglobinuria • Serum CK greater than 1,000 IU B. The current is measured in amps (A) and is alternating (AC) or direct (DC). The alternating current is produced by the inversion of the flow of electrons each half cycle. AC has generally replaced direct current for most commercial applications because it is cheaper to transmit. Common direct current injuries are found with lightning and car
batteries. Ac is much more dangerous to the human body, producing tetanus and death from cardiac fibrillation and respiratory muscle paralysis. C. Types of injury, based on mechanism 1. Current With alternating current electricity flows back and forth from the power supply to the patient's anatomical point of contact. There are no entry and exit sites. Direct current (DC) travels in one direction and
therefore a trance and output site can be evident. 2. Arcing This term refers to ionization of air particles between two conductors. The heat generated in the arc can be as high as 4,000oC and can vaporize the metal. This process often causes a patient's clothes to light up, causing flame burns. A form of explosion dissipates excess energy from the arc. This can result in associated blunt trauma. 3. Flash A
flash can be the result of power supply or ignition of clothing or roundings. A flame burn can occur without underlying tissue injury. D. Lightning Strike The risk of being struck by lightning is approximately 1:280,000. Lightning kills 80 to 100 people in the U.S. annually. Lightning injuries are associated with 30% mortality, and up to 70% of survivors suffer serious complications. The beam is direct current with
voltage that can exceed 200,000 volts; the common range, however, is between 10,000 and 50,000 V, with maximum current measured up to 200,000 A, but the average current at approximately 30,000 A. Lightning lesions are generally not associated with deep burns, but more often with superficial lesions on the underlying skin and soft tissue. On the other hand, significant heart and neurological damage
may occur. The presentation of the lightning strike varies widely, even among groups of people hit at the same time. The injury results from a direct blow or a lateral flash, in which the current is discharged from an object near through the air to an adjacent object (victim). Electric shocks (side flashes) of the hit victim or object may travel through the ground or air 46. 54 ADVANCED BURN LIFE SUPPORT
COURSE: SUPPLIER'S MANUAL and killing or injury to people nearby, this is the most common type of injury. Lightning results in immediate deep polarization of the entire miocar-dium and can lead to respiratory asions and parlications. III. GESTION A. Primary Survey 1. Airway: Cervical precautions of the spine are dictated by the injury mechanism 2. Breathing 3. Circulation 4. Disability: Determine gcS
and review students 5. Exposure/Environment: Protect the patient from hypothermia B. Secondary survey 1. Physical foot-to-head exam 2. Remove all clothing and jewelry 3. Identify all points of contact: Carefully check your hands, feet, and scalp (hair may darken wounds) 4. Estimate the extent of surface burning 5. Detailed neurological examination and document changes over time 6. Check for
fractures/dislocations, hidden internal injury, and evidence of com-partment C syndrome. Resuscitation 1. Place two large diameter intravenous catheters 2. Initiate fluid Ringer Lactate therapy. If there are surface burns, the minimum liquid requirements are based on the 2-4 formula percent thermal injury burn. B. This volume of fluid may be inadequate if there are associated lesions (commonly muscle). c.
Ringer lactate is infused at a speed sufficient to maintain a urine outlet of 0.5-1.0 cc/kg/hr if there are hemomochrogenics in the urine. 47. CAPITULO FIVE: Electrical Injuries 55 d. If there is evidence of (myoglobin) urine outlet should be maintained between 75-100cc per hour until urine is severely cleared. E. A Foley catheter is inserted. D. Cardiac monitoring 1. An ECG of 12 leads is obtained. 2.
Continuous heart control is initiated for dysrhythmias or ecopia. 3. Monitoring is not recommended if there is a normal electrocardiogram, and there is no history of unconsciousness, cardiac arrest, or abnormal rate or rhythm. E. Maintaining peripheral circulation 1. Skin color, sensation, capillary recharge and peripheral pulses should be evaluated hourly on any limb with a circumferential skin burn or
electrical contact site. 2. All rings, watches and other jewelry should be removed from injured limbs, other-wise an effect as a tourniquet can cause distal vascular ischemia. 3. Surgical correction of vascular engagement. If there are clinical signs and/or symptoms of vascular engagement, immediate decompression of frost or fascia, or both, or both, is necessary. A. Scarotomy, as described in Chapter 4,
may be sufficient if the vascular check-mise is secondary to a constriction circumferential scar as a result of skin burn. b. Fasciotomy i.) Limbs without circumferential burns but with a contact site may develop subfascial oedema, which can cause tissue ischemia if muscle compartmental pressure increases enough. The muscle compartment involved will be stony difficult to palpation. ii.) Upper limb - The
muscles of the forearm are very susceptible to is-chemical lesions. If fasciotomy is needed to decompress the muscle compartments involved, the ulnar nerve must be protected. Local anesthesia can be used to infiltrate tissue. Using a scalpel or electro-cautery, the skin and subcutaneous tissue are inserted and the underlying fascia opens. Particular attention is paid to the circumferential contact points
corresponding to a wristband or wristband rings. A release of the carpal tunnel may be necessary, but it is performed only after an instuous fasciotomy and consultation with the burn center doctor. iii.) Lower limb - The four compartments of the leg are susceptible to the ischemia of subfascial oedema because the muscle is enclosed between the stiff tibia, fibula and tight intermuscular septum.
Decompressive fasciotomy is done with two incisions. The lateral incision is made starting at the lateral fibular tuberosity and extends parallel and directly over 48. 56 ADVANCED LIFE SUPPORT COURSE: PROVIDER'S MANUAL fibula for approximately 20-25 cm. The incision is carried through the subcutaneous tissue to the underlying fascia, taking care to avoid the peroneal nerve. The intramuscular
septum separating the front and side compartments is identified and separate incisions over each muscle compartment during the length of the previously made incision. The medial incision is then made, starting at the same proximal level and extending slightly later and medially to the medial medial level The incision is carried to the level of the inversion fascia, taking care not to injury the safenous nerve
and vein. Through this incision, the deep and posterior muscle compartments can be decompressed throughout the length of the incision. iv.) Blood loss from an incision of fasciotomy can be considerable. The use of electrical cauteration is an effective means to minimize this blood loss. If fasciotomy is performed early after burn (during the first eight hours after injury) when the patient is hypovolemic and
vasoconstricted peripherally, blood loss may not be large initially. Once hypovolemia is corrected, pre-cut blood vessels may begin to bleed and pressure bandage, suture ligature, or electrocauterization may be needed to control bleeding. F. Special Situations 1. Cardiac arrest to. Ventricular fibrillation, astezol and other life-threatening arrhythmias are treated as described in the Advanced Cardiac Life
Support course. B. Endotracheal intubation may be necessary due to burns involving the head, face, or neck. 2. Muscular Compartment Syndrome a. Elevated pressure inside a fascial compartment secondary to edema can cause a decrease in blood flow to the muscle. When the pressure exceeds the capillary pressure, muscle damage will occur. B. Failure to relieve compartment pressure will result in
muscle necrosis. Decompression may be necessary within several hours of the injury. Symptoms include: severe pain with flexion or extension of muscles inside the compartment, numbness or tingling in a hand or foot, and decreased or absent pulses. 3. Hemromogens in the urine a. The presence of pigment in the urine (pink to dark red) indicates underlying muscle damage. The urine outlet should be
kept between 75 - 100 cc/h until it is very clear. B. 44mEq of baking soda per liter of Ringer Lactate is added until the pH of the urine is &gt; 6.0 49. FIVE CAPITULO: Electrical injury 57 c. Mannitol (0.5 g/kg) IV is given immediately if hemromogens are observed in the urine. This will help initiate a urine outlet. Contact the burn center before administering Mannitol. G. Wound Care 1. The general principles of
burn wound care are described in Chapter 4, Handling Burn Wounds. 2. If there is underlying muscle damage or is suspected, use acetate cream. IV. ELECTRIC BURNS IN THE PEDIATRIC PATIENT Low voltage accidents are more common in children and usually occur at home. Common etiologies include faulty insulation, electrical appliances, frayed electrical cables, and the insertion of metal objects
into wall sockets. This type of injury creates a minimal skin lesion and, therefore, there is no deep muscle damage. Injuries involving oral cornering or other facial areas are commonly seen much worse than they really are and no initial surgical debridement should be performed. Follow-up care should be coordinated with the burn center doctor. V. SUMMARY Electrical injuries are frequently found in the
emergency environment. Immediate start of liquid and a high volume of urine when hemochromegens are evident are important. Peripheral circulation evaluation to determine whether compart-ment syndrome is present should be determined in time. A 12-lead ECG is important for determining whether there are speed or rhythm abnormalities, and if so, follow-up will be required. 50. Chemical burn targets
Once this topic is completed, the participant may: • List three main classes of potentially harmful chemicals and their mechanism of action • Outline the initial management of chemical burns • List factors that contribute to the severity of a chemical burn • Identify and describe treatment for special chemical burns, including hydrofluoric acid, phenol and oil exposure • Describe the initial management of
chemical lesions 51. 60 ADVANCED BURN LIFE SUPPORT COURSE: SUPPLIER MANUAL I. INTRODUCTION There are currently more than 500,000 different chemicals in use in the United States, including more than 30,000 chemicals that have been designated as hazardous by one or more regulatory bodies. Approximately 60,000 people seek professional medical attention annually as a result of
chemical burns. Chemical burn injury counts 2-6% of all burn unit admissions. The extent of a chemical burn is directly related to the interval between the injury and the institution of appropriate medical therapy. Immediate recognition and timely treatment of chemical burns is essential. The initial appearance of a chemical burn can be misleading; therefore, any patient with a serious chemical burn injury
should be referred to a burn center. II. CLASSIFICATION The most common chemicals that cause skin burns fall into three categories: alkalis, acids and organic compounds. Alkalines and acids are used both at home and at work for cleaning and hobbies. Organic compounds, found in petroleum products, can be topically irritating and systemically toxic. A. Alkalis Alkalis include hydroxides, carbonates or
caustic sodas of sodium, potassium ammonium, lithium, barium and calcium. They are commonly found in oven cleaners, drain cleaners, fertilizers and heavy industrial cleaners. They form the struc-tural link in cement and concrete. Wet cement, with a pH of approximately 12, can cause a severe alkaline chemical burn. Alkali damages tissue by liquefaction necrosis and protein denaturation. This allows for
deeper spread of chemical and more severe burns. B. Acids are also common at home and in industry. They can be found in many home products. Hydrochloric acid is the active ingredient in many bathing. Oxalic acid and hydrofluoric acid are common uti-lized products in oxide removers. Concentrated hydrochloric and muritic acid acids are the main acidifiers for domestic pools. Concentrated sulfuric
acid is used in indus test drainage cleaners. Acids damage tissue by necrosis of coagulation and protein precipitation, which to limit the depth of tissue damage. The exception to this is hydrofluoric acid, which will be discussed later. C. Organic compounds Organic compounds, including phenols, creosote and petroleum products, cause chemical contact burns and systemic disorders. Phenols are common
in a variety of chemical disinfectants. Oil, which includes creosote and gasoline, 52. CAPiTULO SIX: Chemical burns 61 are commonly used at home, in industry and in recreation. Organic compounds cause skin damage due to their fat solvent action (cell membrane solvent action). Once absorbed, they can produce toxic effects on the kidneys and liver. III. FACTORS DETERMINING GRAVITY The
severity of a chemical injury is related to: • agent • concentration • volume • duration of contact • agent mechanism of action The concentration of the chemical influences the depth of the injury, and the volume of the chemical affects the extent of the body surface area involved. Immediate irrigation eliminates the concentration and duration of contact, thus reducing the severity of the injury. Delayed
treatment institution allows continuous tissue damage. Immediate removal and dilution of the chemical is vital to minimize tissue lesions. Delayed implementation of resuscitation contributes significantly to a significant disability. IV. TREATMENT Universal precautions should be observed in the treatment of all patients with suspected chemical injury. All staff must wear gloves, gowns and eye protection
before contact with the patient. It is important to remember again that the patient's clothing often contains traces of the harmful agent. Not taking simple precautions can lead to significant injury from the provider. Don't become a victim! The initial treatment of all chemical burns involves removing saturated clothing (including underwear, gloves and shoes); brush the skin if the agent is a powder; and
continuously irrigate the areas involved with abundant amounts of water. No substance has been shown to be superior to water for initial treatment. Irrigation must continue from the pre-hospital scene through emergency assessment in the hospital. Efforts to neutralize the chemical are contraindicated due to the poten-tial generation of heat, which could contribute to further destruction of tissues. In general,
irrigation should be continued until the patient experiences a decrease in pain or burning in the wound or until the patient has been evaluated at a burning center. 53. 62 ADVANCED BURN LIFE SUPPORT COURSE: PROVIDER MANUAL Support ABCs (airway, breathing, circulation): Chemical agents can often affect both the respiratory as the patient's circulatory. It is important to continuously assess the
condition of the patient's airways and promptly address any evi-dence of airway compromise. Intravenous access should be obtained for all chemical lesions signifi-cant. Identifying the agent after the therapy institution can provide information about the supplement supplement considerations, including the possible toxicity of medicines. However, initial treatment should NOT be delayed while attempts are
made to identify the agent in turn. A Poison Control Center can be useful in identifying the active agent in many commercial products. V. BURNS CHEMICALS SPECIFIC A. Chemical lesions on eye mayors are a common cause of chemical eye injuries. They are twice as common as acidic eye injuries and occur mainly in young adults at home, in industrial acci-dents and in assaults. Alkalis are bound to
tissue proteins and require prolonged irrigation to dilute the chemical and stop the progression of the injury. Water irrigation or saline solution is the emergency treatment of choice. Irrigation from the scene to the emergency room is mandatory to minimize tissue damage. In the event of a chemical burn in the eye, call an opthalmologist and continuously irritate the eye. Most patients with a warm alca eye
burn will have swelling and/or eyelid spasm. To water properly for long periods of time, the eyelids should be forced to separate to allow redness of the eye. In the emergency department, irrigation should be carried out by placing catheters in the sulcus medial for irrigation with normal saline or a balanced saline solution. This allows prolonged irrigation without runoff of the solution in the opposite eye.
Alternatively, an irrigation catheter (Morgan) can be installed worldwide. Care should be taken when using this type of irrigation to avoid further injury to the eye. Continue irrigation until the patient has been fully evaluated by a qualified professional. All alkaline eye lesions should be observed by an ophthalmologist, in consultation with the burn center. B. Hydrofluoric hydrochloric acid is used in the industry
to engrave glass, make Teflon, clean semiconductors and for a variety of other uses. It is used in household cleaners as an oxide remover. Although it is a weak acid, ion with fluoride is very toxic. Exposure to a low concentration (less than 10 percent) causes severe pain, which does not appear for 6-18 hours. Higher concentrations cause immediate pain and tissue necrosis. Death can occur from
hypocalcaemia as fluoride quickly joins free calcium in the blood. Blood.
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