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TRAUMA AND ORTHOPAEDICS:

Lectures: Polytrauma (multiple trauma)

Polytrauma, multiple fractures and high-velocity injuries severely exposed the limitations of the conventional treatment in orthopedics, as the fracture patterns were bizarre and complicated. Thus newer modalities of treatment like improved methods of internal fixation, the AO systems, the interlocking nail system, Ilizarov's method, etc. were introduced into orthopedic management. Suddenly, orthopedics was being considered a highly specialized branch with vast scope.

Mechanical injuries classification
Injury Patterns
According to multiplicity injury are divided to:
· Isolated injury
· Multiple injuries
· Concomitant injuries
· Combined injury

In case of isolated injury to the extremities there is only one injury. Simultaneous failure in one place soft tissue, bone, major blood vessels or nerve trunk in the military surgery is considered as one injury and, therefore, an isolated injury.
Multiple injuries are the injuries in which there are two or more injuries within the same anatomical region (the upper and lower extremities comprise one anatomical region - "limb").
Concomitant injuries are the injuries in which there is damage to two or more anatomic regions. The last seven: head, neck, chest, abdomen, pelvis, spine and limbs. In the diagnosis of concomitant trauma damaged areas are listed in order to "from top to down".
Combined injuries occur when the body exposed to two or more damaging factors: mechanical, thermal, chemical or radiation.
Last three types of injuries are also known as “polytrauma” or “multi-trauma”.

High energy trauma
According to traumatic energy following injury are divided to:
Low-energy injury:
· Superficial injury (bruises, contusions, abrasions, sprains etc.);
· Isolated (low energy) injury (fractures, dislocations, wounds, tendon ruptures, ligament ruptures);
High-energy injury (polytrauma or multiple trauma):
-	Multiple injuries
-	Concomitant injuries
-	Combined injury
Superficial injury associated with absence of anatomical disruption and accompanied with local inflammation. This injury doesn`t needs any special care – just prolonged rest, light cooling and administration of non-steroid anti-inflammatory drugs.
Isolated (low energy) injury associated with presence of single organ anatomical disruption and always needs injured organs restoration, or creation condition for this (casts, surgery, fixation and etc.). But this type of injury never accompanied with significant general dangerous pathological reaction.
A high-energy injury associated with multiple injuries (polytrauma) and accompanied with general life threatened pathological reaction (co called mechanical muscle-crush injury — MMCI, or traumatic desease).
Main causes of a high-energy trauma are:
· Car incident;
· Falling from heist;
· Natural disaster;
· Techogenic disaster;
· Gunshot injury;
· Blast injury;
· Criminal trauma;
· Industrial trauma.
The systemic causes of death in MMCI are: hypovolemic shock, hyperkalemia, hypocalcemia, metabolic acidosis, disseminated intravascular coagulation and acute myoglobinuric renal failure. This series of events begins with dehydration and is followed by the dangers of the reperfusion of the limb crushed tissues. In these cases it is difficult to define the border between living and dead muscle. Muscle subjected to weight crushed, bleeding and swelling, appearing of muscle tissue necrosis, and release a large number of metabolites, myoglobin, potassium, creatine, creatinine. Muscle ischemia and hypoxia, acidosis can contribute to potassium ions escape from the cell outward, so that the serum potassium concentration rose rapidly high. Hypovolemic shock appear to peripheral vasoconstriction and hipovolemia, manifested as ischemic kidney, renal blood flow and reduced glomerular filtration (depending mainly on the glomerular efferent artery, renal arteries) can increase the degree of renal ischemia, or necrosis. After the release of necrotic muscle tissue myoglobin appears in a large number of tubular filtration. In acidosis (acidic urine) cases can be deposited in the renal tubules with formation of myoglobin casts, that may increased kidney damage, and finally lead to acute renal failure (ARF).

Rhabdomyolysis
Definition: Traumatic rhabdomyolysis is caused by the destruction of skeletal muscle mass. This may be caused by direct crush of the muscles or ischemia caused by vascular injury or development of compartment syndrome. 
Muscle can survive circulatory ischemia for up to 4 hours. Violent crushing destroys muscle immediately; even if the force is insufficient to mangle the muscle tissue, the combination of mechanical force and ischemia will cause muscle death within an hour.
External mechanical pressure destroys the volume regulation of myocytes, whose cytoplasm is negatively charged and is hyperosmotic compared with the extracellular fluid. By disrupting the impermeability of the sarcolemma, extracellular cations and fluid flow down the electrochemical gradient into sarcoplasm. Overhelming the capacity of the cationic extrusion pumps and leading to swelling of the myocytes. Consequently, MMCI causes such gross edema that it may incarcerate much of the extracellular fluid and cause hypovolemic shock within hours of injury
At the cellular level depletion of the energy source ATP leads to failure of membrane transporters, influx of calcium, and disruption of cellular membranes. As a result, muscle cell proteins and electrolytes leak into the blood stream. Creatine phosphokinase enzyme (CPK) and myoglobin are the most known and measured. Potassium is the main cellular electrolyte of interest due to its potential harm if renal failure develops.
Acute renal failure (ARF) is the most common and life-threatening complication of rhabdomyolysis, with an incidence of 13-50% and a reported mortality of up to 59%. For ARF to develop, two factors have to be present in addition to myoglobinemia: hypovolemia and aciduria. Myoglobin is filtered by the glomerulus into tubular fluid and, in an acidic environment, forms casts together with Tamm-Horsfall proteins that occlude the tubule. If anuria does develop, it may continue for 4-8 weeks before kidney function recovers. However, rhabdomyolysis-induced renal failure is reversible and most patients regain normal renal function even after 4-8 weeks of anuria and dialysis.
Disseminated Intravascular Coagulation (DIC)
By consensus, DIC is defined as "an acquired syndrome" characterized by the intravascular activation of coagulation with loss of localization arising from different causes.
· I Phase
The coagulation cascade is triggered by the exposure of blood to excessive amounts of thrombotic factors (due to either mechanical tissue injury or endothelial and monocyte activation), which leads to thrombin generation. Thrombin converts fibrinogen to fibrin monomers. Additionally, thrombin is a potent agonist for platelet activation and aggregation. The above-mentioned processes produce either large-vessel thrombosis or, more commonly, microvessel fibrin deposition, which can result in tissue ischemia and organ dysfunction (sludge syndrome).
· II Phase
Thrombin accelerates the proteolysis and depletion of coagulation factors, including fibrinogen, and factors II, V, VIII, and X. The depletion of these factors is a function of their relatively short plasma half-lives and the rate of synthesis by the liver. Furthermore, thrombin induces endothelial cells to release t-PA, which converts plasminogen to plasmin in the presence of the newly formed fibrin monomer. This production of plasmin results in fibrinolysis, which may lead to further consumption of coagulation factors, thus worsening bleeding (consumption coagulopathy).
· III Phase
Finally, plasma levels of natural anticoagulants, including protein C and antithrombin III, are depleted during DIC and create a long term hypercoagulation (to 3-4 weeks).

Stage of traumatic disease development.
1. Stage I - Initial (early) stage (shock, I Phase of the disseminated intravascular coagulation (DIC), I phase of acute renal failure (ARF))
2. Stage II – Intermediate stage (rhabdomyolysis, II phase of ARF and DIC)
3. Stage III - Late (advanced) stage (secondary immunodeficiency, septic disorder, III phase of ARF and DIC)
4. Stage IV – Recovery.
Signs and Symptoms
Depending on the nature of injury, local signs will reflect severity of damage to muscle tissue. In direct crush of a limb as well as in blunt or penetrating injury, all components of tissue should be considered: bone, blood vessels, nerves, and muscles.
Bleeding, hematoma, edema, ischemia, pain, paresthesia, and paralysis may all coexist. Severe edema may lead to compartment syndrome that further aggravates muscle damage.
Muscle disruption leads to spillage of potassium, phosphate, urates, creatine phosphokinase enzyme (CPK), and myoglobin into the blood stream.
Severe hyperkalemia may lead to cardiac arrhythmia and even cardiac arrest.
Myoglobinemia may lead to renal tubular obstruction and acute renal failure. Typically, dark red urine is produced followed by oliguria and anuria. Blood creatinine level rises sharply.

Prevention
Once severe muscle injury has occurred it is of paramount importance to prevent secondary injury. Early reperfusion and early recognition and treatment of compartment syndrome may prevent the development rhabdomyolysis. Treatment of hemorrhagic shock and hypovolemia are of crucial priority. Once rhabdomyolysis has developed, prevention of renal failure becomes the focus. Again, normovolemia in addition to forced diuresis and urine alkalinization may prevent the development of acute kidney injury.

Systemic therapy of traumatic disease
1. Correction of hypovolemia/dehydratation - fast and aggressive fluid resuscitation to recover normovolemia
2. Forced diuresis - maintenance of brisk urine flow of 1-2 mL kg·1h·L may reduce cast formation and tubular obstruction.
3. Alkalinization of urine: acidic urine promotes myoglobin cast formation.
4. Correction of electrolyte abnormalities: hyperkalemia, hyperphosphatemia, hypocalcemia, hyperuricemia.
5. Renal replacement therapies: hemodialysis or hemofiltration are necessary to maintain balance in anuric patients. Peritoneal dialysis is simple, for most patients also received good results. Hemoftitration techniques with high flux fillers have also been evaluated for the purpose of removal of myoglobin from the blood.
6. Full nutrition to caloric and protein goals should not be prevented by anuria and are keys to recovery and survival.
Systemic factors play a pivotal role in promoting multiple trauma healing. It has been estimated that 50% of medical and surgical patients have overt or subclinical protein and calorie malnutrition. Multiple injuries result in a large increase in a patient's metabolic demand needed to assist in healing. Patients presenting with or developing malnutrition (a serum albumin less than 3.5mg/ml or a total lymphocyte count less than 1500 cells/ml) following multiple traumatic injuries are at increased risk of infection, delayed union, or nonunion of open fractures. Aggressive nutritional resuscitation is necessary with either oral or feeding tube supplementation or, in extreme cases, parenteral nutrition.

Damage control (multiple trauma treatment) at medical care echelon

In damage control for trauma patients, the main principles are to perform temporary operative procedures to provide time for physiologic stabilization before definitive surgical care. There are four distinct phases of the damage control philosophy: 
1. the first is recognition of the at risk patient,
2. next, temporizing operative procedures to limit ongoing injury (provide a limited surgical intervention in order to control both hemorrhage and contamination - rapid control of bleeding, abdominal packing, provisional stabilization of major skeletal fractures and temporary wound closure),
3. third, intensive care unit (ICU) care for resuscitation,
4. and finally definitive surgical procedures.

This will subsequently allow for clinicians to focus on reversing the physiologic insult prior to completing a definitive repair. Basic to this philosophy is the idea that the surgeon does anything to keep the patient alive and accepts the morbidity of the early procedures and later returns to reconstruct and repair. Damage control surgery is the most technically demanding and challenging surgery a trauma surgeon can perform. There is no margin for error and no place for careless surgery. Always remember to focus team on saving life first, then limb-threatening injuries.
Early involvement of orthopedic surgeon as part of a multi-disciplinary trauma team is essential to triage urgency of surgical interventions to multiple-injured patient.
Damage control orthopaedics (DCO) is a strategy that focuses on managing and stabilasing major orthopaedic injuries in selected polytrauma patients who are in an unstable or extreme physiological state.
Its priorities are:
· control of haemorage,
· provisional stabilization of major skeletal fractures,
· management of soft tissue injuries,
· minimizing the degree of surgical insult to the patient.
Orthopedic treatment should be primarily conservative. Joints are splinted in a functional position, while active and passive movements are encouraged as soon as pain allows.
Provisional external fixation followed by a delay of days to weeks before definitive internal fixation is performed. This form of treatment is generally utilized in one of three scenarios: (1) A critically injured patient, (2) the presence of a wound with a significantly damaged and tenuous soft-tissue envelope, or (3) a severely contaminated open fracture. In each of these cases, the use of temporary external fixation in order to bridge the treatment of the patient from the period of the acute injury to the time of definitive internal fixation (after 2 month).
Internal fixation is contraindicated with the exception of large articular fragments that may be stabilized with Kirschner wire (K-wire) or Steinmann pins.

Rehabilitation during multiple trauma treatment.
Finally, nonunions, posttraumatic deformities, ischemic muscle contractures and paralysis (caused by the destruction of muscle) are corrected by late reconstructive surgery.
Most patients with rhabdomyolysis who survive the complexity of their injury will recover also from its complications.

TESTS: Crush injury
537. Crush syndrome is managed by A. 20% Dextrose B. Hydrocortisone C. Maintaining high urine output D. Acidification of urine.
538. Which of the following is not a component of the crush syndrome. A. Myohemoglobinuria B. Massive crushing of muscles C. Acute tubular necrosis D. Bleeding diathesis.
ANSWERS
537). C 538). D

TESTS: Compartment syndrome
535. All are relevent in compartment syndrome except: A. Fasciotomy B. Splitting of tight POP cast J C. Reexploration D. Exercise.
536. Fasciectomy is indicated when intracompartmental pressure rises above mm rig: A. 10 B. 60 C. 45 D. 100.
ANSWERS
535). D 536). C

