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1. INTRODUCTION AND EPIDEMIOLOGY

Pediatric trauma is a leading cause of morbidity, mortality, and disability for children. More than 9143 children died in the United States due to trauma-related injuries in 2010.  For each childhood death associated with injury, more than 1000 children received medical attention for nonfatal injuries. According to the American College of Surgeons National Databank 2013 Pediatric Report, 152,884 patients younger than 19 years of age were admitted to 803 facilities across the United States and Canada with 2834 fatalities. Trauma is the leading cause of death in children over age 1 and exceeds all other causes of death combined. 

Unintentional injury death rates are high in some subgroups including newborns and infants less than 1 year of age and teenagers age 15 to 18 years old.4 Gun-related injuries in this population lead to 8.87 hospitalizations per 100,000 persons <20 years of age in 2009, with 6.1% dying in the hospital (35.1% fatality from suicide). In 2010, gun-related injuries accounted for 6570 deaths of children and young people (1 to 24 years of age). 

2.Aims:

1. To teach students the main notions of polytrauma.

2. To teach to recognize the main clinical manifestations of traumatic shock periods.

3. To differentiate traumatic injury depending on the traumatic shock degree.

4. To interpret additional methods of examination( ultrasound diagnostics, roentgenology. Blood pressure, laparocentesis, laparoscopy).

5. To examine the abdomen, thorax and musculo-skeletal system: examination, palpation, percussion.

6. To offer an algorithm of doctor’s actions at polytrauma in a patient..

7. To discuss general principles of operative treatment of patients with polytrauma.

8. To teach the sequence of operative intervention at polytrauma.

3. Basic knowledge and skills necessary for the topic (intradisciplinary integration):

	Subjects
	Skills

	1. Anatomy
	To describe peculiarities of possible variants of
localization of organs of the abdominal cavity, skeletal
system and blood circulation depending on the child’s

age.

	2. Pharmacology
	To define dosage of antishock blood-substituting,
spasmolytic and analgetic medicationsdepending on the child’s age, the peculiarities of treatment of children with polytrauma.

	3. Physiology
	To determine peculiarities of respiratory and digestive
system in children of different age.

	4. Physiopathology
	To determine key moments of etiology and pathogenesis at traumatic injuries of the skeletal system, thoracic and abdominal cavity in children of different age.

	5. Propaedeutics of peadiatric
diseases
	To examine the digestive, respiratory and skeletal
systems in children.

	6. Operative surgery
	To show schematically topography of the thorax,
abdominal cavity and retroperitoneal space.

	7. General surgery
	To discuss clinical and laboratory examinations, main
symptoms at traumas of the abdominal and thoracic
cavities.

	8. Roentgenology and ultrasound diagnostics


	To make roentgenological examination, estimate the
results, define main roentgenological symptoms.  To
appraise the data of ultrasound diagnostics, computed tomogram depending on character pathology.


4.1. The list of key terms and characteristics a student must know :

Theoretical questions.

1. Define the notion “polytrauma”, what are the main theories of shock pathogenesis?

2. Name the classification of traumatic shock according to its degrees.

3. The main clinical manifestations of traumatic shock and traumas of the abdominal and . thoracic cavities.

4. What are the main principles of urgent therapy for patients with polytrauma?

5. Modern approaches to treating polytrauma, indications for operative intervention.

6. The peculiarities of clinical picture and diagnostics of thoracic injuries.

7. Algorithm of doctor’s actions at traumas of the thoracic cavity.

8. Determination of anatomical structures that are injured at polytrauma.

9. The
symptoms of injury of parenchymatous and hollow organs of the abdominal cavity.

10. Tactics of the surgeon at abdominal traumas.

Practical
tasks.

1. To collect complaints, fill in trauma case report and differentiate the injury of the abdominal cavity.

2. To demonstrate palpation of the anterior abdominal wall.

3. To interpret the data of additional and laboratory diagnostics.

4. To distinguish and group the clinical signs characterizing blow to organs, haemorrhage or rupture of the hollow organ.

5. To demonstrate pleural puncture and point the areas of puncture.

6. To define general principles of treatment: conservative and operative at polytrauma.

7. To administer the principles of treatment of closed abdominal wound.

8. To use the additional methods of diagnosis and define the indications for operative treatment.

9. While working with the patient with traumatic injury of the abdominal or thoracic cavity to determine clinical signs, patient’s condition, shock presence and establish tentative diagnosis.

10. To make a plan of examination and interpret the additional methods of examination (roentgenological, ultrasound, computed scanning, etc.), laboratory and biochemical analyses, haemodynamic data (Hb, Ht, blood circulating volume, central venous pressure, AP, Ps).

11. To administer urgent treatment at thoracic or abdominal injuries in children, determine the blood group and Rh-factor, measure the arterial pressure, perform pleural puncture.

	Term
	Definition

	1. Joined trauma
	Injuries of internal organs in two or more cavities or injury of internal organs and musculo-skeletal apparatus.

	2. Combined trauma
	Injuries caused by different agents: mechanic, thermal, radiation.

	3. Multiple trauma
	Injury of one or more internal organs in one cavity

	4. Oliguria
	Decrease of urine volume

	5. Pneumohaemothorax
	Blood and air in the pleural cavity.

	6. Mediastenal emphysema
	Air in the anterior or posterior mediastinum resulting from thoracic trauma with simultaneous injury of the trachea or bronchi.


4. Tasks for individual self-preparation for the lesson.

Topic contents.

Polytrauma in Children

Introduction

Trauma is still the most common cause of mortality in children, even in countries with the most advanced medical services. Severe head injury carries a high morbidity and mortality, whether isolated or in association with other trauma. However, a fatal outcome is usually the consequence of combinations of injuries. We define “real” polytrauma as two or more system injuries, involved at the same time endangering life as a result of one single or a combination of several injuries. Multiple trauma is always more than the sum of the single injuries; it should be considered as a systemic disease. Orthopaedic injuries account for a high proportion of the damage incurred by the polytraumatized child but are rarely life-threatening in their own right .
Scoring Systems
Numerous methods have been developed to classify trauma in adults as well as in children. Anatomical scores, physiological scores, and combined classifications have been promoted. Some authors have concluded that trauma scores especially conceived for use in children fail to show any superiority compared to general trauma scores. Scores seem to be more helpful in the retrospective evaluation of treatment, allowing comparison on a comprehensible basis. They have no crucial influence upon the initial management of patients, although early classification and potential triage on the base of a validated score is still a matter for debate.

The most widely used and accepted scoring systems for children are the modified injury severity score (MISS) and the paediatric trauma score (PTS). The MISS captures five anatomical body areas with five severity rates (minor to critical), including the Glasgow Coma Scale (GCS) as part of neurological examination (Table 1). The score is the sum of the squares of the three most severely injured body areas. More than 25 points indicates an increased risk of permanent disability, and more than 40 points predicts a lethal outcome.

The PTS includes six anatomical or physiological components and assigns these severity grades: −1 (major injury), +1 (minor injury), or +2 (minimal or no injury) (Table 2). With more than eight points, no deaths have occurred, with less than zero points the mortality rate was 100%. A linear relationship exists between the PTS and the MISS, but the former can be obtained more easily either at the scene of the accident or in the emergency room and is therefore of use for triage purposes [5].

Epidemiology
It is difficult to obtain reliable data on the incidence of poly-trauma in childhood because definitions are vague and the data refer to restricted urban or rural areas. Prospective and obligatory nationwide paediatric trauma registries unfortunately do not exist.

Data from the United States show that 15,000 children (14 years or younger) die each year from accidental injuries, 19 million need some form of medical care, and 100,000 are permanently crippled. The bimodal age distribution has one peak in the first year of life and another during adolescence. The incidence increases with the child’s interaction in the outside world (traffic and other accidents) as life moves from the home to out of doors.
In Central Europe, children represent 10-20% of all polytrauma victims. The incidence is estimated to be 360 per 100,000 children. The mortality rate is about 12%. In the German trauma registry, including 17,000 polytrauma cases with an ISS of >16, approximately 6.1% (n = 1,032) are children or adolescents under 17 years of age. Every year 33,000 patients suffer from an injury with an injury severity score (ISS) greater than 16; about 2,000 of them are children or adolescents. Males account for 66%, and the incidence mounts with age.

Every polytraumatized child should be taken as a warning to reduce accident risks at home, to lobby for the prevention of road traffic accident injuries (e.g., including the use of bicycle helmets), and to ensure that the care of the critically injured child is a clinical priority.

        Table 1  ModiFIed injury severity score (MISS)
	Body area
	1 Minor
	2 Moderate
	3 Severe
	4 Life-threatening
	5 Critical

	Neural
	GCS 13-14

Abrasion

Contusion
	GCS 9-12

Undisplaced facial #
	GCS 9-12

Loss of eye

Optic nerve avulsion
	GCS 5-8

Bone/soft tissue

injury with minor

destruction
	GCS <5

Injuries with airway

obstruction

	Face and neck
	Vitreous or

conjunctival

hemorrhage

Fractured teeth
	Laceration of eye

Retinal detachment
	Displaced facial #

Blow-out #
	-
	-

	Chest
	Muscle ache

Chest wall stiffness
	Simple rib #

Sternal #
	Multiple rib #

Hemo-/ pneumothorax

Diaphragmatic

rupture

Pulmonary

contusion
	Open chest wounds

Pneumomediastinum

Myocardial

contusion
	Tracheal, aortic,

myocardial

laceration

Hemomediastinum

	Abdomen
	Muscle ache

Seat belt abrasion
	Major abdominal wall contusion
	Organ contusion

Retroperitoneal

hematoma

Extraperitoneal

bladder rupture

Thoracic or lumbar spine #
	Organ laceration

Intraparietal bladder

rupture

Spine # with

paraplegia
	Rupture or severe laceration of organs or vessels

	Limbs, pelvic
girdle
	Minor sprains
Simple #
	Non-displaced # long

bones or pelvis
	Displaced long bone #

Multiple hand/foot #

Displaced pelvic #

Major nerve/vessel

laceration
	Multiple closed long

bone #
Amputations
	Multiple open long

bone #


      # = fracture
         Table  2.
Paediatric Trauma Score (PTS) 
	
	+ 2
	+ 1
	−1

	Size
	>20 kg
	10-20 kg
	<10 kg

	Airway
	Normal
	Maintainable
	Unmaintainable

	CNS
	Normal
	Obtunded
	Comatose

	Systolic blood

pressure
	>90 mmHg
	90-50 mmHg
	<50 mmHg

	Open wounds
	None
	Minor
	Major, penetrating

	Skeletal
	None
	Closed #
	Open or multiple #


Injuries

Child abuse is the most important cause of polytrauma in the first year of life. In younger children (1-4 years old) falls from a height at home or in the playground are the principal concern. With increasing age road traffic is the main danger. Motor vehicle collisions with pedestrians and bicyclists are common, yet children are also affected as car passengers if safe seating is not provided or its use enforced.

Principal Patterns of Injuries

Younger children suffer different injury patterns compared to adults. Head injuries and lower limb trauma are more common than thoracic, abdominal, and pelvic injuries (Fig. 1). The upper extremity is less often affected. Facial injuries may implicate the cervical spine. First rib and multiple rib fractures are markers for severe trauma and should promote a further search for undetected injuries. Thoracic or lumbar spine trauma suggests additional abdominal injuries. A dis-placed pelvic fracture warns of other trauma, especially to the abdominal and pelvic cavities.

Falls from a height result in head injuries and a variety of fractures. A typical pattern in a child pedestrian hit by a car comprises head trauma, femoral shaft fracture, and lung contusion. In car passengers 3- or 4-point restraint systems (but not the pelvic restraint belt alone) prevent the characteristic lap-belt injuries: flexion-distraction trauma to the lumbar vertebral column (Chance fracture), disruption of small bowel, and post-traumatic pancreatitis.

Generally complications occur in a third of cases, mainly pneumonia and other infections. Mortality is highest with head, thoracic, and abdominal injuries, and the child with an injured cervical spine is at particular risk. Although head and abdominal injuries are often more severe than in adults thoracic trauma carries less hazard than in the adult.

Specific Physiological and Anatomical

Characteristics

Children differ in many physiological and anatomical aspects from adults. The body proportions are quite different, depending on and changing with age. The head occupies a much larger percentage of the body surface and mass com-pared to adults. The inability of young children to communicate poses an unique challenge in the setting of multisystem trauma.

Airway and Cervical Spine

Recognition and management of airway obstruction and protection of the cervical spine are paramount. The larynx is in a more superior and anterior position, the tongue is larger. The cartilages and soft tissues are softer and more easily com-pressed. Combined with overall smaller airways especially in the subglottic region, these factors can easily lead to air-way obstruction in the setting of an altered conscious state due to head/facial/neck trauma, hypoxia, and hypoperfusion. Post-traumatic mucosal swelling or foreign body obstruction needs additional attention.

A child’s neck is short and supports the large head. Due to the flexible spinal column and soft attachments, spinal cord damage and neurological impairment are not necessarily associated with radiological abnormalities. Physiological C2/C3 pseudo-subluxation has to be differentiated radiologically from traumatic spinal injuries.

Breathing

Hypoventilation is the most common cause of cardiac arrest in children. Compared to adults, the chest wall is more compliant and compressible and the overlying skin and muscles are thin and provide little protection. The elasticity of the cartilaginous ribs allows efficient transmission of a traumatic impact onto the intrathoracic organs. Therefore lung contusions, hemothorax, or diaphragmatic rupture with catastrophic ventilatory and hemodynamic consequences can occur without the rib fractures or clinically obvious external signs of chest trauma. The short, fat neck makes assessment of neck veins and the position of the trachea difficult.

Circulation

Circulatory failure in the setting of multitrauma is mostly due to hypovolemia and blood loss. Other causes are obstruction of venous return (tension pneumothorax and pericardial tamponade) or sympathetic failure (spinal cord injury). In young children in particular the total blood volume is smaller, the stroke volume is fixed, and therefore cardiac output is determined by the heart rate. Tachycardia is usually present but may also be due to pain and anxiety. The age-dependent range for vital signs has to be taken into consideration. Knowledge about age-specific values is important (the nor-mal heart rate for a preschooler is 100-130 beats/min), relative bradycardia for age is a sign of impending cardiac arrest. Other signs of hypoperfusion are decreased central capillary refill, weak pulse pressure, and a decreased level of consciousness due to cerebral hypoperfusion. Blood loss is compensated satisfactorily in the early stages of hemorrhage by vasoconstriction, but decompensation may occur rapidly (talk and die). A decrease in blood pressure is a late sign and resuscitation aims at its prevention.

Abdominal organs are more likely to be injured, as ribs and muscles provide much less protection. Similar to chest injuries, significant internal organ trauma can occur in the absence of obvious external signs. The thoracic spine is seldom affected but lumbar spine (Chance) fractures may occur as part of the lap-belt injury. Chance fractures are usually associated with intra-abdominal injuries. The elasticity of the pelvis prevents severe, unstable disruptions of the ring with severe bleeding.

Disability

The main differences when assessing neurological function relates to preverbal age group. The Paediatric Glasgow Coma Scale has incorporated age-related modifications. Small and seriously ill or injured children are prone to hypoglycemia, which may contribute to the altered conscious state. Sympathetic and adrenal mechanisms as well as relative insulin resistance may cause hyperglycemia, which has been shown to contribute to worse outcomes in the setting of severe head injury.

Exposure/Endocrine

The higher ratio of surface area to volume makes the child vulnerable to hypothermia. Thermal energy loss can occur very quickly and complicate the management of any critically ill or injured paediatric patient.

Furthermore, polytrauma is a systemic disease with a systemic response. Children respond differently to metabolic and physiological stress than adults. The systemic response is reinforced by hypotension, hypovolemia, hypothermia, hypoxemia, pain, and tissue damage and includes a neuroendocrine response (catecholamines, adrenocorticotropic hormones, endorphins, and other local mediators), endotheliopathy, compromised hemostasis, and further dysfunction of temperature regulation. This may be followed by the release of more mediators, which in turn induce multiple organ failure. But immunological competence and reactive synthesis of cytokines is limited in children. This is the explanation for the low number of systemic inflammatory response syndromes (SIRS) and multiple organ failures (MOF) [8, 10, 11].

Fracture Patterns

Fracture patterns of the limbs in children change with age. In polytrauma minor and incomplete fractures such as green-stick fractures are less frequent because of the higher traumatic energy, but open fractures are more common than usual. The complexity of the soft tissue damage is not a predictor of fracture severity as it is in adults.

Initial Assessment and Management

A structured approach to the seriously injured child enables the timely recognition and management of life-threatening injuries. The initial assessment includes:
1. Primary survey (commences pre-hospital)

2. Resuscitation (commences pre-hospital)

3. Adjuncts to primary survey (in-hospital)

4. Secondary survey

5. Emergency treatment and ongoing monitoring

6. Definitive care

First Aid, Transport, and Hospital Facilities

The importance of treatment in the pre-hospital phase is well documented since most deaths occur shortly after trauma. As in adults, the most common causes of immediate death are hypoxia, massive hemorrhage, and overwhelming central nervous system (CNS) injury. Scene time should be as short as possible, but during these critical initial minutes, a systematical primary survey is vital in identifying life-threatening injuries. The first priority in pre-hospital care is the provision of adequate oxygenation. Multiple attempts at gaining intravenous access should be avoided. Alternative routes such as intraosseous access if available in the pre-hospital environment can be time and life saving.

It is debated whether one should “stay and play” (substitution of volume and intubation) or “load and go” (scoop and run). The decision is influenced by the individual situation.

The child should be managed according to the internationally established principles such as those taught by PALS (Pediatric Advanced Life Support) or APLS (Advanced Pediatric Life Support) courses. Polytraumatized children need a sophisticated and integrated trauma management system specifically focused upon the child. Rapid transport to a dedicated paediatric trauma facility as soon as safely possible is recommended. This means that paediatric intensive care unit (PICU) facilities are required and that experienced paediatric, orthopaedic, and general surgeons are available to assist the emergency team. Paediatric trauma centers have lowered the mortality and morbidity rates, although high costs and geographical restrictions have limited the number of such centers [1, 14, 15]. If this is not possible, then temporary stabilization in a smaller hospital and secondary transfer to a trauma center may be necessary. Communication from the scene or en route enables the receiving facility to mobilize an adequate trauma team, theater, equipment, and blood products as required.

A—Airway

Signs and symptoms of a life-threatening airway or chest injury may be subtle initially, but children can deteriorate rapidly. Supplemental oxygen of around 12 l/min should be supplied. The pharynx is cleared and the neck stabilized in-line with a collar, sandbags, or a tape in neutral position.

Indications for endotracheal intubation are:
1. inability of the child to protect its airway to prevent aspiration

2. inability to ventilate the child with a self-infating bag-mask system

3. altered conscious state or cerebral irritability to protect the airway and prevent further cervical spine injury

4. need for controlled ventilation in the context of severe head injury

5. ventilatory failure due to severe chest wall and lung injury, e.g., fail chest with paradoxical breathing, pain, exhaustion, and hypoxemia

If intubation is indicated, proper preparation is mandatory. Pre-oxygenation with 100% oxygen, airway opening and clearance (jaw thrust, gentle suction, and airway adjuncts such as an oropharyngeal airway if necessary), as well as preparation of the age/size appropriate instruments and pre-calculated drugs (rapid sequence induction). Manual in-line stabilization of the cervical spine still provides protection from excessive neck movement.

B—Breathing

After airway maintenance and patency has been secured, acutely life-threatening chest injuries need to be identified and addressed. Asymmetrical chest movement may be difficult to identify in children, as they have small tidal volumes. Signs of increased work of breathing such as accessory muscle use, chest wall retractions, and increasing respiratory rate have to be taken very seriously.

Unilaterally decreased/absent breath sounds, hyperresonant percussion, and tracheal deviation to the opposite side indicate an expanding and tensioning pneumothorax, which has to be decompressed immediately via needle thoracocentesis followed by a large caliber intercostal drain. When aeromedical transfer is undertaken, a Heimlich valve instead of an underwater seal drain is required if tube thoracostomy has been performed.

Unilaterally decreased breath sounds with dull percussion in the context of acute ventilatory and respiratory failure are indicative of a massive hemothorax. The treatment con-sists of intercostal drainage and fluid resuscitation (including blood transfusion). Thoracotomy may be required.

Flail chest causes paradoxical breathing and is usually accompanied by severe underlying lung contusions. Ventilatory support is generally required.

Pericardial tamponade is rare in blunt trauma. Beck’s triad of muffed heart sounds, distended neck veins, and poor perfusion may be difficult to detect in a noisy environment and in the presence of hypovolemia. Immediate pericardiocentesis is followed by emergency thoracotomy. An open pneumothorax (sucking chest wound) is fortunately not a common occurrence. Emergency treatment consists of a bandage taped on three sides followed by a chest drain.

C—Circulation and Hemorrhage Control

Circulatory efficiency depends on the integrity of the “3 Ps”[16]:

· pump (myocardium):

· Threat: hypoxia and ischemia from hypovolemia

· pipes (integrity of the vascular system)

· Threat: disruption, organ hypoperfusion due to vaso-constriction

· prime (circulating volume)

· Threat: hypovolemia due to blood loss or obstruction of venous return (tension pneumothorax and pericardial tamponade)

Indicators of poor perfusion are tachypnea, tachycardia, prolonged capillary refill time, pallor, anxiety, and restlessness. Hypotension occurs late and the child may be obtunded from a combination of intracranial injury as well as cerebral hypoperfusion.

Severe external blood loss is managed by direct manual pressure. Traction splints can also assist in hemorrhage control. Tourniquets should be restricted to exceptional circumstances such as traumatic amputations and are a last resort. Occult blood loss may occur into the thoracic and abdominal cavities, along fractured bones, and into the retroperitoneal space.

Recognizing hemorrhagic shock is essential to ensure good outcomes. Children have an amazing physiological reserve and demonstrate few obvious signs of hypovolemia even when severe volume depletion has occurred. Tachycardia is usually the earliest noticeable response. As mentioned before, knowledge of normal vital signs appropriate for the age of the child is important.

Venous access has to be established before the circulation deteriorates. The insertion of two large bore cannulae is recommended. However, gaining peripheral intravenous access in a child can be difficult, particularly in the presence of shock. After 90 s or 3 failed attempts intraosseous access in a non-fractured extremity should be established. The anterior tibial marrow can usually be cannulated quickly and complications during short-term use are rare. Crystalloids are appropriate for volume substitution (20 ml/kg body weight). If perfusion remains poor after this initial fluid bolus, another bolus of 20 ml/kg is given. If there is still no improvement, O negative blood or group-specfic blood, if available (10 ml/kg), must be transfused immediately. Ongoing and repeated assessment of the indicators of adequate perfusion is critical and surgical consultation should be sought early. Although fluid administration should be judicious in the head-injured child, cerebral hypoperfusion due to hypovolemia must be avoided. Once circulatory stability has been achieved, weight-based calculation of maintenance fluids, which should contain glucose, can be ensured whilst monitoring ongoing losses. If the child is moved with an intraosseous needle in place, the flow has to be stopped temporarily before the needle is checked again by aspiration. An unnoticed displacement of the needle tip may cause a compartment syndrome and more importantly prevent further fluid resuscitation, at least temporarily.

D—Disability

CNS injury is the leading cause of death and a presenting GCS of 8 carries a high mortality. However, a rapid assessment of neurological function is performed at the end of the primary survey, because hypoxia, hypoventilation, and hypotension need to be proactively treated to prevent secondary brain damage. Evaluation can include a GCS with age-related modifications, a very quick “AVPU” score (Alert, response to Voice, response to Pain, Unconscious) and a pupillary assessment. A more detailed neurology examination comprises part of the secondary survey.

E—Exposure

Exposure to ambient temperatures and wet weather often render trauma victims hypothermic in the pre-hospital phase.

The patients should be undressed for a full examination and wet garments should be removed immediately as they add to thermal losses. The treating team however has to be aware of the potential heat loss and embarrassment of the child. Warming blankets and devices and (particularly in small children) a heat lamp may be used. If the trauma team receives timely warning about an emergency admission the overall resuscitation room temperature can be raised to pre-vent further heat loss from the child. Hypothermia, acidosis, and coagulopathy due to hypovolemia comprise the so-called lethal triad [10].

Management of the Multi-injured Child

Adjuncts to the Primary Survey

Full cardiorespiratory monitoring should be established as soon as possible. Radiographic evaluation of the cervical spine, chest, and pelvis is an integral part of the initial assessment of seriously injured children. The interpretation of cervical spine views can be challenging. Depending upon the mechanism of trauma and clinical findings further imaging such as computed tomography (CT) scans may be required. If available a rapid total body projection for the severely injured and unstable child is recommended (Fig. 2) [17]. Focused abdominal sonography in trauma (FAST) is gaining more acceptance as a bedside assessment tool in paediatric trauma victims as well. It is mainly useful in the unstable trauma patient where it can reveal free abdominal fluid or pericardial tamponade. In small children ultrasound scans can even identify intracranial injuries.

Bedside glucose (DEFG = Don’t Ever Forget Glucose), hemoglobin, and venous blood gas analysis as well as cross/match testing should be obtained as soon as possible.

Aerophagia and manual bag-mask ventilation can cause significant gastric distention. This impedes lung expansion, decreases the functional residual capacity, and increases the aspiration risk. Decompression with a nasogastric (in the absence of facial or head trauma) or orogastric catheter can facilitate ventilation. After pelvic fractures and/or urethral injuries have been excluded, a bladder catheter can be inserted. This assists in monitoring the adequacy of fluid resuscitative measures.

Secondary Survey
The secondary survey is a detailed evaluation from head to toe and does not begin until the primary survey is completed and resuscitative measures have been established. If at any stage during the secondary survey there is clinical deterioration, it is important to reassess ABCDE. Neurological deterioration may have led to airway compromise or a simple pneumothorax may have become a tension pneumothorax; these conditions have to be addressed immediately.

It is very important to document all findings as each system is in a state of flux. Most trauma centers have tem-plates that aid in the assessment and documentation of the examination findings.

The secondary survey of paediatric emergency medicine resource includes SAMPLE history:
S - Signs and symptoms 
A - Allergies

M - Medications and if immunizations are up to date 
P - Last medical conditions

L - Last meal

E - Events before the injuries occurred.

Physical Examination

Head including orifices: Loose teeth and oral bleeding pose an inhalational hazard and can cause airway compromise. As yet unrecognized lacerations, facial injuries including epistaxis and surgical emphysema or ocular damage are important findings. Signs and symptoms of basilar skull fractures, such as hemotympanum, Battle sign, or cerebrospinal fluid otorrhea/rhinorrhea may be detected. Gentle palpation of the head and cranial vault may reveal a boggy scalp hematoma or an underlying skull fracture.

Neck and cervical spine: Without compromising cervical immobilization gentle examination of the neck is important. Midline tenderness and step-offs may indicate underlying bony injury. Increasing swelling, stridor, and surgical emphysema suggest injury to the upper gastrointestinal tract.

Chest: Frequent re-examination of the thorax has to be undertaken so that early signs of deterioration and ventilatory compromise can be detected and reversed. Palpation of the entire bony chest wall as well as looking and listening for symmetry of chest expansion and air entry are mandatory. It has to be remembered that children may sustain major intrathoracic injury with minimal external signs due to the elasticity of the chest wall.

Abdomen: Ecchymosis of the abdominal wall and signs of peritoneal irritation suggest intra-abdominal injuries. External signs may be subtle, and evidence of intra-abdominal blood loss may be masked by the significant ability of children to compensate. Repeated examination (preferably by the same experienced person) and careful review of ventilatory effort must be ensured.

Pelvis: External palpation will establish tenderness and instability. Perineal bruising or wounds and urethral bleeding are important indicators of major pelvic trauma.

Limbs: The limbs should be examined for deformity, bleeding, and neurovascular dysfunction. Fractured limbs should be temporarily splinted. Frequent re-examination with particular attention to the neurovascular status and skin appearance is important. A high index of suspicion for impending compartment syndrome should mean that this limb-threatening condition is identified early. The effects of extensive soft tissue contusion or lacerations should not be underestimated (Fig. 3).

Log roll/examination of the back: Rolling the patient en bloc with the help of several members of the team prevents dangerous movements of the spine. The examiner should look for bruising and open wounds and palpate the spine for abnormal steps, crepitation, and surgical emphysema. In the severely injured child, particularly with lower abdominal/back or pelvic injuries, a rectal examination may be necessary to assess the sphincter tone and the integrity of the rectal wall.

Neurologic examination: During the secondary survey a detailed neurological examination includes motor and sensory examination and refexes as well as examination of the cranial nerves, orientation, and conscious state. Lumbosacral plexus and sciatic, femoral, or obturator nerve damage may coexist in cases of suspected pelvic fractures.

Adjuncts to the Secondary Survey

The urgency and order of investigations depend on the findings of the primary and secondary surveys. Basic blood tests, plain radiology, and FAST scans can usually be per-formed whilst resuscitation is being undertaken. Diagnostic peritoneal lavage has been largely abandoned. If emergency surgery is required, some imaging may need to be deferred. Transporting an unstable child out of the resuscitation room into the CT scanner is fraught with danger. This has to be weighed against the need for a definitive diagnosis and anatomical knowledge of injuries present. A team approach involving the surgeon, emergency physician, intensivist, and anesthetist helps to categorize risks and priorities.

Monitoring, Re-evaluation and Analgesia

The severely injured child has to be frequently re-assessed and continuously monitored. Urine output as an indicator of adequate perfusion should be measured by the hourly urine output (provided it is safe to insert a bladder catheter) and 1 ml/kg/h of urine is desirable. Even minor deterioration in vital signs such as relative tachycardia or increase in respiratory rate is significant, as they precede decompensation if not addressed early. Pain relief plays an important part in the management of trauma. Sufficient analgesia and sedation are very important to the child under physical and psychological duress. Intravenous doses of opiates (such as morphine 0.05-0.1 mg/kg using a closely monitored pain protocol) offer effective analgesia without over-sedation and respiratory depression.

Radionuclide scans are useful to identify fractures of different age in cases of non-accidental injury but do not play a role in the emergency setting in a severely injured child. Magnetic resonance (MR) scanning has yet to find a place in the initial evaluation but is of value in later assessment.

Definitive Care

Effective treatment recognizes the control of “threat to life” factors first, followed by the “limitation of disability”. So-called damage-control surgery comprises four steps:

1. Control of any significant hemorrhage by compression, ligation, or packs; thorough removal of any contamination; closure of debrided, open wounds; and limb immobilization. These interventions should be completed within 3 h. If emergency operations are necessary, mortality increases in proportion to the time needed for this surgical intervention.

2. Stabilization of the patient in the PICU, including rewarming, correction of coagulopathy, reversal of acidosis, and the monitoring of abdominal and pelvic organ function.

3. Primary phase of definitive surgery within 72 h (for the pelvis, spine, femur, and severe soft tissue injuries)

4. Secondary and tertiary phases of surgery some 10 days after the trauma.

Principles of Treatment

Head Injury

Head injuries are the most common cause of death or long-term disability in children after polytrauma. The severity of head injury correlates with mortality and residual deficits in those who survive, although children often make remarkable recoveries from apparently severe cerebral damage.

A 30◦ elevation of the head or of the bed, fluid restriction, and slight hyperventilation are the cornerstones of head injury management. Hydration of the patient for volume deficiency or shock has to be achieved carefully in severe brain injury as mentioned previously, yet uncorrected hypovolemia and hypoxemia may also induce secondary brain damage. Diffuse brain edema complicates 30% of cases and if clinical and/or CT signs of head injury or severe edema develop in the unconscious patient intraparenchymatous or intraventricular cerebral pressure monitoring is essential to exclude or confirm significant pressure elevation. The monitoring, fluid management, and ventilation procedures of the severely head-injured child are beyond the scope of this chapter but represent a vital prevention of further brain injury. Early extensive bitemporal craniotomy may be helpful in individual cases if uncontrollable, high cerebral pressure persists. An additional MRI investigation is ensured later to detect brainstem or long-tract injuries if the clinical course is worse than anticipated from the initial CT appearances.

Approximately 10% of children develop post-traumatic seizures after head injuries and prophylactic medication will then be required.

The orthopaedic surgeon may be peripheral to many of these therapeutic interventions but still offers an important service in the judicious fixation of fractures, thus minimizing pain and its secondary effects upon intracranial pressure.

Spinal Cord Injuries

In multiple traumas a spinal cord injury should be presumed until ruled out. Statistically, 2% of patients have spinal injuries with some element of spinal shock. Cervical spinal cord trauma may occur in typical whiplash injuries and thoracolumbar trauma in lap-belt injuries. A careful examination pays attention to the vertebral column, the surrounding muscle groups, the prevertebral cervical soft tissue, and the peripheral neuromuscular and autonomic function, thus differentiating complete from incomplete lesions. If spinal shock is diagnosed the use of steroids seems to be effective in improving neurologic recovery. Chapter 52 deals with these details. In up to 66% of patients with spinal trauma SCIWORA lesions (spinal cord injury without obvious radiological abnormality) are found with stretching or distraction of the spinal cord in conjunction with the increased elasticity, hypermobility, ligamentous laxity, and immature vascular supply of the spine seen especially in the younger child. Clinical symptoms can develop after a 4-day delay, MR scanning offering an accurate means of assessing the extent of the trauma.
Thoracic Injury

The incidence of thoracic injuries is high in polytrauma. Mortality rises to 39% if thoracic trauma is combined with brain and abdominal injury. Although head injury is the main contributor to mortality, morbidity in survivors is influenced by cerebral hypoxia caused by pulmonary deficit.

A first rib fracture or multiple rib fractures are poor prognostic signs because they are indicative of severe trauma. But even without rib fractures, significant intrathoracic injuries may be present. Direct airway injury is rare but is lethal in up to one third of cases. Aortic or diaphragmatic rupture occurs in high-velocity injuries and may be diagnosed from the chest radiograph or the CT scan (Fig. 4).
Pulmonary contusion is the most common form of thoracic trauma in paediatric polytrauma and tends to be under-estimated on the chest radiograph. If suspected, CT imaging is important because the clinical course of this condition typically deteriorates after a delay, interim extubation and spontaneous breathing worsening matters (Fig. 5).

The lung and the kidney are the most significant target organs of secondary damage. Endothelial injury, impaired vascular response, pulmonary vasoconstriction, capillary leak, and interstitial edema are common. In the lung the result is an increase in alveolar capillary permeability, surfactant inactivation, and increased dead space ventilation secondary to intrapulmonary shunts. Respiratory support comprises a limited use of oxygen to prevent toxicity and an adequate positive airway pressure to reduce ventilation/perfusion imbalance.

Orthopaedic Injuries

Skeletal injuries occur in approximately three quarters of polytraumatized children. An emergency intervention is unnecessary except for certain open fractures, vascular dam-age or a compartment syndrome, and an unstable pelvic or spine fracture. All other cases can be temporarily stabilized, with later elective and definitive management, preferably within 72 h as this improves recovery and rehabilitation. If possible primary definitive fracture care should be achieved at the time of intervention.

The pulmonary benefits of fracture stabilization are not as certain as they are in adults, but longer immobilization undoubtedly increases general complications and an abdominal examination is difficult if a spica cast has been applied. Preliminary fixation with an external fixator during emergency room resuscitation represents a valuable advance in specific cases.

Initially a neurovascular examination is necessary to exclude the necessity of any urgent intervention. In the unconscious child, Doppler studies and possibly compartmental monitoring are appropriate. If vascular repair is necessary, fracture stabilization is essential concurrently or beforehand. In open fractures sterile dressings are applied and tetanus prophylaxis given if the status is unknown.

Femur Fractures

In closed shaft fractures elastic stable intramedullary nailing (ESIN) and external fixator (EF) are the preferred techniques (Figs. 6 and 7). Both methods are adequate and effective if the surgeon is familiar with the systems. If there is sufficient contact between the main fragments a biomechanically correct insertion of intramedullary elastic nails guarantees correct axis of the limb with enough stability for movement and intensive care and with rapid callus formation. Formation of callus is abundant, particularly in those with head injury. If fractures of the lower limb are at risk of shortening because of a long spiral fracture or a butterfly fragment, end caps can be screwed over the nail ends in the cortical bone and enhance axial stability. When there is bone loss and likely shortening, or a juxta-articular fracture, external monolateral or ring fixators are indicated. In most instances these do not require to be changed before bone union, although occasionally a fixator may be changed to internal fixation later during the recovery period.

Epiphyseal/Metaphyseal Fractures

Metaphyseal fractures are not a major problem but may occasionally merit fixation to aid in nursing care. Epiphyseal fractures are seldom seen with polytrauma. Humeral condylar or ankle fractures are the most common and can be treated with K-wires or screws. In cases of severe, periarticular injury minimal osteosynthesis can be combined with a transarticular, external fixator. Late physeal arrest may be seen following polytrauma.

Open Fractures

Open fractures in children differ from adult’s fractures because the degree of soft tissue damage does not predict the complexity of the fracture. Compound fractures can be treated even after a delay of 6-8 h, following the standard principles of copious normal saline irrigation and debridement. Intramedullary fixation with ESIN is effective in first-or second-degree open fractures, reserving external fixation for grade three open fractures, especially degloving injuries of the foot and ankle. Antibiotics are given for 2-3 days or longer depending upon the clinical situation. Wounds are drained and left open if necessary, and in extensive soft tissue loss a temporary coverage is beneficial. Intraoperative cultures correlate poorly with ultimate wound infection and are optional. Soft tissue viability improves with time and facilitates the decision for or against local or free muscle flaps. If an amputation is inevitable, every effort should be made to preserve length and physeal function.

Pelvic Fractures

In pelvic fractures the greater plasticity of bones and the fexibility and elasticity of the sacroiliac joints and symphysis pubis explain why so much more force is required to produce a fracture than in the adult. These fractures are an indicator of very high-energy injuries and warn about the presence of associated injuries. Retro-and intraperitoneal bleeding from the cancellous bone and disrupted vessels or urogenital trauma are indicated by the presence of a hematoma beneath the inguinal ligament or within the scrotum or by a palpable rectal bony prominence or hematoma. Since pelvic fractures are often stable, they can be managed non-operatively and allow early function. Surgical stabilization is required in horizontal or vertical, unstable pelvic disruption, for rotatory instability or for large, displaced fragments (Fig. 8). External fixation reduces bleeding, facilitates transport, and can often be used as the definitive management. Acetabular fractures with displaced fragments and loss of hip joint stability need surgical intervention. Only half of pelvic fractures seen on CT were identified on plain films.

In 9-24% of pelvic fractures genitourinary injury occurs, especially in anterior pubic disruptions. Males are more often affected and urethral disruption is found in the majority of cases (Fig. 9). It should be remembered that there is a much bigger symphyseal distance in small children (10-12 mm) compared with adolescents (6 mm) or adults (2- 4 mm). Late diagnosis is common if initial symptoms are not obvious. Care should be taken when inserting a bladder catheter.

Fractures of the Spine

As previously mentioned, the spine is more mobile than in adults and this allows force to be dissipated over a greater number of segments. Hence CT or MR scans show bony contusion and edema over a number of vertebral bodies. Only 1% of paediatric fractures occur in the spine and compression fractures of the thoracic and lumbar segments are more often seen than distraction injuries. Limited spinal fusion is the treatment of choice for the unstable lesion [30].

It is well known that a significant number of skeletal injuries are not identified during the first examination. Therefore repeated and thorough clinical examination is necessary 2-3 days later, augmented by coned radiographs to detect additional skeletal injuries.

A special indication for stabilization is the development of post-traumatic convulsions. Early limb spasticity following severe head injury also makes long bone fracture fixation advisable. In polytrauma, unconventional or atypical surgical interventions may help in the child’s recovery, so the surgeon needs to be adaptable.

ABDOMINAL TRAUMA

The abdomen is the third most commonly injured anatomic region in children; trauma is the leading cause of morbidity and mortality in the pediatric population after the head and the extremities. The abdomen is the most common site of initially unrecognized fatal injury in traumatized children. More than 80% of traumatic abdominal injuries in children result from blunt mechanisms, but the incidence of penetrating trauma injuries is increasing. Although most blunt trauma injuries result from traffic injuries, falls (frequently off fruit-bearing trees) Firearms, bicycles, sports, and injuries inflicted as a result of child abuse.
Anatomical factors that make children vulnerable for abdominal trauma. In children abdomen is square and becomes more rectangular as the child matures. The relatively thin abdominal wall and lower rib cage in children means that the liver, kidney, and pancreas lie in close proximity to the anterior abdominal wall and are prone to injury even if the cause of trauma is trivial. Besides, The solid organs are comparatively larger in the child than in the adult; therefore, more surface area is exposed, making the organ more at risk for injury ,the liver and kidneys, which are normally protected by the rib cage in adults, lie relatively lower in the abdomen of the child, making them vulnerable to injury. The liver also occupies a proportionately larger percentage of the child’s abdomen, further exposing it to increased risk of injury.

Abdominal trauma is frequently associated with other extra abdominal injuries, which should not be overlooked. A distended stomach and full bladder may interfere with the evaluation of the injured child, and may need to be promptly emptied; Special attention should be directed at handle bar injuries (which cause focused liver, pancreatic, duodenal, and jejunal injuries); lap-belt injuries (which produce a triad of abdominal abrasion, intestinal perforation, and intestinal laceration), and child abuse (in which the face and head may be involved). Bowel injuries can Cause significant morbidity due to a delay in diagnosis.

Clinical Evaluation

The child with blunt abdominal trauma is thoroughly evaluated. Initial Clinical Evaluation, resuscitation, and stabilization plays important role, an additional history is obtained, paying particular attention to vomiting, haematemesis, or rectal bleeding, which may indicate rectal or proximal intestinal injury.

Tab.1 Algorithm for management of blunt abdominal trauma

A history of loss of consciousness should be sought, as this may indicate head injury. The presence of pallor, abdominal distention, and pain on physical examination may be a pointer to intra abdominal bleeding. The pulse rate should be carefully monitored, as it is a more sensitive indicator than blood pressure of hemodynamic status in children. Careful examination of the abdomen is performed, with particular attention to abrasions, bruises, distention, and tenderness. Note that peritoneal signs are particularly difficult to discern in a child with lower rib fractures, contusion or abrasions of the abdominal wall, pelvic fractures, and distended bladder. Abdominal examination may be unreliable in patients with head injury or depressed sensorium, so repeated examination or other diagnostic tests are often necessary in such patients. Decompression of the stomach with a nasogastric tube and the passage of a urethral catheter (except if there is blood at the external meatus or a floating prostrate) may be helpful when examining children with blunt abdominal trauma. Rectal examination should be done to look for perianal soilage with blood, tenderness, floating prostate, or a palpable rent in the rectum. The examining finger should be inspected for blood stain. The chest, central nervous system and musculoskeletal system should be examined to exclude injury in these systems.

Investigations

Investigations of a child with abdominal trauma would include the techniques discussed in the following subsections which help to evaluate

Laboratory tests 

Focused abdominal sonography for trauma (FAST)

Plain Abdominal Radiograph

Computed Tomography 

Diagnostic Peritoneal Lavage

Exploratory Laparoscopy and Laparotomy

Laboratory testing is a routine component of the trauma evaluation. The baseline tests performed are typically determined according to the suspected severity of injury and individual institutional guidelines. a Complete blood count (CBC) and urinalysis are the only initial tests routinely performed in most children with suspected intra-abdominal injuries.

The CBC provides a baseline blood count. Overall, CBCs performed should be performed only as often as is necessary for adequate assessment of the patient’s clinical condition; the usual frequency is every 12 hours for the first 36 hours and daily thereafter. Urinalysis has proven useful in screening for injury to the urinary tract. Detection of blood should prompt further evaluation because even microscopic hematuria can be associated with significant renal trauma.

Liver function test (LFT) and pancreatic enzyme tests have variable sensitivity and specificity for abdominal organ injuries and should not be relied on as screening tools. However, trends in findings from LFTs or pancreatic enzyme tests may be useful for monitoring the course of a liver or pancreatic injury. In all cases in which significant abdominal injury is suspected or present, a blood specimen for typing and cross-matching should be obtained.

Focused abdominal sonography for trauma (FAST) is directed at identifying intra peritoneal or pericardial fluid, which may result due to solid organ injuries (spleen, liver, kidneys, and heart). When available, it could be used as a screening tool in the immediate assessment of blunt abdominal trauma. The FAST examination evaluates four areas:

1. Right upper quadrant including the hepatorenal fossa;

2. left upper quadrant including the perisplenic region;

3. Right and left paracolic gutters and the pelvis; and

4. intercostal or subdiaphragmatic view of the heart.

Note that the FAST examination does not always identify injured solid organs, and its sensitivity depends on the skills of the operator. 

Plain Abdominal Radiograph An erect plain abdominal radiograph should include the chest and pelvis. The findings should be correlated with clinical findings to avoid unnecessary laparotomy. Findings may include free peritoneal air (Pic. 3) in intestinal rupture, medially displaced gastric or colonic gas shadow in splenic rupture, or generalized ground-glass 

appearance of massive intra peritoneal or retroperitoneal hemorrhage. Rib and pelvic fractures may be seen. 

Computed Tomography (CT) The contrast-enhanced (intravenous (IV) or enteral) CTscan is probably the most useful imaging modality to identify and characterize solid and hollow visceral injury.  It provides clear and accurate imaging of the intra abdominal organs, including intestinal perforation and injuries to retroperitoneal structures. The CT scan may show a contrast blush a well-circumscribed area of contrast extravasations that is hyper dense with respect to the surrounding parenchyma (pic 4). The contrast blush is a specific marker of active bleeding associated with a higher rate of operative intervention in children Not withstanding whether a contrast blush is present, however, the decision to operate should be made on the basis of clinical response to resuscitation; clinically stable patients with a contrast blush can be successfully treated non-operatively
Although a CT scan is widely accepted and gives accurate results with few false-positive and false-negative interpretations. 

Diagnostic Peritoneal Lavage (DPL), the aim of it is to detect bleeding or leakage of intestinal contents or pancreatic juice into the free peritoneal cavity. This investigation is used for the evaluation of a traumatized child who is unstable. It may require urgent laparotomy for deteriorating neurologic status or when the source of blood loss or clinical findings is in doubt. DPL may be very helpful in resource-poor settings, where advanced imaging modalities are not available, to select patients who need operative intervention. DPL is performed by placing a catheter under direct vision into the peritoneal cavity. 

In infants with no previous surgery, a plastic-sheathed needle is passed obliquely into the lower quadrant. In older children without previous surgery, the catheter may be passed by using the Seldinger technique. A positive result is obtained when blood, intestinal contents (bile-stained fluid), or free peritoneal air is encountered. If free fluid is obtained, 15 ml/kg body weight of Ringer’s lactate or normal saline is introduced into the abdominal cavity and the effluent is analyzed for red blood cells (RBC) (> 50,000/ml), white blood cells (WBC) (>500/ml), and the presence of intestinal contents and amylase. In children, the presence of blood alone at DPL is not necessarily an indication for operation because it could be due to solid organ injuries that can be managed non-operatively.

Exploratory Laparoscopy and Laparotomy 1: Free air in the peritoneal cavity due to intestinal perforation from blunt trauma When available, laparoscopy can be valuable in the diagnostic evaluation of patients who are haemo-dynamically stable but there is a strong suspicion of intra abdominal organ injury. Laparotomy may be needed for definitive diagnosis and treatment.
Tab 2 Frequency of Organ Injury
	Frequency of Organ Injury
	Blunt
	Penetrating

	Liver
	15%
	22%

	Spleen
	27%
	9%

	Pancreas
	2%
	6%

	Kidney
	27%
	9%

	Stomach
	1%
	10%

	Duodenum
	3%
	4%

	Small bowel
	6%
	18%

	Colon
	2%
	16%

	Other
	17%
	6%


It is indicated in the patient who responds poorly to adequate resuscitation efforts consisting of greater than 40 ml/kg of crystalloids or one-half the child’s blood volume within the first 24 hours after injury. Blood should be grouped, cross-matched, and stored for a transfusion, when necessary.
Fluid Resuscitation Volume replacement in the injured child both hemodynamically stable and unstable children an algorithm has been made by the American College of Surgeons as part of the Advanced Trauma Life Support (ATLS) course and provides a good point of reference for the management of children with abdominal injuries (see the image below).
Treatment

Liver and Spleen 

The liver and spleen are the solid organs most frequently injured in blunt trauma. Conservative management most injuries stop bleeding spontaneously and can be managed without operation, but the child must be haemo-dynamically stable.  Conservative management entails admission into the intensive care unit, where available. The child is placed on strict bed rest, and then carefully and repeatedly monitored. Vital signs are recorded every half hour until stability where a follow-up CT or abdominal ultrasound (US) scan done before is achieved. The abdomen is examined every 4 hours for increasing discharge from hospital helps the surgeon decide whether further distention and tenderness. Increasing distention may indicate intraperitoneal haemorrhage or gaseous distention, and further evaluation should The non-operative management approach is not without hazards, be done immediately to ascertain whether operative intervention is such as missed hollow viscus injuries and rebleeding. If the following necessary. Supportive laboratory investigations are done regularly. Any situations after blunt trauma, non-operative management may not be anemia or fluids and electrolyte derangements are treated promptly. Possible and operative treatment then becomes necessary: 

1. haemodynamic instability; 

2. transfusion requirement is greater than half of estimated blood If non-operative management is successful, the activity of the child, such as sports or heavy work at school or home, must be limited for about 4 weeks. In Western countries, follow-up imaging is often not volume (estimated blood volume is 70–80 ml/kg body weight); 

3. Presence of associated injuries requiring surgery; needed because patients have easy access to trauma centers in the event of rebleeding. 

4. unsure of the nature and extent of intra-abdominal injury; 

5. Evidence of hollow viscera injury; 

6. Lack of appropriate imaging facilities for adequate evaluation and monitoring of intra-abdominal injury (e.g., CT scan, US). 

Fluid in hepato renal region, Operative treatment entails full laparotomy using a midline incision, which may be extended. If US or CT is available, we recommend the algorithm for the management of solid organ injury illustrated in Pic 6.

Operative Management Liver 

Once the peritoneal cavity is entered, large packs are placed around the Injury to other solid organs liver posterior, inferiorly, and superiorly to control initial haemorrhage. The packs are removed one by one to assess the extent of injury. If packing is unable to control haemorrhage, the Pringle maneuver (occlusion of the porta between the thumb and forefinger or using a vascular clamp) is done. Some lacerations may need to be extended to enable proper assessment of the extent of injury. The following interventions could be done, depending on the degree of injury to the liver: • simple repair; • exploration of expanding haematomas; • resectional debridement where there is much devitalized liver • rarely, lobectomy if hepatic damage is extensive. 

Spleen The guiding principle in the operative management of splenic injury is to avoid splenectomy as much as possible to prevent the complication of overwhelming postsplenectomy infection (OPSI). The spleen can be preserved by the following procedures: (1) splenorrhaphy, in which simple repair of lacerations is done, or (2) segmental resection if a segment of the spleen is devitalised or the spleen is wrapped up with the omentum. Haemostatic agents such as haemacele could be used to stop bleeding from the spleen. 

. 
Splenectomy may be necessary in the following situations:

• Multiple abdominal injuries; haemodynamic instability• uncontrollable bleeding; or lack of experience on the part of the surgeon 

If splenectomy is performed, place the child on long-term prophylactic antimalarials using proguanil or pyrimethamine. Give vaccination against pneumococcal infection (Pnuemovac, if available). 

Pic. 11 Cystogramma of the patient m., 11 years with intraperitoneal rupture of the bladder

Educate parents on the susceptibility of the child to infections, and the need to report any infections early. Treat any infection promptly.

Trauma of other abdominal organs like urinary bladder and kidneys is also common in children Injuries to other solid organs should be handled on their own merit

Hollow viscera injury

Hollow viscera injuries are less common than solid organ injuries. - Most commonly injured hollow viscera are those of the gastrointestinal tract, and only these are discussed here. The various types of gastrointestinal injuries include: • contusion; • serosal lacerations; perforation; and transverse mesenteric tear.

These features may be obvious at initial assessment/ a high index of suspicion and repeated examination are essential for the diagnosis DPL, plain abdominal radiographs, and a CT scan may need to be repeated after 24 hours to reach a diagnosis. 

Indicators of gastrointestinal injury are listed below: • fever; haematemesis or drainage of blood-stained effluent from nasogastrictube •. Increasing pulse rate; • increasing abdominal distention and tenderness; • loss of bowel function; • presence of intestinal contents at DPL; and • free intraperitoneal air on erect plain abdominal x-ray or CT scan. 

When diagnosis is made, operative treatment is necessary. Operative options include repair of laceration and closure of perforation vaginal bleeding; and resection with primary anastomosis for extensive laceration, multiple perforations, and intestinal gangrene from transverse mesenteric tear. Injuries to the left colon may be repaired primarily with or without the creation of a proximal colostomy, or the injured colon may be exteriorized as a colostomy and mucous fistula.

Penetrating Abdominal Trauma 

Penetrating Abdominal Trauma is less common than blunt trauma and accounts for approximately 14% of abdominal trauma in children. It is frequently due to a fall onto sharp objects, a cow gore, gunshot wound, and, rarely, a stab injury Treatment depends on the penetration of the peritoneum. After adequate resuscitation and stabilization, the wound is explored under general anesthesia to identify peritoneal breach. If the peritoneum is breached, a formal laparotomy is required, through a separate incision, to identify and treat organ injuries If a peritoneal breach is not detected (or a breach is only suspected), DPL is done and a laparotomy is performed if it is positive. Where available, a triple-contrast CT scan (oral, IV, plus bladder contrast) should be done. If the CT scan is negative, the patient is observed for 24–48 hours; if it is positive, a laparotomy should be done. In stab injuries to the flank or back, a CT scan is done. If a CT scan is not available, a laparotomy is done to exclude injuries to retroperitoneal organs. DPL is usually not useful. If there is obvious organ evisceration, the organ is covered with clean moist gauze and polythene to decrease desiccation, loss of fluid and hypothermia. Whenever laparotomy is performed, it must be thorough to avoid missing any injuries. Injuries to solid organs or the gastrointestinal tract are treated as in blunt trauma.

Tetanus prophylaxis should be given if the child is unimmunized or if the immunization status is unknown.

Anorectal Injuries

Anorectal injuries are not common in children, but they may be associated with significant morbidity if not identified and treated properly.

The Most anorectal injuries are due to penetrating trauma, and the penetrating objects often are potentially contaminated and capable of introducing infections, particularly tetanus.

Presentation There may be a history of falling onto a sharp object or falling astride an object. Motor vehicle crashes may also produce anorectal injury. The common symptoms include: • rectal bleeding;Vaginal bleeding; vaginal discharge; and • abdominal pain and tenderness. Fever, if present, is an indication of intraperitoneal involvement or late presentation. Careful abdominal examination should be done to exclude intraperitoneal involvement. Examination of the perineum and anorectum after trauma is usually limited due to pain and tenderness. As such, adequate evaluation should be done under general anaesthetic. and good lighting.

Evaluation

Under general anaesthetic, careful and meticulous examination of the perineum, anorectum, and vagina should be done. The aim of this evaluation is to ascertain the nature and extent of injury. The examination begins with inspection of the vagina, with particular attention to the. posterior vaginal wall, which is frequently injured in girls. Any laceration in the perineum is noted, and the depth is ascertained. The anorectum is then examined; this may require proctosigmoidoscopy. Once the evaluation is complete, the injury should be graded 

Treatment 

The treatment of anorectal injuries is summarised in Figure. The wound should be carefully explored. All dead or devitalised tissue should be completely excised. The wound should be repaired if accessible. Adequate drainage of the wound (perirectal) may be necessary. Laparotomy is required if intraperitoneal rectal injury is present. A protective (proximal) colostomy may be necessary in some situations. Tetanus prophylaxis and broad-spectrum antibiotics should be given. Sphincteric function should be evaluated after wound healing is complete. 

GRADE I • Full thickness injury to anal canal or rectal mucosa 

GRADE II • Full thickness injury below internal sphincter ± internal sphincter involvement

GRADE III • Full thickness injury above internal sphincter• No peritoneal involvement 

GRADE IV Full thickness injury above internal sphincter •+ peritoneal involvement • No injury to other intraperitoneal organs

GRADE V • Full thickness injury above internal sphincter • + peritoneal involvement+ injury to other intraperitoneal organs 

Shock

The notion -‘polytrauma” means more than the sum of all injuries. It requires treatment not only of the injuries, but the pathophysiological responsive reaction of the body, including the emotional one in a child and family. 95% of victims with polytrauma have fractures, 60% of cases have polytrauma stipulated for polyfactors, 25% of victims have fractures in combination with craniocerebral trauma, 9% of the patients have injures of the abdominal organs. The traumas of separate systems and organs can be isolated (monotrauma) and polytraumas. The isolated trauma is a trauma of a single organ (cranial trauma, hepatic rupture, cystic rupture, etc.) 

The term “polytrauma” is a collective one, it includes such kinds of injuries as multiple, joined and combined. The multiple traumas are injuries of two or more internal organs in one cavity (injury of the liver and intestines). The joined traumas are injuries of internal organs in two or more cavities or injuries of internal organs and musculo-skeletal apparatus (chest compression, fracture of the femur, injury of the spleen, contusions of the thorax, craniocerebral trauma and traumas of pelvic bones). The combined traumas are injuries that are caused by various causative agents: mechanic, thermal, radiation (fracture of the humerus, shoulder bums, closed craniocerebral trauma and radiation exposure). A polytrauma is always manifested by

hypovolaemic shock. At polytrauma there develops the syndrome of mutual “burdening”. The severity of the patient’s condition exceeds the mathematical sum of some injuries (G.Tsibuliak). At joined trauma the main injury influences and makes indistinct the other clinical manifestations. For example, at cranio-cerebral  trauma and injury of the abdominal organs the abdominal catastrophe may develop in a latent way. Polytrauma is characterized by high frequency of complications, it is always accompanied with polytraumatic disease. Nowadays the concept of the traumatic disease is clearly defined. Like the other diseases, traumatic disease has such characteristics as the cause, morphological substrate, main pathogenetic mechanisms,

dynamics, degree of severity, clinical forms and manifestations. 

The basis of pathogenesis of the traumatic disease is made up by combination of reactions of injury and defensive reactions. The first group is represented with hypovolaemic shock, blood loss, disordered functioning of injured organs, catabolism, tissue necrosis; the second group is blood flow redistribution, increased erythropoiesis, extravasal fluid in the bloodstream, anabolism, tissue regeneration. In general the traumatic disease is always characterized by gross onset, absent latent period, hypoxia of the circular-anaemic type, systemic postaggressive reaction.

There are three periods distinguished in the development of traumatic disease: 1- shock, 2-unfolded clinical picture, 3- post-treatment period.

The 1 st period - hypovolaemic shock.

There are a few theories of explanation of shock pathogenesis: the toxic, theory of blood loss and plasma loss, hypocapnia and others. The best explained is the neuroreflex theory. Shock here is explained as a kind of neurodystrophic process. Intense afferent pulsation reaches the nervous system and causes there first short-lasting manifestations of diffuse impairment –erectile phase of shock. Soon there develops inhibition that gradually becomes diffuse. Then we may observe the torpid phase of shock, characterized by inhibition of all vital functions. There is acute vascular insufficiency, respiratory insufficiency, metabolic disorders, disorders of endocrine glands. All this negatively influences functioning of central nervous system and aggravates the traumatic shock. The haemodynamic disorders at traumatic shock are decreased arterial and venous pressure, loss of blood circulating mass, reflex spasm of small vessels. The disordered circulation and external respiration cause disordered gas exchange. There develops circulatory and respiratory hypoxia which affects all organs and tissues, particularly the central nervous system, susceptible to hypoxia. Also of great importance is impairment of enzyme systems of “tikhoretskiy” breathing.

The prognosis at shock largely depends not only on severity of the trauma, but the degree and term of duration of hypoxia. The last factor may be indirectly determined by the degree and duration of arterial hypotension. According to the time of development we determine primary and secondary shock. Primary shock develops just after the trauma( in 1-2 hours). Such shock directly results from the trauma. Secondary shock develops in 4-24 hours after the trauma and even after this time period, quite often as a result of additional injuries of the victim. Postoperative shock is a common type of secondary shock. Under additional traumatizing there may occur recurrent shock, usually in 24-36hours. Quite often shock develops after taking the tourniquet off the limb. 

Symptoms of shock. A victim is conscious in erectile phase. There are disordered motor function, speech disturbances and expressed reaction onto the pain. The face and visible mucosa are hyperemic (sometimes pale), rapid breathing, the pulse is often not rapid (sometimes even slow), with satisfactory filling and tension. Arterial pressure isn’t low or it may be slightly increased. Erectile phase is short  (usually it lasts just for a few minutes) and torpid phase quickly changes it, that is why erectile phase is rarely determined. The torpid phase is characterized by general stupor of the patient, who, as a rule, is conscious. Consciousness at shock speaks for relatively satisfactory blood supply of the brain on the background of severe haemodynamic disorders. Psychological depression, indifferent attitude to the environment or abrupt decrease of pain reaction are prominent symptoms here. The child has pale face with pointed features. Body temperature is low, the skin is cold and in severe cases it is covered with cold sticky sweat. Breathing is rapid, superficial. Pulse is rapid, with weak filling and tension. The intradermal veins shrink. The patient feels thirst, sometimes vomiting appears, what is prognostically bad sign. Sometimes there is oliguria. The expression of the symptoms depends on localization and character of trauma. So, shock at thoracic injuries with open pneumothorax is characterized by expressed signs of oxygen insufficiency. At combined radiation injuries we may expect prolonged erectile phase, in such cases shock develops more severely. Depending on severity of the patient’s condition there are 4 degrees of torpid phase of shock. 

Shock of the first degree (mild). General condition of the patient is satisfactory. Slightly expressed stupor, pulse is 90-100 beats per minute, with satisfactory filling. Maximum pressure is 95-100 mm or higher. Body temperature is normal or slightly decreased. The prognosis is favorable. Antishock therapy, even the simple one, has quick results. If urgent measures weren’t undertaken, especially at additional traumatizing, shock of the first degree may change into more severe form.

Shock of the second degree (moderate severity). Definitely expressed stupor of the victim. Skin pallor, decreased body temperature. Maximum pressure 90-75mm. Pulse is 110-130 beats per minute, with weak filling and tension, uneven. Breathing is rapid, superficial. The prognosis is serious. It is possible to save life only at urgent beginning of continuous (from several hours to a day or even more) complex antishock therapy. 

Shock of the 3rd degree (severe). General condition is severe. Abruptly expressed stupor.  Body temperature is decreased. Maximum arterial pressure is lower than 65 mm (lower than the critical level). Pulse is 120-160 beats per minute, with very weak filling, thready, uncounted. The prognosis is very serious. At late treatment there develop some irreversible forms of shock at which even the most intensive therapy will be ineffective. Irreversible shock is diagnosed in cases when at absence of haemorrhage continuous administration of all complex of antishock measures (during 5-6 hours) hasn’t increased pressure above critical level.

Shock of the fourth degree( preagonal condition). General condition of the patient is extremely severe. The pressure isn’t determined. Pulse on the carotid artery isn’t detected, we may observe weak pulsation of large vessels (the carotid, femoral arteries). Breathing is superficial.

Principles of treating shock.

The most important are early anesthesia of the patient, his transport immobilization and transporting. The patients under traumatic shock are treated using complex of measures. The aim of treatment is to eliminate disordered vital functions of the body, caused by shock. The most important elements of complex treatment are the following:

1.
Moderate warming the patients, without extra wanning. If warm room is absent (at evacuation), warming is reached by covering and wrapping the patient into blankets and applying warming compresses. It is necessary to put off wet clothes and shoes. Warming in antishock wards is gained for quite high air temperature regimen in wards (24-25degrees). Contact warm isn’t to be used in antishock ward. Also the patient may be given hot tea, little alcohol, hot food. But at abdominal traumas, also at present vomiting (independently from the character of injury) the victims can’t receive neither food nor water. At combined radiation shock we shouldn’t administer more than 50ml of 40% alcohol per one intake, as alcohol is intravenously administered as a component of antishock therapy.

2.
Trenedelenburgh’s position. (the leg level of the stretcher is raised, a pillow under the head is absent).

3.
Intravenous introduction of anesthetics (promedol, omnopon,etc). Analgesics are contraindicated at disordered external breathing, critical decrease of blood pressure and cranio-cerebral trauma.

4.
Procaine block after Vishnevskiy. The block eliminates strong irritation and acts as a slight irritant, providing for mobilization of compensatory mechanism at shock. At thoracic traumas we use bilateral or unilateral vagosympathetic block, at abdominal traumas- bilateral paranephral block, at injury of the extremity- sheath block.

5.
Intravenous and intraarterial transfusions of blood substitutes, transfusion of plasma, albumin, antishock fluid. At shock with profuse bleeding haemotransfusion is necessary.

Depending from the level of blood loss, shock level and presence of solutions, we may transfuse from 500 to 1000ml and even more. At shock of the 4th degree at first the artery is pumped (250-500 ml), then intravenous drop transfusion is performed. At shock of the 3rd degree the erythrocyte mass or polyglukin is transfused first by stream method, after the pressure increases - the drop method. If the pressure level at shock of the 3rd degree is very low, it is worth to start intra-arterial blood pumping. Polyglukin transfusion is also very important. It is administered in dosages of 400-1500ml, depending on the victim’s condition. At shock of the 3rd-4th degrees, if there is no blood, some part of polyglukin is administered intra-arterially in the same dosage. At shock that isn’t accompanied with great blood loss, at burn shock, we may use polyglukin combined with albumin or plasma, with reopolyglukin also transfused. Introduction of various antishock solutions provides for good result only at shock of the 1st degree. At moderate shock these medications are administered in combination with haemotransfusions, transfusion of polyglukin, albumin, etc. At shock of the 2:iu-3rd degree together with colloid fluids we apply lactasol intravenously in a stream and drop way, the dosage is 400-2000 ml depending on the condition of the patient.

6.
Administration of cardio-vascular medications( strophantin, corglucon in 5% glucose solution). In severe cases - adrenomimetics (ephedrine, noradrenaline, mesatone) and glucocorticoids( hydrocortisone and prednisolon. These medications are to be combined with haemotransfusions or colloid substitutes transfusions.

7.
To decrease oxygen insufficiency the following measures should be administered: inhalations by moist oxygen, and injections of cititon or lobelin. At expressed disordered breathing it is necessary to intubate the trachea or put tracheostoma and use artificial lung ventilation. If after the trachea intubation and artificial lung ventilation during 3-4 hours the specialists can’t restore adequate spontaneous breathing, tracheostomy should be performed, and then- lung ventilation through the tube. At shock resulting from thoracic injuries tracheostomy must be performed at once, because in such cases artificial lung ventilation will last for a long time.

8.
To manage disordered metabolism vitamins are indicated, especially ascorbic acid, vitamin В1 and calcium chloride (10 ml 10% solution intravenously). 

9.
Also under certain indications the patient may be administered anti tetanus serum, anatoxin and antibiotics.

Every additional trauma increases severity of shock. This means we should keep from operative intervention before the patient overcomes shock condition. The vital indications for operation are: arresting continuous haemorrhage, asphyxiation, anaerobic infection, open pneumothorax. Operative interventions at shock are performed simultaneously with continuous antishock treatment under endotracheal anesthesia. In patients with severe forms of shock (resulting from massive blood loss) there may develop agony and clinical death that are referred to terminal conditions. Agony is characterized by complete unconsciousness, disordered breathing rate, bradycardia, acrocyanosis with pallor of skin, pulsations of large vessels is minimal. Clinical death is characterized by arrest of breathing and cardiac functioning, though, even in such cases resuscitation may be successful during the first 5-6 minutes, if the impairments are compatible with life and there haven’t developed irreversible changes in the central nervous system. The urgent measures at agony and clinical death are heart massage, artificial lung ventilation and intra-arterial blood pumping. The first measures administered by the doctor are indirect (closed) massage of the heart and mouth-to-mouth or mouth-to-nose artificial respiration. These measures must be administered timely and correctly. As soon as qualified measures are administered, artificial lung respiration should be performed using appropriate apparatuses, after intubation or tracheostomy. At clinical death open heart massage may be used. Also the necessary therapy is pumping 200-250ml of erythrocyte mass(but not more than 1000ml), or polygleukin into the artery against arterial blood flow direction. Simulataneously ephedrine, noradrenaline and cardiac glycosides are administered intravenously.

Principles of stage treatment of shock.

First aid. Temporary arrest of bleeding, transport immobilization at fractures (first- hips and shanks) using anything available. At absence of contraindications - analgetic mixture orally or by intradermal injection. It is necessary to evacuate first the patients in the gravest condition.

First medical measures. Introduction of analgetic and cardio-vascular medications, transport immobilization of the limbs by standard splint at bone fractures, massive traumas of soft tissues and great vessels. The victims are to be kept warm, at absent contraindications they are given hot tea and food. Wet clothes and shoes should be taken off. If it is possible, procaine block, transfusion of polyglukin or plasma is performed (at severe shock). The victims in shock condition must be the first to undergo evacuation, if shock is accompanied by continuous internal bleeding, evacuation must be urgent. The whole complex of antishock measures must be administered. The further evacuation depends on the condition of the victim and surgical intervention character, but usually after eliminating signs of shock. The period of early manifestations of trauma is the second period of traumatic disease. At early postshock period of favorable traumatic disease development the hypoxia degree and catabolism intensity decrease. Anabolic processes start dominating.

At severe traumas the heart is weak, haemodynamics is labile for a few days, there may occur recurrent hypotension and increased toxemia, etc. Oxygen transport and saturation of blood and tissues stay decreased for 5-10 days, especially on the 3rd-4th day of traumatic disease. All this requires pathogenetic therapy, sometimes- planned operative interventions. If traumatic disease develops without complications and recovery soon follows, general volume of protein and its fractions in blood improve after 7-10 days, and totally come to norm in 2-3 weeks. The quantitative and qualitative normalization of protein content may be slower at complications, especially necrotical-purulent, decreased protein content, bad nutrition regimen, etc. If catabolic processes proceed, then the posttraumatic azotaemia decreases but doesn’t disappear. As a rule, the lipid content in blood comes to norm by the 7th day, and at purulent-inflammatory processes the level of unbound fat acids stays high, as a protective body reaction (replenishment of energy). The carbohydrate and water-electrolyte metabolism is normalized as well as the enzyme activity, acid-alkaline equilibrium, etc. The total majority of biochemical data are normalized during 2-3 weeks. If complications develop, processes of normalization and recovery are longer. The period of late manifestations of trauma is also called a period of clinical recovery. This period also depends on the severity of affection and may last for quite a long time (a few weeks and months). It starts after stabilization of homeostasis and after functioning of impaired areas becomes restores. The complex treatment in this period is aimed at  elimination of pathological consequences of trauma. It is terminated when the patient doesn’t need any special treatment. The post-recovery period - is the fourth period. As a result of trauma and suffering the patients are often physically exerted, in depression, unable to do physical and mental work. In this period they still need medical and social rehabilitation.

Psychological Problems

Polytrauma inficts significant stress upon the child and his family. Emotional shock is followed by denial or depression before recovery takes place. During the first post-traumatic phase psychiatric manifestations may develop and persist throughout a potentially long convalescence.

Outcome, Rehabilitation, and Long-Term Course

The prognosis depends upon the extent of the brain injury. The majority of deaths take place during the first hour and a second peak is found after 48 h. Of those who are not dead on arrival, the mortality rate is approximately 17%.

Long-term disability is seen in 19-28% of all children involved in polytrauma, declining to 12% during the next decade. Nearly half of the relevant functional impairment is the result of brain injury. Five years after the trauma, the signs of focal neurological loss are apparent in one third of the patients. Neuropsychological and psychosocial problems persist for 6 months in 24% of cases while 42% of brain-injured children following polytrauma exhibit cognitive impairment. The musculoskeletal injuries account for one third of the cases with long-term disability.

Institutions caring for polytraumatized children need a protocol on how to manage the withdrawal of care for those unfortunate children who cannot be salvaged. Ethical principles must play a part in that very personal and painful decision. The complex problem of organ donation and the dignity of dying require an informed and professional approach.
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Test. Entry level

1. The patient was administered to the hospital with acute pain in the left half of the chest and shortness of breath. He fell down from a height of 2.5 meters one day ago. On the chest X-Ray a fracture of VI, VII, VIII ribs is seen and a horizontal level of fluid reaching up to 4th rib. Established diagnosis - hemopneumothorax. What should be done?

A. Puncture of the pleural cavity in the second intercostal space along the left mid-clavicular line

B. Puncture of the pleural cavity in the seventh intercostal space along the posterior axillary line

C. Puncture and drainage of the pleural cavity in the second intercostal space along the left mid-clavicular line

D. Puncture and drainage of the pleural cavity in the fifth intercostal space along the middle left axillaris line

E. Puncture and drainage of the pleural cavity in the seventh intercostal space along the posterior left axillaris line
2. An 8-year-old child was administered to the hospital 1 hour after the abdominal trauma. Abdomen is enlarged in volume. Tympanitis is heard on percussion of the abdomen and hepatic dullness is absent. Spread pain throughout the abdominal wall, expressed tension of the muscles of the anterior abdominal wall. What is the most likely diagnosis?

A. Damage to the hollow organ, peritonitis

B. Subcapsular hematoma of the liver

C. Rupture of the pancreas, peritonitis

D. Damage to the liver, intra-abdominal bleeding

E. Spinal cord injury

3. 3. The 16-year-old patient was administered to the department of a polytrauma in a traumatic shock. Associated thoracic and abdominal injury. Breathing is superficial, arterial pressure - 80/60. Heart rate - 115 BPM, breath rate - 42 per min. Suggest an urgent measure to correct respiratory distress.

A. Introduction of narcotic analgesics

B. Conducting of mechanical ventilation

C. Immediate operation with blood reinfusion

D. Auxiliary ventilation

E. Introduction of central analgesics

4. A 4-year-old girl was administered to the surgical department with a closed abdominal trauma. The spleen damage was diagnosed. Splenectomy was performed. What are the consequences for a child's future?

A. Allergic reactions

B. Lack of physical development

C. Development of diabetes

D. Development of anemia

E. High probability of septic manifestations

5. A 12-year-old boy was injured in a car accident. A closed hip diaphysis fracture, contusion of the brain, multiple fractures of the ribs, hemopneumothorax and a scalp wound of the leg were observed. Which of these damages should be considered dominant?

A. Closed fragmentary fracture of the hip diaphysis

B. Multiple rib fractures and hemopneumothorax

C. Contusion of the brain

D. Scalp wound of the leg

E. Damage is equivalent

1. Answers:

A and B. In this case, it is necessary not only puncture, but drainage of the pleural cavity.

C. This point is suitable for the puncture of the pleural cavity with the aim of aspiration of free air. The installation of drainage at this point will not provide sufficient drainage of the free liquid.

D. This point is safe for puncture and drainage of the pleural cavity, the establishment of drainage will help to evacuate as much as air and a free fluid from the pleural cavity

E. This point can be used for puncture and drainage of the pleural cavity in the presence of isolated hydrothorax

The correct answer is D

2. Answers:

A. The presence of tympanitis, the absence of liver dullness indicates free gas in the abdominal cavity that got there due to injury of the hollow organ and causes the development of peritonitis

B.C.D.E. Actually damage to the parenchymal organs has another clinical picture, although it is also possible in combination with the injury of the hollow organ. The intraoperative audit of the abdominal cavity, performed on urgent displays in connection with pneumoperitoneum, will allow the diagnosis of a final diagnosis

Correct answer: A

3. Answers:

A. The introduction of these drugs is necessary for the purpose of anesthesia

B. This trauma requires a mandatory mechanical ventilation

C. The carrying out of these measures should be carried out after the transfer of the child to the mechanical ventilation

D. These measures will be inadequate for such an injury

E. The introduction of these drugs is necessary for the purpose of anesthesia

Correct answer: B

4. Answers:

A. Not characteristic of postplenectomy syndrome

B. May have a secondary character

C. Not typical for post-placental bone syndrome

D. Not typical for post-penetrating syndrome

E. Characteristic for postplenectomy syndrome

Correct answer: E

5. Answers:

A. May condition the severity of the general condition, but it is not life-threatening

B. Life-threatening injuries, which in the first place cause the development of traumatic shock

C. May condition the severity of the general condition, but is not life-threatening

D. Insignificantly affects the severity of the general condition and is not life-threatening

E. Damage is not equivalent to affecting the general condition of the patient

Correct answer: B

Test. Exit level

1. A 12-year-old boy was operated due to the trauma of liver. 2 weeks after the operation a vomiting with impurities of blood appeared. What is the most likely source of bleeding?

A. Stomach ulcer

B. Ulcer of the 12th-digestive tract

C. Bleeding from the veins of the esophagus

D. Malory-Weis syndrome

E. Hemophilia

2. Child with a closed abdominal trauma with a suspicion of damage to the spleen and signs of bleeding. Which diagnosis tool will be the most informative?

A. EGDS

B. X-ray of the abdominal cavity

C. Ultrasound of the abdominal cavity

D. Scintigraphy of the abdominal cavity

E. Examination during medication sleep

3. A 9-year-old boy with a closed abdominal trauma. During examination the spleen trauma was diagnosed. What is an indication for conservative treatment?

A. Minor ruptures of parenchyma

B. Damage to another organ of the abdominal cavity

C. Stable hemodynamics

D. Presence of concomitant diseases

E. Relatively satisfactory condition

4. A 12-year-old boy was administered  to an ambulance with complaints of abdominal pain, vomiting and dizziness. It was established that he fell from a tree height of 3 meters. During examination there is no liver dullness. What organ is possibly damaged?

A. Liver

B. Spleen

C. Liver and mesentery

D. Hollow organ

E. Pancreas

5. A 11-year-old child was administered  to the hospital with a closed abdominal trauma. The boy fell from a height of 3 meters on the abdomen. At the examination there was a suspicion of damage to the organs of the abdominal cavity. The visual examination of the abdomen was performed in an upright position. Which of the following criteria indicates damage to the hollow organ?

A. High standing diaphragm

B. Strengthened intestinal pneumatization

C. No pneumatization

D. Free gas under the dome of the diaphragm

E. Intestinal dislocation in the lower abdominal cavity

6. A 7-month-old child fell from the dressing table. A closed abdominal trauma was been diagnosed. The ultrasound showed a suspicion of liver damage. Which of the following indicators will confirm the suspicion?

A. Reduced serum protein levels

B. Decrease of hemoglobin level

C. High leukocytosis

D. Decrease in platelet count

E. Increased transaminases

7. A patient with a closed abdominal trauma. During an ultrasound examination hematoma was found in the area of ​​a small omentum. What organ is damaged?

A. Stomach

B. Transverse colon

C. Duodenum

D. Pancreas

E. Spleen

8. A 12-year-old boy fell from a height of 3 meters on the abdomen. Complains of abdominal pain, vomiting. At the examination there was a suspicion of bladder rupture. Which of the signs will confirm it?

A. Acute urinary retention, parevesical hematoma

B. Pyuria, hematuria

C. Peritoneal symptoms, dullness in flat places, oliguria

D. Renal colic

E. Breakthrough of pelvic bones, acute urinary retention

9. Which diagnosis tool is as informatively as possible in the diagnosis of acute kidney injury?

A. Reorenography

B. Cystoureterography

C. Cystoscopy

D. Excretory urography

E. Polypositional cystoscopy

10. In patient with closed abdominal trauma a ultrasound was performed.  Suspicion of damage to the pancreas. Confirmation is:

A. Hematoma of the stomach wall

B. Subacute hematoma

C. Hematoma in the area of ​​small omentum

D. Hematoma of the mesentery of the transverse colon

E. Enlarged stomach

Keys

1. Answers:

A.B.C.D. Vomiting with blood impurities is possible under these nosology’s, but uncharacteristic anamnesis.

E. The emergence of vomiting with blood after 2 weeks after receiving a liver injury requiring surgical treatment is characteristic of this nosology

Correct answer: E

2. Answers:

A. is indicated for bleeding from the upper digestive tract

B. is indicated in case of suspicion of damage to the hollow organ

S. is an informative screening method for estimating the source and intensity of bleeding

D. is an informative but routine method that is not logical to use in an urgent situation

E. is not an informative method for intra-abdominal bleeding

Answer: Correct answer: C

3. Answers:

A. not always accompanied by stable hemodynamics

B. is an indication for surgical treatment

C. is the main criterion for the possibility of conservative treatment

D. does not have a leading role in intra-abdominal bleeding

E. is not an objective criterion for the intensity of bleeding

Correct answer: C

4. Answers:

A, B, C, E are parenchymatous organs, for the damage which is not characteristic of the disappearance of liver dullness due to the presence of free air in the abdominal cavity.

D. The disappearance of liver dullness due to the presence of free air in the abdominal cavity is characteristic of damage to the hollow organ

Correct answer: D

5. Answers:

A. is not pathognomonic for damaging the hollow organ and is characterized by the relaxation of the diaphragm dome (trauma of the diaphragmatic nerve)

B. Not pathognomonic for damage to the hollow organ and is characteristic for paresis of the cat.

C. is not pathognomonic for damaging the hollow organ and is characteristic for the violation of intestinal permeability

D. is pathognomonic  for damagsng the hollow body with the release of air into a free abdominal cavity and accumulation in the most densely populated place

E. is not pathognomonic for damaging the hollow organ and is characteristic for + tissue in the upper abdominal cavity (hematoma, tumor-like formation)

Correct answer: D

6. Answers:

A, B, C, D - these changes are not specific and may be attributable to the trauma of other organs

E. is characteristic of liver injury

Correct answer: E

7. Answers:

A, B. characterized by the presence of free air in the abdominal cavity

C. is characterized by the presence of free air in the abdominal cavity and / and retroperitoneal hematoma (depending on the department of the duodenum)

D. is characteristic for damage to this body

E. characterized by the presence of free fluid (blood) in the abdominal cavity

Correct answer: D

8. Answers:

A. is mainly characteristic of extraperitoneal bladder rupture

B is mainly characterized by inflammatory diseases of the urinary system and kidneys

C. is mainly characteristic of intraperitoneal rupture of the bladder

D. is mainly characteristic of chicken duck disease

E. is mainly characteristic of urethral injuries

Correct answer: C

9. Answers:

A. Used as non-invasive method for determining renal blood flow in a planned manner

B. Used to study the pathology of the ureter and bladder in a planned manner

C. Endoscopic examination of the bladder

D. X-ray contrast study of kidneys and urinary tracts, which is used both in the urgent and planned manner, including with kidney trauma

E. X-ray polypositional study of the bladder

Correct answer: D

10. Answers:

A. is characteristic for a trauma of the gastric wall

B is mainly characteristic of a kidney and duodenal injury

C. is characteristic of a pancreatic injury

D. characteristic for injury of the transverse colon

E. is not typical of an injury

Correct answer: C
Situational tasks

1. 13 year old girl was hospitalized in an urgent department. At the examination after an accident after 6 hours there is cyanosis and difficulty breathing. The condition of the patient is severe, the right half of the chest lags behind in the act of breathing, intercostal intervals are enlarged to the right, with percussion box sound, absent breathing during auscultation.

1. List the methods that help to diagnose?

2. Your previous diagnosis?

3. What is emergency care?

Etalon answer:

1. X-Ray of the chest in an upright position

2. Tension right-sided pneumothorax 

3. Puncture and drainage of the pleural cavity in the fifth intercostal space on the middle inguinal line to the right

2. A child of 4 years suffered a blunt injury to the chest (falling from the ladder to the asphalt). Increases suffocation, cyanosis. The left half of the chest is lagging behind in the act of breathing, with auscultation left breathing is not heeded, tone of the heart is determined in the right half of the chest. On the X-ray of the chest, the left-sided hydropneumothorax.

1. What is the previous diagnosis?

2. What kind of emergency care is needed?

Etalon answer:

1. Tension right-sided pneumothorax

2. Puncture and drainage of the pleural cavity in the fifth intercostal space along the left middle axillary line

3. A 10-year-old boy was administered to the hospital 40 minutes after falling from a tree with complaints of pain in the left thigh, left forearm, chest and left hypochondrium. When examined the child is restless, pale, acrocyanosis is present, edema and deformity of the left thigh and forearm, limitation of movements in the indicated limbs, abrasions on the left half of the chest and left hypochondrium, lag in the act of breathing of the left half of the chest with the expansion of intercostal spaces, respiratory rate 50 breaths per minute, pulse - 120 beats per minute, blood pressure 80/50 mm.

1. Make a diagnosis.

2. Make a survey plan.

 

Etalon answer:

1. Polytrauma. Closed thoracic trauma. Tensioned left-sided pneumothorax. Spleen rupture. The fracture of the forearm and the left thigh. Traumatic shock II degree.

2. X-ray of the thoracic and abdominal cavity in the upright position, X-ray of the left leg and thigh in 2 projections, ultrasound examination of the abdominal cavity, general blood and urine analysis, determination of blood group and Rh factor, biochemical blood test (transaminases, bilirubin, protein, glucose, alpha-amylase, lipase, creatinine, urea, electrolytes), acid-alkaline state monitoring, and, if necessary, CT

4. A hospitalized 6-year-old child after an accident with a diagnosis: polytrauma, closed head trauma, contusion of the brain, closed thoracic trauma, left-sided pneumohemothorax, closed abdominal trauma, splenic rupture (with traumatic destruction of up to 25% of parenchyma), intraabdominal bleeding, traumatic shock II degree

1. What injuries are the dominant ones?

2. What is the surgical tactic?

Etalon answer:

1. Closed thoracic trauma, left-sided pneumohemothorax, closed abdominal trauma, splenic rupture, intraabdominal bleeding.

2. Puncture and drainage of the left pleural cavity in the 5th intercostal space on the left middle axillary line, stabilization of hemodynamics on the background of complex intensive therapy using hemostatics, somatostatin, antibiotics with clinical and laboratory and sonographic examination of the abdominal cavity in dynamics. With the progression of intraventricular hemorrhage, unstable hemodynamics - surgical treatment.

5. In the 6-year-old victim delivered 4 hours after the accident the diagnosis was established: polytrauma, closed head trauma, contusion of the brain, open thoracic trauma, penetrating wound of the abdominal cavity, anterior abdominal wall wound, eventration. After preoperative preparation for 2 hours surgical treatment was started. At the operation: damage to the sigmoid colon, up to 4 cm in length, with the transition to the transitional fold of the peritoneum and its separation from mesenterium within 3 cm with the presence of a significant amount of fecal contents in the abdominal cavity was noted.

1. What is the volume of surgical treatment?

2. What further surgical tactics?

Etalon answer:

1. Sanation of the abdominal cavity, resection of the damaged section of the sigmoid colon, colostomy above the level of bowel damage, sewing of the distal part of the sigmoid colon.

2. Treatment of fecal peritonitis on the restoration of the integrity of the digestive tract in the delayed period - in 2-3 months.

Theoretical questions

1. Define the concept of polytrauma, multiple, combined and associated trauma.

Etalon answer: The term "polytrauma" is common, it includes the following types of trauma: multiple, combined and associated. Multiple trauma includes damage to two or more internal organs in one cavity. Combined trauma includes damages of internal organs in two or more cavities or damage to the internal organs and musculoskeletal system. Associated trauma includes such injuries, which are caused by various traumatic agents: mechanical, thermal and radiation.

2. What is hemothorax – the definition, classification

Etalon answer: hemothorax - accumulation of blood in the pleural cavity as a result of damage to the blood vessels of the thoracic wall (intercostal, diaphragmatic, pulmonary).

Depending on the amount of blood in the pleural cavity (according to the X-ray examination and percussion), the hemothorax is defined as small - the level of the fluid does not reach the angle of the shoulder blade, the average level of the fluid is projected to the angle of the shoulder blade, and the large - the entire pleural cavity is filled with blood. In children, the degree of hemothorax should be determined by the amount of blood contained in the pleural cavity, in relation to the weight of the child's body. With small hemothorax, the volume of blood in the pleural cavity does not exceed 0.25% of the body weight, with an average of 0.5%, and large - more than 1%.

3. What kind of heart damage do you know and what is their mechanism of occurrence?

Etalon answer:

Heart damage has several types. In the case of a closed trauma - a contusion, a slaughter and a rupture with a lesion of a pericardium, a myocardium, coronary vessels and nerves, a valve apparatus and folds. The same variants of damage occur in the case of penetrating trauma - wounded by sharp objects and firearms.

There are the following mechanisms of injury:

- impulse and stroke in the chest;

- compression (when heavy objects fall, between mechanisms of heavy machinery, blockages, stamping);

- a hydraulic "explosive" effect of blood in the cells of the heart, which does not change its volume;

- Decelerational trauma due to sudden inhibition of heart disease on the chest (accident);

- damage by sharp objects;

- firearms wounds.

4. What method of diagnosis is of primary importance in case of suspicion and trauma of the esophagus?

Etalon answer:

In case of suspicion and injury of the esophagus, it is necessary to perform X-ray of the esophagus with the water-soluble contrast.

5. Describe the clinical course of chest injury.

Etalon answer:

1. The period of acute traumatic disorders (12-48 hours) is dominated by: pleuro-pulmonary shock, intra-pulmonary haemorrhage, pulmonary and pulmonary-pleural bleeding, acute respiratory insufficiency. Causes: shock, bleeding, displacement of mediastinum organs. Complications: hemothorax (small, medium, large), intra-pulmonary hematomas, enlarged in size, pneumothorax, hemopneumotorax (simple, tense), flotation of the mediastinum, mediastinitis and subcutaneous emphysema.

2. Early post-traumatic period (1-4 days) - prevailing syndrome of exclusion from the act of respiration of the area of ​​the pulmonary parenchyma, acute respiratory insufficiency. Cause: pulmonary collapse, posttraumatic pneumothorax and atelectasis, hemothorax, pulmonary hemorrhage.

3. Period of early complications (late post-traumatic period) 5-14 days. Prevailing syndrome of exclusion from the act of respiration of the pulmonary parenchyma and purulent-septic cells, sometimes a syndrome of pulmonary and pulmonary-pleural bleeding.

4. Period of late complications and consequences (after 15 days) - predominant purulent-septic cells, chronic purulent broncho-pulmonary and pleural syndrome.

6. What do you know about the types of damage to the pancreas?

Etalon answer:

1. Contusion and edema.

2. Subcapsular hematoma.

3. Surface rupture with damage to integrity of the capsule.

4. Deep rupture of the gland (without damaging its duct).

5. Decomposition and separation of the area of ​​the gland

7. What distinguishes the spleen damage?

Etalon answer:

There are the following lesions of the spleen:

1. Surface rupture of capsule.

2. Subcapsular hematomas.

3. Rupture of capsule and parenchyma.

4. Breaking the spleen from the vascular leg.

8. What is hemobilia and what methods of examination is confirmed?

Etalon response:

Hemobilia is defined as the following symptoms: pain, intestinal bleeding and jaundice. The diagnosis is confirmed on the basis of data of ultrasound and CT (presence of intrahepatic hematoma), celiacography (depot of contrast agent outside the arterial bed), EGDS (blood comes from the pancreatic duct).

9. What are the bladder injuries and what is the mechanism of their occurrence?

Etalon answer:

There are extra - and intraperitoneal ruptures. The first occurs, as a rule, in case of fracture of the pelvic bones, the second due to hydrotrauma (severe compression of the filled bladder).

10. What degree of kidney damage do you know?

Etalon answer: There are five degrees of damage: I-damage without signs of subcapsular or paranephral accumulation of fluid (blood, urine); II - partial damage to the kidney, a small amount of fluid in the subcapsular or paranephral space; III - kidney rupture and significant accumulation of fluid in (out of) abdominal cavity; IV - splinting of the kidney into several parts with preservation of the connection between parts and partial blood circulation; V - damage to the kidney vessels.

Interpretation of the images:
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The etalon answer: Chest X-ray in the direct projection. The absence of the vascular picture of the right lung, in fact the lung is collapsed, the displacement of the mediastinum towards the healthy side, the expansion of the intercostal spaces and the flattening of the diaphragm dome on the right, indicating right-side tension-type pneumothorax.
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Chest X-ray in a direct projection. The right lung is partially collapsed, the surface-like echo can be visualized with the presence of free fluid, indicating right-side hemothorax (a puncture and catheterization of the subclavian vein was performed on the right).
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CT of the abdominal cavity. Visual fluid is formed with clear boundaries under the left lobe of the liver over the projection of the pancreas that is inhomogeneous, has no clear contours, which may indicate the formation of post-traumatic pseudocyst of the pancreas.
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