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ABSTRACT:-

Injury is the leading cause of death and disability in children. Each year, almost one in six children in the United States require emergency department (ED) care for the treatment of injuries, and more than 10,000 children die from injuries. Severely injured children need to be transported to a facility that is staffed 24/7 by personnel experienced in the management of children, and that has all the appropriate equipment to diagnose and manage injuries in children. Anatomical, physiological, and emotional differences between adults and children mean that children are not just scaled-down adults. Facilities receiving injured children need to be child and family friendly, in order to minimize the psychological impact of injury on the child and their family/carers. Early recognition and treatment of life-threatening airway obstruction, inadequate breathing, and intra-abdominal and intra-cranial hemorrhage significantly increases survival rate after major trauma. The initial assessment and management of the injured child follows the same ATLS® sequence as adults. 
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INTRODUCTION:-

Anatomical, physiological, and psychological differences between children and adults have important implications for the initial assessment and management of pediatric trauma victims.
Children have less fat, more elastic connective tissue, and a pliable skeleton protecting tightly packed abdominal and thoracic structures. The force of an impact is transmitted widely through a child's body, resulting in multi system injuries in almost 50% of children with serious trauma.[1] Their larger body surface area to body mass ratio predisposes them to larger heat and insensible fluid loss than adults, resulting in higher fluid and caloric requirements.
Children have a different physiological response to major trauma compared to adults, in that they maintain a near-normal blood pressure even in the face of 25% to 30% of blood volume loss. In these situations, subtle changes in the heart rate and extremity perfusion may signal impending cardiorespiratory failure, and should not be overlooked.[2]
Children may not cope well emotionally in the aftermath of an accident. They need to be managed in a calm, child-friendly environment. The presence of a parent or guardian in the resuscitation room may help the trauma team by minimizing the injured child's fear and anxieties. There is evidence that 25% of children suffer from post-traumatic stress disorder after a motor vehicle collision.[3]
A rapid and well-organized team assessment of an injured child, following ATLS® guidelines, is essential. The term golden hour, while not literally defined, refers to an early and critical period in the care of trauma victims, during which the appropriate management may significantly increase patients’ survival rate. The goals of initial stabilization include providing adequate oxygen delivery and ventilation, fluid resuscitation, and prevention of secondary damage to target organs. The decision of whether the injured child will be transferred to a trauma center or to the closest available facility largely depends on geographic location and local policies. There is some controversy surrounding the optimal type of facility for the management of pediatric trauma. Osler et al. reviewed 53,113 children included in the National Pediatric Trauma Registry.[4] They found a higher mortality in children who were treated in adult trauma centers (ATCs) than in pediatric trauma centers (PTCs). However, children admitted to ATCs were more severely injured. When this was accounted for, they did not find a difference in mortality. Potoka et al. reviewed 13,351 children included in the Pennsylvania Trauma Outcome Study.[5] They found that overall survival was significantly better at PTCs and ATCs with added qualifications to treat children (ATC-AQs) compared with ATCs. In this study, patients treated at PTCs and ATCs had similar injury severity. Oyetunji et al. analyzed 53,702 children from the National Trauma Data Bank.[6] They found that mortality was significantly lower in ATC-AQs versus ATCs. On a multivariate analysis, the adjusted odds ratio of mortality for all patients was 20% lower at ATC-AQs than at ATCs.
Primary survey:-

The goal of the primary survey is to find and relieve immediate life-threatening conditions. The primary survey starts at the injury scene and aims to ensure a patent airway, adequate breathing, circulatory support, and to assess major neurologic disability.

The 2010 American Heart Association resuscitation guidelines changed from an A-B-C sequence to a C-A-B sequence for adults and children.[7] In the trauma scenario, this translates to checking for a pulse and starting external cardiac compressions if one is not felt, before turning attention to the airway. Major exsanguinating hemorrhage, including hemorrhage resulting from pelvic fractures, needs to be controlled as a matter of urgency, at the same time as the assessment of the airway. A recent review suggested that almost 22% of cardiac arrests in children are associated with trauma.[8] In a 10-year review of children requiring pre-hospital CPR after traumatic injury, 8.75% survived to hospital discharge.[9] In a different 11-year review, 16% survived. Half of these survivors were neurologically normal. None of the children who required ongoing CPR on arrival at the trauma center survived.[10]

Airway:-

The assessment of the airway simply involves determining the ability of air to pass unobstructed into the lungs. The airway can be obstructed anywhere between the lips and the carina, by direct trauma, edema, secretions, blood, stomach contents, or foreign bodies. If the level of consciousness (LOC) is depressed, the child may not be able to maintain a patent airway and/or be able to protect the lungs from aspiration of stomach contents, because of loss of the gag reflex.

The classic sign of upper airway partial obstruction is inspiratory stridor. Respiratory effort with no air flow indicates complete airway obstruction.

BREATHING:-

Evaluate breathing to determine the child's ability to ventilate and oxygenate.

Anticipate respiratory failure if any of the following signs is present:

an increased respiratory rate, particularly with signs of distress (e.g. increased respiratory effort including nasal flaring, retractions, seesaw breathing, or grunting);
an inadequate respiratory rate, effort, or chest excursion (e.g. diminished breath sounds or gasping), especially if mental status is depressed;
cyanosis with abnormal breathing despite supplementary oxygen.[7]
Critical findings include the absence of spontaneous ventilation, absent or asymmetric breath sounds suggesting pneumothorax or endotracheal tube (ETT) malposition, hyper-resonance or dullness to chest percussion suggesting tension pneumothorax or hemothorax, respectively, and gross chest wall instability or defects that compromise ventilation (e.g. flail chest or sucking chest wound).

Care should be taken in the interpretation of pulse oximetry readings. A child may be in impending respiratory failure despite maintaining normal O2 saturations (SpO2), especially when supplementary O2 is being administered. Pulse oximetry only indicates SpO2 and not oxygen delivery. If the hemoglobin is very low, the SpO2 may be 100%, but O2 content in the blood and O2 delivery may be low. If carboxyhemoglobin (from carbon monoxide poisoning) is present, the pulse oximeter will reflect a falsely high SpO2.

Examine:

Circulation:-

Pulse

Brachial artery in an infant, up to 1 year;

Carotid artery in a child, 1 year or older

Femoral artery

Tachycardia - is a sign of shock, as well as of fear and anxiety.

Bradycardia - is a sign of imminent death.

Pulse volume is reduced in shock

Capillary Refill

Press on the sternum for 5 seconds then release and count the time to reperfusion. Up to 2 seconds is normal.

Capillary refill is prolonged early in shock, but is also prolonged by pain, fever and environmental factors, such as cold.

This is a sensitive sign, but not specific, and should only be used in conjunction with other signs of shock.

Skin colour/temperature

Mottling/pallor and cyanosis of the skin indicate poor perfusion due to either a sympathetic response to low cardiac output or to pain, fear or cold. 

Blood Pressure

Hypotension is a late sign of shock, and imminent death. 

Look for other signs of circulatory inadequacy

Respiratory distress or failure;

Agitation, confusion or decreased conscious level;

Rapid, deep breathing may be a sign of metabolic acidosis

Decreased urinary output. 

Management of circulation:-

Consider need for chest compressions

Ensure adequate vascular access

Obtain blood specimens

Assess and manage haemorrhage

Fluid Resuscitation

Drugs

Re-assessment

Ensure adequate monitoring of saturations: cardiac monitor, finger on femoral pulse for pulse check.

If the pulse is abscent or less than 60 and there are no other signs of life: commence immediate chest compressions and full cardiopulmonary resuscitation.

1. Chest compressions Infant <1 year

	Landmark  
	1 finger-breadth below inter-nipple line.

	Technique 
	Two fingers depth 1/3 of the AP diameter of the chest

	Rate
	100 per minute 


Ratio of compressions to breaths: 5:1
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`small Child <8 years:-

	Landmark  
	1 finger-breadth above the xiphisternum

	Technique 
	Heel of one hand - depth 1/3 of the AP diameter of the chest

	Rate
	100 per minute 


Ratio of compressions to breaths 5:1

Larger child:

Landmark Two fingers above the xiphisternum Technique Two hands overlaid (as in adults) Rate 100 per minute Ratio of compressions to breaths 15:2

2. Ensure adequate vascular access

At least 2 large-bore cannulae.

If unable to obtain access in 90 secs, insertion of an intra-osseous needle is recommended.

If experienced in advanced vascular access, consider inserting a large-bore, rapid-infusion cannula into the femoral, internal jugular or subclavian where major ongoing blood loss.

Venous cut down. Use only as a last resort.

Sites of venous access

Medial antecubital fossa at the elbow.

Long saphenous vein at the ankle.

Cephalic vein higher in the upper arm.

Dorsum of hand and foot; use in an infant when it has not been possible to cannulate a larger vein. Usually a Size 22G cannula can be inserted. This may be sufficient for initial volume expansion, but will be insufficient in older children, if there is ongoing bleeding or a poor response to the initial fluid bolus.

Intra-osseous. In a child with established shock, if venous access cannot be gained within 90 seconds, insertion of an intra-osseus needle is recommended .
Femoral vein if skilled, and there is no severe intra-abdominal or pelvic haemorrhage. 

3. Obtain blood specimens for:

FBC,

Blood sugar

Cross-Match (minimal requirements): -Infant 2 units -Child 4 units -Large child 6 units 

4. Assess and manage haemorrhage:-

Control haemorrhage:

External: Assessment of blood loss (at the scene, in the linen, on the floor). Remember the scalp, which can be a major source of blood loss in children.  Most external haemorrhage in children can be controlled with direct pressure.  Use of focal pressure with limited dressings is more likely to control bleeding than large bandages.  Where extremity bleeding cannot be controlled with direct pressure, a tourniquet may be helpful.

Internal: Chest and abdomen bleeding may require surgical intervention in order to achieve control.

Splint and stabilise fractures.

Pelvic fractures may cause significant blood loss, and a binder to the pelvis may substantially reduce this. A sheet or towel wrapped tightly around the entire pelvis may stabilise the haemorrhage.

Later definitive control in theatre - where appropriate. 

5. Fluid Resuscitation:-

Look for any signs of circulatory compromise, as above. If present consider fluid resuscitation with blood as per your own institution protocol, or as per the APLS .

Obtain an URGENT SURGICAL REVIEW if there has been inadequate response to the first two fluid boluses.

Reassess: HR, capillary refill, and other signs of circulatory adequacy. 

If the circulatory signs are deteriorating and not responding to fluid bolus, consider whether there is:

Presence of on-going internal bleeding;

Tension pneumothorax;

Haemothorax;

Haemopericardium;

Spinal cord injury (low blood pressure, warm skin, slow heart rate, no limb movement, patulous anus). 

In hypovolaemia, fluids will need to be infused rapidly.This requires:

50 ml bolus via syringe for small volumes and small children;

Rapid infusion catheters, if available;

Blood pump sets;

Pressure bags;

Blood warmers.

6. Inotropic support:-

Injured patients usually require replacement of volume rather than use of inotropes.  Consider discussion with a paediatric intensive care physician if you consider your patient requires inotropic support.

7. After assessment: re-assessment

Repeat Primary Survey and continue monitoring vital signs, saturation, conscious state and urine out-put. 

CERVICAL SPINE INJURIES:-

While spinal cord injuries are rare in children (<2% of injured children), a missed injury may have devastating consequences for the child, not to mention medico-legal ramifications for the trauma team. All significantly injured children must be assumed to have a cervical spine injury until proven otherwise by objective clinical examination. Approximately 30-40% of children with traumatic myelopathy have spinal cord injury without radiological abnormality (SCIWORA).

The National Emergency X-Radiography Utilization Study found that applying the following five clinical criteria for not obtaining cervical spine imaging in pediatric blunt trauma had a sensitivity of 99%: no midline cervical tenderness, no focal neurologic deficit, normal alertness, no intoxication, and no painful, distracting injury.

DISABILITY:-

Perform a quick assessment of neurologic function at the end of the primary survey, and repeat during the secondary survey to monitor for changes in the child's neurologic status. Causes of decreased level of consciousness in injured children include traumatic brain injury (TBI), hypoxemia, and poor cerebral perfusion. The latter two can exacerbate a TBI and result in secondary brain injury.

INTRATHORACIC INJURIES:-

The vast majority of serious chest injuries in children are the result of blunt trauma. Most are the result of car and bicycle crashes. The presence of significant chest injury enhances the potential for multisystem trauma mortality by a factor of 10.Life-threatening thoracic injuries, such as airway obstruction, tension pneumothorax, massive hemothorax, and cardiac tamponade, are identified and treated during the primary survey.

INTRA ABDOMINAL INJURIES:-

Abdominal trauma is the most common cause of unrecognized fatal injury in children. Blunt trauma related to MVCs causes more than 50% of the abdominal injuries in children and is also the most lethal. Bicycle handlebars are a common cause of blunt abdominal trauma. Children have proportionally larger solid organs, less subcutaneous fat, and less protective abdominal musculature than adults. They suffer relatively more solid organ injury from both blunt and penetrating mechanisms. Approximately one-third of children with major trauma will have significant intra-peritoneal injuries.

The physical examination of the child's abdomen begins during the secondary survey. The stomach and bladder need to be decompressed, and abrasions and contusions of the torso need to be looked for. Persistent, gentle palpation of the abdomen may find significant tenderness if the level of consciousness is not impaired and there are no distracting injuries.
PAIN ASSESSMENT:-

Children cry for a variety of reasons, and it is important to ascertain whether they are in pain. As obvious as it may sound, the injured child who appears to be in pain most likely is in pain. The trauma physician must determine the intensity, cause, and nature of the pain before initiating therapy. There are a number of pain assessment tools available to measure pain in children. The Alder Hey Triage Pain Score (AHTPS) was developed and validated for children aged 0−16 years at triage in an ED setting. In the pre-verbal child, behavioral scores such as the FLACC score can give an objective, reproducible pain score. Children as young as 3 can use cartoon faces to indicate their pain intensity. From the age of about 5, children can use a visual analog score (VAS) and from about 8 they can reliably give a verbal rating score (VRS).

AIRWAY MANAGEMENT INCLUDING C-SPINE STABILIZATION:-
If the airway is obstructed, inspect the mouth for a foreign body and remove it, but do not perform a blind finger sweep, which may push it further into the airway. Suction to clear blood, secretions, or vomitus. Perform an airway-opening maneuver: jaw thrust or chin lift. If there is any possibility of C-spine injury, do not perform a head tilt maneuver. If the child is unconscious, an oral airway may be required to lift the soft palate away from the base of the tongue. Bear in mind that inserting an oral airway into a semi-conscious child's mouth may cause gagging and vomiting. Administer high-flow oxygen via a non-rebreathing face mask with an oxygen reservoir.
If the child is apneic or is making poor respiratory effort, assisted ventilation is required. When properly performed, bag-valve-mask (BVM) ventilation for a short period of time is as effective as ventilation via an ETT, and may be safer. A controlled trial of BVM versus ETT ventilation in an urban pre-hospital setting found no significant difference in survival or in the rate of achieving a good neurological outcome between the BVM group and the ETT group.
If an airway device has been placed prior to arrival in the trauma bay, the emergency department (ED) physician and/or anesthesiologist should not assume that it is the appropriate device, or that it has been correctly placed. The receiving team needs to be familiar with0 airway devices used by pre-hospital personnel, as they may differ from those used in the hospital. Capnography is the gold standard to confirm ventilation of the lungs. Capnography does not rule out mainstem bronchial intubation, however. Also, an ETT which is dislodged just proximal to the vocal cords could result in a waveform on the capnograph.
If intubation is necessary, a quick assessment of the airway should be made prior to induction of anesthesia and administration of a neuromuscular blocking drug. A back-up plan should be in place in anticipation of a difficult or failed intubation. A gum elastic bougie of appropriate size should be immediately available. A video laryngoscope, fiberoptic scope or LMA Fastrach™ should also be kept handy.
Presume that the child's C-spine is injured until proven otherwise, especially in a child with a head injury. Techniques of immobilizing the C-spine include towel rolls, cervical collar, spinal board, and tape. Manual inline stabilization (MILS) of the C-spine is essential for intubation.

MANAGEMENT OF BREATHING, VENTILATION AND OXYGENATION:-

For non-intubated patients arriving to the emergency room (ER), it is vital to assess, re-assess, and keep re-assessing ABCs for adequacy until the patient is transferred to the definitive care place (ICU or floor or the operating room). Pediatric victims of polytrauma have near-normal vital signs even in the presence of significant blood loss, and can deteriorate rapidly. These children should be monitored with extra vigilance during transport to the CT scanner, in the CT scanner, and in the emergency room.
Patients who arrive to the ER intubated should be monitored for existing or developing complications such as barotrauma or endobronchial intubation, in addition to ensuring that their oxygenation and ventilation is adequate.
If the child has confirmed or suspected head injury, and if ICP is monitored, mild hyperventilation may be needed for refractory increases in ICP. Prophylactic hyperventilation is not recommended, and may be harmful, by causing cerebral vasoconstriction and ischemia.
Prevention of hypothermia:-

All victims of major trauma should be considered to be at risk for hypothermia. Children are more prone to develop hypothermia than adults. Hypothermia can lead to arrhythmias, coagulation abnormalities, and acidosis. The latter two, along with hypothermia, constitute “the triad of death” in trauma patients. An initial core temperature measurement (oral, rectal, or bladder) should be done as a part of the primary survey.
The pediatric trauma room in the ED should be maintained at >80° F. Passive rewarming, i.e. removal of wet clothing/linen and coverage with warm blankets, along with minimizing exposure for diagnostic procedures, should be undertaken in all children. The child's head should be covered with a reflective hat. All IV fluids and blood products should be warmed using fluid warmers. Active external rewarming with a convective air blanket (e.g. Bair Hugger®) should be considered in all children with a core temperature of <36°C.

PSYCHOLOGICAL SUPPORT FOR THE CHILD AND FAMILY:-

Experiences with accidents, injuries, physical abuse, or hospitalization can leave a lasting impact on some children's minds. While some are able to cope with the experience and move on, some others and their families may benefit from psychosocial support and intervention.
Medical facilities dealing with traumatized children should have a multidisciplinary team, comprised of social workers, psychiatrists, psychologists, etc., to help patients and their families deal with the after-effects of a traumatic experience.
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