INITIAL MANAGEMENT OF TRAUMA

Trauma is a leading cause of death in the first four decades of life.  The trauma team can play a major role in reducing the incidence of death in trauma patients.

Death from trauma has a trimodal distribution.

I PEAK (NON-SALVAGEABLE)

Death occurs within seconds to minutes and is usually due to laceration of the brainstem, heart, aorta and other large vessels.  Salvage after injury in this instance is difficult and possible only in urban settings with large well-equipped hospitals.

II PEAK (SALVAGEABLE)

Death occurs within minutes to hours due to diverse injuries such as SDH, Hemopneumothorax, splenic lacerations, fractures and significant blood loss.  This group comprises of a large number of salvageable patients.  The focus of this course will essentially be on the management of these patients.  The concept of ‘GOLDEN HOUR’ (first hour of trauma) and the PLATINUM 10 MINUTES (the first 10 minutes of pre-hospital care given to patients at the site of injury) arose from the treatment of this group of patients.

III  PEAK

Death occurs from days and weeks after the initial injury and is due to sepsis, multiple organ failure.  Advances in ICU management and improvement in management will bring down the mortality rate in this group.

Certain basic principles need to be clearly understood in the Early  Management of Trauma.

1. Treat the greatest threat to life first

2. Lack of definitive diagnosis should never impede the application of an indicated treatment

3. A detailed history is not a prerequisite to begin the evaluation of an acutely injured patient.

The main steps in the early management of trauma are

a. Primary Survey

b. Resuscitation (a & b go hand-in-hand)

c. Reassessment of ABC

d. Secondary Survey

PRIMARY SURVEY

The objective of a primary survey is to identify life and limb threatening injuries. The assessment is with the ABCDE.

A 
– 
Airway with in-line cervical spine immobilisation

B 
– 
Breathing

C 
– 
Circulation with hemorrhage control

D 
– 
Disability (neurological status, as expressed by the patient)

E 
– 
Exposure of the entire body (looking for occult injury)

RESUSCITATION

Resuscitation is the step that is performed when any component of primary survey appears unstable.

A  -  AIRWAY WITH CERVICAL SPINE PROTECTION

· Patency of the airway is assessed first by looking for foreign bodies, facial and mandibular fractures or tracheal / laryngeal injuries that may result in airway obstruction

· Cervical spine injury must be suspected in all cases of trauma especially with an altered level of consciousness or evidence of injury above the level of the clavicle.

· Noisy breathing is a good indicator for airway obstruction.

If cervical spine injury is ruled out, a triple airway maneuver consisting of head tilt, chin lift and jaw thrust should be performed with suctioning of the mouth to clear the airway. In unconscious patients an oropharyngeal airway or endotracheal intubation may be required with C-spine protection.  Unintentional movement of the cervical spine during orotracheal intubation is minimised by in-line stabilisation of the neck, provided by the assistant.

Once airway is cleared and secured 100% O2 at a flow rate of 15 l /min can be delivered.    
NECK

Once the airway is made patent, the neck is quickly examined for wounds, tracheal positioning, venous distention, surgical emphysema and crepitus. Then the C-spine is stabilised with semi-rigid collar, sand bags and tape. 

“A clear distinction must be made between adequate airway and adequate breathing”. 
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                         Cervical   immobilisation
INDICATIONS FOR A DEFINITIVE AIRWAY

Airway               
:    

Obstructed airway, inadequate gas reflex

Breathing          
:    

Inadequate breathing O2 saturation less than 90%

Circulation
: 
Inadequate circulation, systolic BP<75mmHg despite adequate fluid resuscitation

Disability            
:   

Coma, GCS <8/15

Environment      
:   

Hypothermia, core temp <330 C
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         Definitive airway
B  -  BREATHING AND VENTILATION

Airway patency alone does not ensure adequate ventilation. Adequate gas exchange is mandatory.  If the patient cannot maintain adequate tissue oxygenation in spite of adequate O2 then artificial ventilation must be instituted.  Inspection, palpation and auscultation of the patient’s chest are to be followed as the type of breathing pattern can provide clues about the presence of injury.  Some common causes of inadequate ventilation are:

	BILATERAL
	UNILATERAL

	1. Obstruction of the upper respiratory tract

2. Leak between face and mask
	1. Intubation of right main bronchus

2. Pneumothorax

3. Hemothroax

4. Foreign body in main bronchi

5. Lung contusion




The immediate life threatening thoracic conditions must be noted and treated immediately. 

1. Airway obstruction - must be relieved 

2. Tension pneumothorax – needle thoracocentesis in the 2nd intercostal space using 14 G needle

3. Open chest wounds – must be dressed

4. Massive hemothroax – chest drain in 5th intercostal space anterior to the mid-axillary line.

5. Flail chest - internal pneumatic fixation by intubation and positive pressure ventilation / operative fixation of ribs.

C  -  CIRCULATION AND HEMORRHAGE CONTROL

Hemorrhage is the predominant cause of death in trauma. “TREATMENT OF BLEEDING IS TO CONTROL IT”. Observations that provide information about the circulatory status are increased pulse, increased respiratory rate, increased capillary refill time, skin pallor, cold and clammy extremities, decreased BP, decreased pulse pressure, decreased urine output, decreased level of consciousness.

· External pressure is applied to obvious sites of bleeding

· Two wide bone 14-16 G peripheral lines should be started immediately

· Tourniquets should not be used except in traumatic amputation of an extremity

· An initial fluid bolus of 2L of RL (Hartman’s solution) or 1 L of colloid bolus can be rushed and the patient’s condition reassessed.  

· If hypotension persists then blood must be administered.

Colloid                      Hartman’s

                                  solution                          
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D  -  DISABILITY

A rapid neurological evaluation should be performed as a part of the primary survey. The level of consciousness is assessed using the AVPU scale.  

Detailed neurological examination is reserved for the secondary survey.

A
– 
Alert

V 
– 
Response to verbal stimuli

P 
– 
Response to pain

U  
– 
Unresponsive

An altered level of consciousness indicates the need for immediate re-evaluation of the patient’s oxygenation, ventilation and perfusion status.  If hypoxia and hypovolemia are excluded, changes in level of consciousness should be considered to be of traumatic CNS origin until proved otherwise. 

E  -  EXPOSURE & ENVIRONMENT

Exposure of the entire body is required to look for any occult blood.  Prevent hypothermia by covering the patient with warm blankets after examination.

RESUSCITATION

Aggressive resuscitation and management of life threatening injuries as they are identified, are essential to maximize patient survival. 

The adequacy of resuscitation is monitored by

Airway          
:   
Pulseoximetry  / Capnography

Breathing      
:  
Respiratory Rate / ABG / Capnography

Circulation     
:  
Assessing  perfusion by BP / pulse / temp / CVP / urine output


Diability         
:  
Pupils / AVPU, GCS

Environment  
: 
Core temperature

SECONDARY SURVEY

Does not begin until the primary survey (ABCDE) is completed, resuscitative efforts are well-established and the patient is demonstrating normalisation of vital signs. 

The secondary survey is a systemic comprehensive evaluation of all organ failure.

These include:

1. A detailed medical history

2. Head to toe evaluation

3. Complete neurological examination

4. Investigations like focussed assessment with sonography for trauma / Diagnostic peritoneal lavage (FAST / DPL)

5. Radiological evaluation

6. Laboratory studies

7. Formulate management plan

It may well be said that secondary survey is “tubes and fingers in every orifice”

HISTORY

A detailed history consisting of 

A   
–  
Allergies

M  
–  
Medications

P   
–  
Past medical history / pregnancy

L   
–  
Last meal

E   
–  
Events leading to injury and environment

MECHANISMS OF INJURY AND RELATED SUSPECTED INJURY PATTERNS

	Mechanisms of Injury
	Suspected Injury patterns

	Frontal Impact

· Bent steering wheel

· Knee imprint, dashboard

· Bull’s eye fracture, windscreen
	· Cervical spine fracture

· Anterior flail chest

· Myocardial contusion

· Pneumothorax

· Traumatic aortic disruption

· Fractured spleen or liver

· Posterior fracture / dislocation of hip, knee
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Head on collision-Frontal impact
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Steering wheel injuries
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Dash board injuries
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Axial loading

	Mechanisms of Injury
	Suspected Injury patterns

	Side Impact, automobile
	· Contralateral neck sprain

· Cervical spine fracture

· Lateral flail chest

· Pneumothorax

· Traumatic aortic disruption

· Diaphragmatic rupture

· Fracture spleen / liver / kidney depending on side of impact

· Fractured pelvis or acetabulum


	Rear Impact, automobile collision
	· Cervical spine injury

· Soft-tissue injury to the neck


	Ejection, vehicle
	· Ejection from the vehicle precludes meaningful prediction of injury patterns, but places patient at greater risk from virtually all injury mechanisms.
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Bilateral femoral fracture

	Motor Vehicle – pedestrian
	Head injury

· Traumatic aortic disruption

· Abdominal visceral injuries

· Fractured lower extremities / pelvis
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Initial impact between a vehicle and  a pedestrian

Initial HEAD & FACE

Scalp lacerations are probably the commonest head injury seen in the emergency department. They tend to bleed profusely because of abundant vascular supply.  Apply direct pressure to control any bleeding. Check the continuity of the cranium with a gloved hand, palpating gently with the fingertips.  Be aware of small puncture wounds of the scalp, which may indicate penetrating injury of the brain.  

The Glasgow Coma Scale (GCS), a frequently used neurological assessment tool is currently considered ideal for documenting and monitoring head injured patients.  The nose & ears are assessed for bleeding and leaking of CSF. Inspect the mouth for lacerations, broken teeth, vomitus or conditions that have the potential to compromise the airway. The neck is immobilised until cervical spine films are reported as normal. 

THORAX

Examination of the thorax is done by reviewing the findings of the primary survey.  Auscultate for breath sounds high on the anterior chest wall for pneumothorax and posterior bases for hemothroax.  If intubated check endotracheal tube placement.  Intercostal drainage tubes may be necessary in the presence of pneumo / hemothorax. 

ABDOMEN

A thorough examination is done by inspection, palpation, percussion and auscultation.  Exposed bowel is covered with warm saline soaked swabs to avoid hypothermia and fluid loss.   

Focussed assessment with sonography for trauma FAST and Diagnostic peritoneal lavage (DPL) help us to assess the type and severity of injury and plan further management. 

Signs of Uretheral Injury 

Presence of blood at external uretheral meatus, bruising of scrotum or perineum and a high riding prostate. 

Signs of Renal Injury  

Flank pain, flank mass, flank bruising and hematuria.

Signs of liver and Splenic injury 

Fracture of lower ribs on the right side may indicate liver injury and on the left side splenic injury.  Patient is hemodynamically unstable and abdominal tenderness will be present. 

Rectal Examination
Sphincter tone, presence of rectal damage, pelvic fractures, prostate position and blood in faecal residue are all to be noted. 

Extremities : Long bone fractures can cause considerable blood loss.  Fracture of femur and humerus can cause 1.5 to 2 litres of blood loss.                 [image: image13.jpg]



· Palpate for tenderness, crepitus and deformities.

· Quality and integrity of pulses distal to the fracture site are noted to rule out vascular injuries

· Suspected fractures and dislocations are splinted for reducing pain and for further radiographic and diagnostic evaluation.

Signs of Spinal Cord Injury

· Hypotension and bradycardia

· Decreased motor power and sensation below the lesion

· Decreased anal sphincter tone

· Priapism

· They may present event without any other signs of external injury

The compensatory mechanism in patients with hypovolemic shock like tachycardia and peripheral vasoconstriction are absent in patients with spinal cord injuries.  This is because of loss of sympathetic tone as well as disruption of the cardio accelerator fibers.

Pain Relief 

The relief of pain is an important aspect in trauma.  Intramuscular injections must be avoided.  Judicious use of IV narcotics and anxiolytics are recommended to achieve the desired level of patient comfort and relief of anxiety while avoiding respiratory depression, the masking of subtle injuries or changes in patients status.

REVISED TRAUMA SCORE

Helps to quickly assess the severity of injury.  Adding scores of systolic BP, GCS and respiratory rate gives us the RTS.

REVISED TRAUMA SCORE

	Score
	Systolic BP
	GCS
	RR

	4
	>90
	13-15
	10-29

	3
	76-89
	9-12
	>29

	2
	50-75
	6-8
	5-9

	1
	1-49
	4-5
	1-4

	0
	0
	3
	0


INTERPRETATION 

·  Normal                  
 
- 

> 12

·  Significant injury  

- 

<   9

·  Moribund               

-  

     0

·  Lesser the score poorer is the outcome

SUMMARY

The injured patient must be evaluated rapidly and thoroughly.  The doctor must develop treatment priorities for the overall management of the patient, so that no steps in the process are omitted.  An adequate patient history and accounting of the incident are important in evaluating and managing the trauma patient. 

AIRWAY MANAGEMENT

Airway management in traumatised patients are complicated because of the importance and vulnerability of the ventilatory system, which can become life threatening within a very short time.  Inadequate delivery of oxygenated blood to the brain and other vital structures is the quickest killer of the injured.  Prevention of hypoxemia requires a protected unobstructed airway and adequate ventilation that must take priority over all other conditions.  

An airway must be secured, oxygen delivered and ventilatory support offered if required. 

I. ANATOMY

Airway begins with the facial skeleton, conventionally divided in to 3 parts.  

· The lower 1/3 consists of the mandible with the symphysis, body, ramus, condyles and the coronoid. 

· The middle 1/3 is the maxillae, nasal bones, zygomas and zygomatic process of temporal bone.  

· The upper 1/3 is the frontal bone.  

The nasal passages communicate with the pharynx, larynx and thence the trachea.  The nasopharynx is separated from the mouth by the hard palate and soft palate separates it from the oropharynx. 

The larynx is designed to defend the lower airway with powerful and easily stimulated protective reflexes.  The major cartilaginous components of the larynx are the epiglottis, arytenoids, corniculates, thyroid and cricoid cartilages.

Below the cricoid, the trachea serves as the air conduit and end at level of thoracic vertebra 5 by level dividing into right and left main stem bronchi.  

II. RECOGNITION OF THE TRAUMATISED AIRWAY
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Airway compromise may be sudden and complete, insidious and partial, progressive or recurrent.  Incomplete closure of the airway will be characterised by noisy, strenuous breathing, as the air stream becomes turbulent when it traverses narrowed air passages.  The patient is usually anxious and diaphoretic.  There may be circumoral pallor or cyanosis and the accessory muscles are frequently called into play.  The patient may assume unusual positions in order to facilitate breathing.  For eg.  He may sit up and lean forward in order to have gravity assist in keeping a disrupted  tongue and mandible from falling  backward and impacting in to the upper airway and closing it completely.  

Patient with altered level of consciousness is at particular risk for airway compromise and requires a definite airway. 

A  positive appropriate verbal response indicates that the airway is patent

1. Airway is patent

2. Brain perfusion is adequate

3. Ventilation is intact

OBJECTIVE SIGNS OF AIRWAY OBSTRUCTION

        Look

· Agitated



(
hypoxia

· Obtunded



(
hypercarbia

· Cyanosis



(
hypoxemia

· Retraction and use of accessory 

muscles of ventilation 

( 
airway compromise

         Listen

· Noisy breathing is obstructed breathing

· Snoring, gurgling, crowing
(
partial occlusion of pharynx / larynx

· Hoarseness
(
functional laryngeal obstruction

         Feel 
· Location of trachea / subcutaneous, emphysema / crepitus
(
disruption of airway.

An unobstructed airway is not likely to benefit the patient unless the patient is also ventilating adequately.  Ventilation may be compromised by airway obstruction but also by altered ventilatory mechanics or CNS depression.

	Altered Ventilatory Mechanics
	CNS depression

	· Direct trauma to chest especially fracture rib
	Alcohol intoxication

	· Elderly patients with previous pulmonary dysfunction
	Drug Abuse

	· Intracranial injury
	

	· Cervical spinal cord injury
	


With severe airway disruption, the diaphragm will become the sole muscle of respiration and its energetic movements will create a paradoxical respiration, creating a “rocking boat” pattern of respiration.

Complete airway closure will be silent since no air is moving and thus there can be no turbulence.  The patient will struggle against his closed airway and ‘rocking boat’ respiration will be pronounced as long as he retains the strength to struggle.  Unrelieved airway closure will lead to death by asphyxiation in 3-5 minutes. 

III COMMON PATTERNS OF DISRUPTION OF THE AIRWAY

1. Blunt trauma

2. Penetrating injury

3. Thermal injury

4. Aspiration of  foreign body

5. Smoke inhalation

1. BLUNT TRAUMA

This presents a greater diagnostic dilemma because external examination may be normal.  Blunt injury to the upper airway is usually fracture of the larynx or cricoid cartilage. As many as 50% of patients sustaining blunt airway trauma have concurrent cervical spine injures.  Mortality rates according to location of injury.

Lowest mortality rate 11%  
( isolated fracture of thyroid cartilage

Higher mortality rate 50% 
( cricoid, bronchi, intrathoracic trachea
· FACIAL FRACTURE  -  MID FACIAL FRACTURE
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i. Le Fort I - horizontal fracture of the maxilla passing above the floor of the nose involving the lower 1/3 or nasal septum and mobilising the palate, maxillary alveolar process and the lower 1/3 of the pterygoid plates and part of the palate. 

ii. Le Fort II - pyramidal fracture of the midface

iii. Le Fort III - fracture line runs parallel with the base of the skull, separating the midfacial skeleton, from the cranial bone.  Because the ethmoid bone forms part of the fracture line, the cribriform plate of the ethmoid is jeopardised.  This bone separates the nasal cavity from the anterior cranial fossa and if fractured will allow entry into subarachnoid space. 

iv. Fracture of the zygomatic arch of the temporal bone may render ET intubation difficult if the fracture segments are driven inferiorly on to the coronoid process, locking the jaw semi-closed. 


A blow to the side of the head may rupture the temporal fascia and fracture the arch.  Mechanical dysfunction of the temporomandibular joint will not respond to the administration of an anesthetic and muscle relaxant and the mouth will not open. 

FRACTURE OF MANDIBLE

Most fracture of mandible occurs in the ramus.  Should the fracture involves the condyle, in its articulation within the temparomandibular joint, the integrity and function of the joint may be at risk. 
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Low velocity
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Low impact

LARYNX

Relatively superficial and unprotected.

Severe injury lead to death by asphyxiation. Less severe injury is compatible with survival depending on the remaining patency of the airway.  It should be noted that edema and hemorrhage both into the airway itself and soft tissues of the interior of larynx may transform injury – induced partial airway closure in to complete occlusion.  Hence constant close observation of airway is mandatory as its preparation for immediate intervention, should it be warranted.

2. PENETRATION INJURY – usually of the trachea and bronchi

Penetrating trauma of the airway is often associated with great vessels, heart and pulmonary injures which can be life threatening.  Most of the patients require emergency airway management before admission in to the hospital. 

THERMAL INJURY

Facial, perioral swelling, laryngeal edema and impaired gas exchange by chemical injury to lung tissue affect airway management. If there is facial or glottic edema, intubation of trachea is advised earlier. 

Tracheostomy is associated with high mortality rate hence orotracheal or nasotracheal intubation is preferred. 

SMOKE INHALATION

Occurs in 25% of all burn victims.  Symptoms of smoke inhalation are bronchospasm and retrosternal pain on inspiration.

ASPIRATION OF FOREIGN BODIES

· may be airway or esophageal  foreign body.  

Laryngeal foreign body 

· symptomatic 

· likely to cause total airway obstruction. 

Foreign body in bronchi 

· may be dislodged by coughing or change in position.  

· may cause total airway obstruction in children. 

IV. METHODS OF SECURING THE AIRWAY

	Immediate intervention

	Apneic

	Emergency intervention
	Respiratory distress

	Urgent intervention
	Rapidly expanding swelling of the face, neck, smoke inhalation, Maxillofacial injury, etc.,

	Delayed intervention
	In all patients high risk for pulmonary problems like ARDS


RISK OF ASPIRATION

All trauma patients must be considered to have a full stomach and to be at high risk for vomiting, regurgitation and aspiration.  Because emergencies are unplanned, these patients may have eaten or drunk, immediately before the event. A delay or even arrest of gastric emptying may be caused by the traumatic event, anxiety or pain that result from the traumatic event or alcohol or drug consumption that may occurred before the traumatic event.

TECHNIQUES TO PREVENT ASPIRATION

· awake intubation

· Rapid Sequence Intubation technique

PRECAUTIONS TO BE UNDERTAKEN FOR AT RISK OF ASPIRATION IN HOSPITALISED PATIENTS

· IV administration of H2 receptor blockers (30-60 min) before induction

· Administration of oral antacids (15-30ml) (15-20min) before induction.

· Patients supine, 400 upright position

· Preoxygenation

· IV induction agent and short acting muscle relaxant with Sellick’s maneuvre

· Trachea intubated and cuff inflated

OPENING THE AIRWAY is the first step in management of airway obstruction.  Commonest site of airway obstruction is oropharynx.

· Chin lift manoeuvre

· Jaw thrust manoeuvre

· Insertion of an Oropharyngeal or nasopharyngeal airway.

MASK VENTILATION

Oxygen administration by mask is an integral part of any therapy for traumatised patients.  Efficacy of bag-valve mask ventilation is most often related to the operators skill.  

Inadequate mask ventilation may result in 

· Mask leakage

· Airway obstruction

· Gastric distension

OROTRACHEAL INTUBATION

Orotracheal intubation is the gold standard for securing the airway and provides protection of the airway too.

Indications

· Resuscitation ( to optimise oxygenation and ventilation)

· Respiratory insufficiency (high spinal cord injury drug over dose)

· Multi-traumatised patients and in shock

· Cerebral trauma (GCS <8)

· Risk of aspiration

· Provision of surgical anesthesia 

· Providing a route to administer drugs even without IV access (eg. Epinephrine / atropine / lidocaine or naloxone)

· Tracheal / bronchial toileting

· Assisted or controlled ventilation

POSITION FOR INTUBATION

· Barring cervical spine injury, pillow or pad to elevate the head approximately 10cm, thereby aligning the oral, pharyngeal, laryngeal axis. 

· Children have large heads – no need to use a pillow.

NASOTRACHEAL INTUBATION

Previously indicated for patients with cervical spine trauma. Rarely indicated because of increased time for placement and increased risk of bleeding.

Contraindications : Basal skull fracture (in which there is CSF otorrhea / rhinorrhea, Battle’s signs, raccoon eyes)

FLEXIBLE FIBEROPTIC INTUBATION

Expensive, fragile, requires experienced endoscopists, more time for placement of tube. Anesthetic technique should be planned in advance allowing sufficient time for induction of general aesthesia or topical anesthesia or IV sedation.

Primary reasons for failure for fiberoptic intubation

· Inexperience and insufficient planning 

· Considered after multiple, unsuccessful conventional tracheal intubation attempts have resulted in tissue trauma, edema, bleeding where anatomical landmarks are obscured. 

· Lens becomes foggy after several minutes of use

FIBEROPTIC INTUBATION LARYNGOSCOPES

· Improve the view of larynx

· Less head and cervical spine extension

ESOPHAGEAL TRACHEAL COMBITUBE (ETC)

The device is a double lumen tube that is introduced blindly into the mouth.  The device is designed to ventilate the lungs whether the distal end enters the esophagus or the trachea. Used successfully as an artificial airway during CPR. 

· Useful for those who lack expertise in conventional laryngoscopy

· Difficult airway

· Patients entrapped in unusual positions

Disadvantages

· Suctioning of trachea is impossible in the esophageal position

· Available in 2 sizes only (adults, small adults)

Complications

· Lasceration  to the pharynx / hypopharynx

· Esophageal / tracheal perforation

· Inability to provide adequate ventilation

Contraindications

· Presence of gag reflexes

· Central airway obstruction

· Ingestion of caustic substances

· Esophageal pathology

SURGICAL AIRWAY

CRICOTHYROTOMY  / TRACHEOSTOMY

Indications 

· Failed ET tube intubation

· Use of an esophageal tracheal combitube, Laryngeal Mask Airway-has failed 

· [image: image16.jpg]



· Foreign body obstruction                                                 

· Facial / laryngotracheal trauma

· Thermal injury – inhalation

· Caustic injury of the upper airway

· Angioneurotic edema

· Upper airway hemorrhage

· Epiglottitis

· Laryngotracheo bronchitis

Complications

· Damage to thyroid, cricoid cartilage and vocal cords resulting in chronic laryngeal stenosis, hoarseness.

· Pneumothroax – Postoperative X ray chest is mandatory

TRANSTRACHEAL JET VENTILATION (TTJV)

                                                          [image: image17.jpg]



· Life saving upto 10 years of age

· Has to be converted to surgical cricothyrotomy or tracheostomy

Complications

· Barotrauma

· Subcutaneous emphysema

ALTERNATIVE METHODS OF VENTILATION
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Laryngeal Mask Airway is a method of establishing a clear airway in unconscious patients. It is not intended as a long term airway but only to provide emergency oxygenation. 

Intubating Laryngeal Mask Airway is more useful in cervical spine injured patients.

Light Wand – malleable stylet with a light bulb at the leading end. The principle of the technique is to pass the tube directly through the glottis and in to the trachea using the maximal trans-illumination to confirm position of the tube.

AIRWAY MANAGEMENT IN CERVICAL SPINE INJURY

Primary objective when managing the airway of a patient with a potential CSI is to minimise movement of the neck while the airway is secured rapidly and efficiently.

Direct laryngoscopy and manual in-line neck stabilization

During normal direct laryngoscopy and oral intubation significant extension occurs between the occiput and C1 and between C1 & C2.  Manual in-line neck stabilization is provided by an assistant, who holds the patient’s mastoid processes firmly down, opposing the upward forces generated during laryngoscopy.

Gum Elastic bougie is an important adjunct during laryngoscopy in patients with suspected CSI.  By accepting a view of only arytenoids and using a gum elastic bougie for intubation, the laryngoscopist uses less force and minimises cervical spine movement.

Cricoid pressure for CSI patients may be applied by both hands technique to decrease the movement of spine during laryngoscopy and to provide better view of the glottis.  Disadvantages of cricoid pressure is that it can make laryngoscopy difficult and mask ventilation impossible.

Awake intubation has been advocated as the safest method of securing the airway in a patient with cervical spine injury.  Preservation of muscle tone provides protection and the spinal integrity can be monitored during airway manipulation. 

Laryngeal Mask Airway (LMA) and Intubating Laryngeal Mask Airway (ILMA) and Proseal Laryngeal Mask Airway can be inserted in neutral position, hence considered safe for cervical spine injured patients.  LMA & ILMA introduction have shown to cause a 2 mm displacement of C3 but it was less than conventional laryngoscopy. Neck stabilization makes insertion of LMA and ILMA difficult.

Surgical Airway Cricothyrotomy in an emergency situation results in 1-2 mm anteroposterior displacement and 1 mm axial compression.  In the patient with a cervical spine injury whereas the priority is to establish an airway care must be taken not to cause excessive neck movement.

HEMORRHAGIC SHOCK

DEFINITION

It is a pathophysiologic state triggered by the failure to adequately deliver oxygen to the cellular level and perpetuated by cellular response to ischemia.

PATHOPHYSIOLOGY
Early circulatory responses to blood loss are compensatory (i.e) progressive vasoconstriction of cutaneous, muscle and visceral circulation to preserve blood flow to kidneys, heart and brain.  The response to acute volume depletion is an increase in heart rate in an attempt to preserve cardiac output.  Release of endogenous catecholamines increases the peripheral vascular resistance.  This increases the diastolic blood pressure and reduces the pulse pressure. At the cellular level, there is a shift to anaerobic metabolism with formation of lactic acid which leads to the development of metabolic acidosis.  If the shock is prolonged and substrate delivery for generation of ATP is inadequate, the cellular membrane loses the ability to maintain its integrity and the normal electrical gradient.

REDUCTION IN BLOOD VOLUME
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THREE  WINDOWS TO THE MICROCIRCULATION

Manifestations of the adequacies of three regional micro circulations are observable in the early assessment of trauma patients.

Poor blood flow:

· To skin is immediately evident as cool, pale, sweating peripheries.


· To brain is manifested as altered consciousness (anxiety, confusion, and restlessness)

· To kidneys is observable as oliguria

Clincal indicators of poor blood flow

· Low blood pressure

· Tachycardia

· Decreased mentation 

· Cyanosis, pallor (or) peripheral hypothermia

· Delayed capillary refill

· Diminished urine output

· Acidosis

· Low (or) absent pulseoximeter signal.

Classification of hypovolemic shock according to blood loss: (ATLS)

	Parameters
	Class I
	Class II
	Class III
	Class IV

	Blood loss % ml
	>15  

750
	15-30

750 - 1500
	30-40

1500 -2000
	>40

>2000

	Blood pressure
	Normal
	Normal
	Decreased
	Decreased

	Pulse Rate
	<100
	>100
	>120 thready
	>140 very thready

	Capillary Refill
	Normal
	Slow
	> 2 sec
	Undetectable

	Respiratory Rate/ min
	14-20
	20-30
	30-40
	>35

	Urinary flow (ml/nr)
	>30
	20-30
	5-15
	Negligible

	Extremities (colour)
	Normal
	Pale
	Pale
	Ashen

	Temperature
	Warm 
	Cold
	Cold clammy
	Cold clammy

	Mental status
	Slightly anxious
	Mildly anxious
	Anxious, confused
	Confused, lathargic

	Fluid replacement (3:1)
	Crystalloids
	Crystalloids
	Crystalloids & Blood
	Crystalloids & blood


     Resuscitation of hypovolemic patient consists of

1. Adequate alveolar oxygenation

2. Control of hemorrhage.

3. Replacement of blood volume

4. Monitoring the effects of resuscitation

5. Relief of pain.

     Resuscitation of hypovolemic patient consists of

1      Adequate alveolar oxygenation

2.
Control of hemorrhage.

3.
Replacement of blood volume

4.
Monitoring the effects of resuscitation

5.
Relief of pain

1. Alveolar oxygenation
· Airway clearance

· Ventilate the patients who are in hypovolemic shock.

· Use 100% oxygen for patients with severe shock.

2. Control of hemorrhage

·   Isolated intracranial injuries do not cause shock.  Presence of shock in a patient 
with head injury should make one search for other causes of shock which may be  one of the big 5

THE BIG FIVE


External injury

· Identified by inspection.

· Controlled by local pressure.  Thoracic:

· Identified by primary survey and CXR.

· Controlled by intercostal tube insertion.

Pelvic

· Identified by pelvis X-ray.

· Usually self-limiting occasionally complex and severe, requiring pelvic ring 
       closure and angiographic embolisation.

Long bones

· Identified by clinical examination

· Traction splintage to control bleeding and to relieve pain.

Abdomen:    Temple of surprises
· Identified by clinical findings (or) exclusion of the other four of

'Big 5' is confirmed by DPL, FAST (or) Laparotomy and not by CT (or) Laparoscopy.

VASCULAR ACCESS IN TRAUMA
Several options for vascular access exist.

1. Percutaneous peripheral venous access

2. Venous cut downs.

3. Central venous access via the subclavian internal jugular (or) femoral veins and

4. Intraosseous infusions.

The American college of surgeons protocol for Advanced trauma life support recommends proceeding with attempting insertion of two percutaneous peripheral IV catheters before consideration of insertion of a central venous catheter (or) surgical venous cut down.

CATHETER LOCATION IN RELATION TO THE SITE OF INJURY
· Location of the injury must be considered when choosing a site for venous access. 

· Avoid venous access in injured limbs. 

· In-patients with injuries below the diaphragm at least one IV should be placed in a tributary of SVC because vascular disruption of the IVC mav be present.

· In-patients with upper thoracic and neck injuries, large bore access should be placed in lower extremity because SVC disruption may be present.

· In cases of severe multitrauma in which occult thoraco abdominal damage is suspected, it is recommended to have one IV access site above the diaphragm and one below the diaphragm thus accessing both the SVC and IVC respectively. 

· Cervical trauma is a relative contra indication for internal jugular placement unless access can be achieved with head and neck in a neutral position.

· When chest injury is suspected central venous catheter placement should be done on the ipsilateral side so that trauma to the uninjured lung can be avoided.

OPTIONS OF CRYSTALLOD SOLUTIONS

Crystalloids are divided into

· Isotonic

· Hypertonic

ISOTONIC SOLUTIONS

· Normal saline

· Ringer Lactate

They freely equilibrate through intra vascular and interstitial spaces but do not promote intracellular fluid shifts Advantages of these fiuids are, less expensive, availability and effective interstitial fluid deficit replacement.  Normal saline may cause hypernatremia and hyperchloremic metabolic acidosis.

HYPERTONIC SOLUTIONS
3% and 7.5% hypertonic saline are commonly used.  It restores the blood volume by maintaining a contracted interstitial space.  The fluid movement into the plasma volume by way of the osmotic effect of hypertonic solutions is from the Interstitial space rather than the intracellular space.

Advantages
· Lesser infusion volume 

· Positive inotropic effect 

· Direct vasodilatory effect. 

· It causes increase in mean arterial pressure (MAP) and cardiac output (CO) followed by peripheral vasodilatation with an increase in renal, mesentric total splanchnic and coronary blood flow.

Disadvantages
· Transient increases in blood pressure and vasodilatation may increase hemorrhage from open blood vessels.  Potential for hypernatremia and hyperchloremic metabolic acidosis.

3 for 1 Rule

lsotonic electrolyte solutions are used for initial resuscitation.  A rough guideline is to replace each ml of blood loss with 3ml of crystalloid fluid, thus allowing restitution of plasma volume lost into interstitial and intracellular spaces.

CRYSTALLOID ADMINISTRATION - CLINICAL PROBLEMS

· It reduces viscosity thereby enhancing bleeding from injured vessels

· It lowers the hematocrit and dilutes the clotting factors

· Resuscitation with large volume of cold crystalloids aggravates hypothermia  

· Impairment of Immune system is seen as a consequence of rapid boluses of crystalloids

OPTIONS OF COLLOIDS
1.
Hydroxy ethyl starch
Its a branched glucose polymer with variable molecular weight and clearance. Clearance rate. 46% of the dose cleared in 2 days and 64% in 8 days but detectable starch may be present as many as 17 weeks.  Recommended dose is 20ml/kg/d as a volume expander and doses in excess of > 20ml/kg results in coagulopathy.  It doesn't carry the risk of transmitting infectious diseases and has the lowest rate of anaphylactoid reactions.

2.
Albumin: 5% / 25% solution
Its a major serum protein accounting for 80% of plasma COP. lntravascular half life of albumin is 16 hrs.  Doses in excess of 20ml/ kg result in intravascular volume increases by more than the volume infused because the high COP draws in interstitial water.

3.
Dextran : Dextran 40 / Dextran 70
Mixtures of glucose polymers of various sizes and molecular weight. Duration and degree of volume expansion depends on amount, rate, molecular weight and rate of clearance.Oxygen delivery is improved by improvement in microcirulatory blood flow distribution resulting from lower blood viscosity secondary to rheologic effects.

4.
Gelatins: Haemmaccel, Gelofusine
Haemaccel does not impair coagulation and does not interfere with blood typing and is eliminated unchanged via kidney and intestine.

COLLOIDS VS CRYSTALLOIDS
	Trait
	Colloids
	Crystalloids

	Cost
	Relatively expensive
	Inexpensive

	Duration of action
	Several hours (or) more
	Short lived to few hours

	Urinary flow
	Decreased GFR
	Greater Urinary flow

	Infusion volume
	Less
	More

	Peripheral edema
	Minimal when capillaries intact
	Peripheral edema

	Effect on coagulation
	Platelet abnormality
	Dilutional thrombocytopenia factor dilution.


RESUSCITATION FLUID COMPARISONS

	Fluid 
	Advantages
	Disadvantages

	Packed red blood cells
	Best volume expansion

Best oxygen transport
	Needs cross-matching

Short shelf-life

Blood-borne pathogens risk

Dilutional coagulopathy with massive transfusions 

Immunosuppressive

	Isotonic crystalloids (NS, LR)
	Immediately available

Low cost
	Distribute rapidly into extracellular area

Take up a lot of storage space

	Hypertonic crystalloids
	Intravascular volume many times the volume infused

Easy transportable
	Increased heart rate

Increased heart contractility

Reduced peripheral vascular resistance

	Albumin 5%, 25%
	Naturally occurring colloid 

No risk of blood borne pathogens

Transport functions

Free radical savaging

Anticoagulant properties
	Expensive



	Dextran

6% dextran 70
	Naturally occurring
	Reduces platelet Adhesiveness


Adhesiveness

	10% dextran 40
	Reduced blood viscosity
	Enhances fibrinolysis

Increased bleeding above 1.5kg/kg

Association with acute renal

Failure

Mild anaphylactic reactions

	Hydroxyethnyl starch 

High
	Synthetic polymers 

Stays intravascular 24 hrs
	Degraded by amylase

Reduces factor VIII and von Willebrand

	Medium 

Low
	Intravascular 4-6 hrs

Intravascular less than 4 hrs

Minimal effect of coagulation

Anaphylactic reactions rare
	Above 20ml/kg/d

Coagulopathy in higher doses above 

33ml/kg/day for HES 200 /0.5

	Fractionated HES
	May be able to plug leaky capillaries
	

	Gelatin solutions (widely used in the UK)
	From bovine collagen

Intravascular for 2-3 hours 

Little effect on clotting formation
	Withdrawn by FDA in 1978 for anaphylactic reaction

	Oxygen therapeutic agents
	No cross match needed

Long shelf life

No viral contamination

Lower viscosity than blood

No immunosuppressive effects
	Short half-life

Limited substrate (human derived)

HES (bovine derived)

Oxygen unloading (PFCs)

Limited clinical trial experience


BLOOD REPLACEMENT
1. Packed Cells Vs Whole Blood Either whole blood (or) packed cells can be used to resuscitate the trauma patient.  However to maximise product availability most blood centers provide component therapy (PC, Platelets, FFP).  The main purpose of transfusing blood is to restore the oxygen carrying capacity of the intra vascular volume.  Volume resuscitation itself can be accomplished with crystalloids.

2. Cross match
Complete crossmatching process requires approximately 1 hour in most blood banks.  For patients who stabilize rapidly cross matched blood should be obtained and should be available for transfusion when indicated.

3. Type Specific
It is provided within 10 minutes.  It is preferred in patients who are transient responders.  Completion of cross matching should be performed by blood bank.

4. Type O Blood

Indicated in patients with exsanguinating hemorrhage.

5. Autotransfusion
Adaptations of standard tube thoracostomy collection devices, are available that allow sterile collection anticoagulation and retransfusion of shed blood

SHORT AND LONG TERM GOALS FOR RESUSCITATION

	Parameter 
	Shorterm
	Longterm

	Systolic blood pressure
	80-100mmHg
	>100mgHg

	Heart Rate
	<120bpm
	<100bpm

	Arterial pH
	>7.2
	Normal

	Hematocrit
	>25%
	>20%

	Serum Lactate
	<6
	Normal

	Urine Output
	>1.5ml/kg/hr
	>3 ml/kg/hr

	Pulmonary artery occlusion pressure
	Not usually measured
	>18mmHg

	Cardiac Index
	Not usually measured
	3 L /min/m2

	Oxygen delivery (DO2)
	Not usually measured
	600 ml/min/ m2

	Oxygen consumption (VO2)
	Not usually measured
	150ml/min/ m2

	Mixed-Venous Saturation (SVO2)
	Not usually measured
	70%


INTRAVENOUS FLUID REPLACEMENT IN HEMORRHAGIC SHOCK 

Class I

:
2.5L RL (or) 1 L Polygelatin

Class II

: 
1.5L RL + 1 L Polygelatin.

Class III         
: 
I L RL + 0.5 L Polygelatin + 1-1.5 L whole blood.

Class IV            :
0. I - 1 .5 L equal volume of concentrated Red cells + Polygelatin 




(or)


1 L RL + 1 Polygelatin + 2 L whole blood. 


(or)


2 L equal volume concentrated Red cells and polygelatin (or)


hetastarch.

RESPONSES TO FLUID RESUSCITATION

	
	Rapid response
	Transient response
	No response

	Vital Signs
	Return to normal
	Transient improvement

Recurrent of 3 BP & 1 HR
	Remain abnormal

	Estimated blood loss
	Minimal (10-20%)
	Moderate & ongoing (20-40%)
	Severe (>40%)

	Need for more crystalloids
	Low
	High
	High

	Need for blood
	Low
	Moderate to high
	Immediate

	Blood preparation
	Types & crossmatch
	Type specific
	Emergence blood release

	Need for operative intervention
	Possibly
	Likely
	High Likely


The Patient's response to initial fluid resuscitation is the key to determining subsequent therapy.

Rapid response
Patients in this group respond rapidly to the initial fluid bolus and remain hemodynamically normal when the initial fluid bolus has been completed and the fluids are slowed to maintenance rates.  Such patients usually have lost minimal (less than 20%) blood volume.  No further fluid bolus or immediate blood administration is indicated for this group of patients.  Type and cross matched blood should be kept available.  Surgical consultation and evaluation are necessary during initial assessment and treatment, as operative intervention may still be necessary.

Transient response
The second group of patients responds to the initial fluid bolus.  However, some patients begin to show deterioration of perfusion indices as the initial fluids are slowed to maintenance levels, indicating either an ongoing blood loss or inadequate resuscitation.  Most of these patients initially have lost an estimated 20% to 40% of their blood volume.  Continued fluid administration and initiation of blood transfusion are indicated.  The transient response to blood administration should identify patients who are still bleeding and require rapid surgical intervention.

Minimal or no response
Failure to respond to adequate crystalloid and blood administration in the emergency department dictates the need for immediate surgical intervention to control exsanguinating hemorrhage.  On very rare occasions, failure to respond may be due to pump failure as a result of blunt cardiac injury or cardiac tamponade.  The possible diagnosis of nonhemorrhagic shock always should be entertained in this group of patients.  Central venous pressure monitoring or emergent echocardiography helps differentiate between the various shock etiologies.

END POINTS OF RESUSCITATOIN
No single end point is sufficient by itself and any end point must be considered concurrently with other hemodynamic and metabolic vital signs.

How do we know when the patient has been adequately resuscitated?
Assessment of the adequacy of intravascular volume has been attempted by evaluating arterial blood pressure, peripheral pulses, mental status, urine output, pulse oximetry and capnography tracings.

Unfortunately normal heart rate, blood pressure and urine output may be inappropriate as resuscitation goals, not only because heart rate and blood pressure measurements may remain normal despite significant blood loss but also because they do not reflect the situation at a cellular metabolic level, that is, the degree of shock and direction of its trend.  More invasive monitoring like CVP, pulmonary artery occlusion pressure and arterial blood gas monitoring as therapeutic end points has also been questioned because mean values of these may be similar in surviving and non-surviving patients.

Monitoring perfusion related variables such as arteriovenous oxygen content difference, mixed venous pH or arterial base excess and flow related variables such as cardiac index, DO, and Oxygen consumption (VO2) can predict survival and help to assess the adequacy of resuscitation.  Lactate levels are a measure of anaerobic metabolism secondary to inadequate DO2.  The amount of lactate produced is believed to correlate with the total oxygen debt, the magnitude of hypoperfusion and thus the severity of shock.  Although initial lactate levels may not correlate with outcome, the ability to clear lactate to normal seems to predict adequate resuscitation. Gastric tonometry may have an important role in trauma resuscitation to help provide more definitive assessment of resuscitation to that point, as an indication of restoration of splanchnic blood flow.

Monitoring vital signs, urinary output, base deficit and serum lactate levels may be insensitive in detecting shock-invasive monitoring to measure CO, DO and VO2 to assess whether flow dependent consumption is present is not generally feasible during initial resuscitation. 

A minimally invasive technique that can be used during acute trauma is tissue oxygen monitoring.

Skeletal muscle blood flow decreases early in course of shock and is restored late during resuscitation making skeletal partial pressure of 02 (PO2,) a sensitive indicator of low flow. Subcutaneous tissues is an even more sensitive tissue bed.

END POINTS OF RESUSCITAION:
	Marker
	Desired Value
	Reliability
	Comments

	Lactate
	<2.5mmol / 1
	Correlates with survival in multiple animal and human studies
	Global markers

Easily measured

Lactate clearance is decreased in liver dysfunction or sepsis

	Base deficit
	-2 to+2 mmol/1
	
	

	Supranormal 

DO2 / VO2
	Cardiac index

> 4.5L/min/m2

DO2

>550 ml/ min/m2    

> 167 ml/ min/m2
	Survival improved in surgical patients when these values are maximised.
	Global markers

	Skeletal muscle PH, PCO2  PO2
	PH 7.2, PCO2  -50mmHg

PH 7.2, PCO2  -40mmHg (Critical  PO2  15mmHg threshold for


	New techniques

Animal studies promising seem to correlate in humans
	May be more sensitive systemic markers

Possible application for field use.


FLUID RESUSGTATION FOR TRAUMA PATIENTS IN 21st  CENTURY
Oxygen therapeutic agents

Ideal blood substitute would be disease free and have a long life. universal ABO compatibility and a similar oxygen carrying capacity.

Perfluro carbons
They are inert substances with linear oxygen unloading characteristics.

Fluosol - DA was shown to be ineffective in the treatment of severe anemia due to hemorrhage.

Perflubron is a second generation perflurocarbons appears to be a more effective transporter of oxygen.  This product emulsion viscosity is about 30%, thicker than blood, is stable up to 2 years refrigerated and has a body retention halftime of about 4 days (excretion by exhalation).  When inspired atmosphere contains 90-100% oxygen, this solution releases about twice the oxygen of the normal blood.  To date, perflubron emulsion has been administered to more than 300 subjects in five phase II clinical trials without serious adverse events.

Hemopure

Glutaraldehyde - polymelised bovine hemoglobin product
This bovine derived solution has reduced oxygen affinity (P5038mmHg as compared with 26mmHg for human hemoglobin) which promotes the unloading of oxygen.  It also has a markedly reduced viscosity similar to crystalloid solutions, about one third that of blood and can be stored at room temperature for 2 years.

Polyheme
A human polymerized hemoglobin based blood substitute has similiar oxygen transport and oncotic charcteristics to those of banked red cells and does not appear to cause pulmonary or systemic hypertension.  Polyheme is clearly a leader in both safety and volume of product approved for study at the present time.

Hemolink

A human red cell substitute that is Raffinose oligimeric hemoglobin.

Hemoglobin

Based red cell substitutes of three derivatives are currently being studied.

Human hemoglobin

Synthesised from outdated blood.The primary advantage is production from an extensively studied natural product.  The primary disadvantages is the limited amount of discarded blood for substrate.

Animalhemoglobin
It is inexpensive and potentially widely available.  However purification remains a concern as pathogenic transmission (bovine spongiform encephalitis) remains uncertain.

Recombinant hemoglobin
Synthesised from culture formation has a high associated cost and requires stringent purification methods.

SUMMARY
Fluid resuscitation with crystalloid and colloid solutions will always be a component of the treatment of traumatic hemorrhage. The question of the timing, rate, and volume of fluid administration needs to be addressed. Anaesthesia personnel can facilitate resuscitation efforts by instituting invasive monitoring.  (i.e., arterial line, pulmonary artery catheter) in the operating room and by monitoring and treating perfusion-related variables.  Being familiar with end points of resuscitation and making interventions as indicated may improve the outcome of patients following traumatic injury.  As we enter the next century, resuscitation medicine remains a field open to research to find the answers.

HEAD TRAUMA

INTRODUCTION:

Head injury constitutes one of the major public health problems.  10% of the patients die prior to reaching a hospital.  About 80% of head injured patients receiving medical attention can be categorized as mild, 10% as moderate and 10% as severe.  Central nervous system (CNS) trauma accounts for more than 40% mortality following road traffic accident (RTA).  Therefore, even a small reduction in the mortality and morbidity resulting from head injury should have a major impact on public health.

COMMON CAUSES OF HEAD INJURY:

· Road traffic accidents of all types

· Falls

· Assaults

· Sporting accidents

· Work place accidents

· Other mishaps.

PATHO PHYSIOLOGY:

Brain injury may be Primary or Secondary.  Primary Injury occurs at the time of head injury.  This takes the form of axonal shearing and disruption with associated areas of hemorrhage.  This primary damage may be wide spread (diffuse axonal injury) or localized (‘Contre Coup’ contusions).

Secondary injury occurs later and many are preventable or treatable and thus the focus during resuscitation.  These are hypoxia, hypovolemia leading to cerebral hypoperfusion, intracranial hematoma with localized pressure effects and generalized increase in intracranial oedema, hypercarbia, epileptic fits and infections.

THE ROLE OF INTRACRANIAL PRESSURE:

Normal ICP in the resting state is approximately 10mmHg.  Pressures greater than 20mmHg are considered clearly abnormal and pressures greater than 40mmHg are categorized as severe elevations.  Therefore higher the ICP following head injury, worse the outcome.

Once the skull sutures have fused, the cranium is a closed box.  Thus a relatively small increase in volume (swelling or hematoma) results in a large increase in ICP.  This is explain by “MONRO – KELLIE DOCTRINE” concept.  It simply states that the total volume of intracranial contents must remain constant.

INTRACRANIAL COMPENSATION FOR EXPANDING MASS
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The addition of mass such as a hematoma results in the squeezing out of an equal volume of CSF and venous blood, the ICP remains normal.  However, when this compensatory mechanism is exhausted, there is an exponential increase in ICP for even a small additional increase in the volume of the hematoma.

A normal ICP does not necessarily exclude a mass lesion.  Infact, the ICP is generally within normal limits until a patient reaches the point of decompensation and enters the exponential phase of the volume – pressure curve.
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CEREBRAL PERFUSION PRESSURE:

Cerebral Perfusion Pressure (CPP) is the mean arterial blood pressure minus intracranial pressure.

CPP = Mean Arterial Blood Pressure – ICP

Perfusion pressures of less than 70mmHg are generally associated with a poor outcome following head injury.  Maintaining cerebral perfusion is a very important step in the management of patients with severe head injury.

CEREBRAL BLOOD FLOW:

Normal cerebral blood flow (CBF) is approximately 50ml / 100mg of brain / minute.  Below a CBF of 20 to 25ml / 100g / minute, the EEG activity gradually disappears and at around 5ml / 100g / minute there is a cell death or irreversible damage.

The phenomenon of autoregulation tends to maintain a fairly constant CBF between mean blood pressures of 50 and 160mmHg, the CBF declines steeply, and above 160mmHg, there is passive dilatation of the cerebral vessels and an increase in CBF.  Autoregulation is often severely disturbed in the head-injured patient.

CLASSIFICATION OF HEAD INJURY:

Head injuries are classified in several ways.  For practical purposes, three descriptions are useful:  (1) Mechanism (2) Severity and  (3) Morphology.
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* Blunt                                                 *   High Velocity 

                                                                         (automobile collision)

                                                             *   Low Velocity (fall, assault)

* Penetrating                                        *  Gunshot wounds

                                                             *  Other Penetrating injuries
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*  Mild                                                  *  GCS Score 14 – 15

*  Moderate                                           *  GCS Score 9 – 13

*  Severe                                               *  GCS Score 3 - 8  
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*  Skull                       *  Vault              *  Linear vs stellate

    Fractures                                           *  Depressed / Non-depressed

                                                              *  Open / closed

                                   *  Basilar            *  With / without CSF leak

* With / without VIIth nerve palsy

*  Intracranial            *  Focal               *  Epidural

    Lesions                                              *  Subdural

*  Intracerebral

                                   *  Diffuse           *  Mild concussion

                                                              *  Classic concussion

                                                              *  Diffuse axonal injury            

 


GLASGOW COMA SCALE:

The Glasgow coma scale (GCS)  score is used to quantify neurologic findings and allows uniformity in description of patients with head injury.  The GCS score has even been adopted for the description of patients with altered levels of consciousness from other causes.

	Assessment Area
	Score

	Eve Opening (E)

Spontaneous 

To speech

To pain

None
	4

3

2

1



	Best Motor Response (M)

          Obeys commands

          Localizes pain

          Normal flexion (withdrawal)

          Abnormal flexon (decorticate)

          Extension (decerebrate)

         None (flaccid)
	6

5

4

3

2

1



	Verbal Response (V)

         Oriented

         Confused conversation

         Inappropriate words

         Incomprehensible sounds

         None 
	5

4

3

2

1


Approach To Examining Head Injuries:

Initial Assessment:      Primary Survey

Airway:
Compromise due to unstable facial fractures, bilateral # jaw, and GCS <8/15

Breathing:
Compromise due to aspiration (coma, gastric dilatation) Hypoxia due to any cause aggravates secondary brain injury.

Circulation:
Scalp wounds are a potent  cause of hemorrhage and hypotension.  Hypotension decreases cerebral perfusion and greatly aggravates secondary  brain injury.


Disability:  Assess pupil size, reaction, AVPU or Glasgow Coma Scale, and movement of all 4 limbs.

Exposure:
Maintain normothermia.

Adjuncts to Primary Survey:

Adequate monitoring ensures adequate cerebral oxygenation and perfusion.

Secondary Survey:

Examination of the head, face, throat and neck.

Glasgow Coma scale

Detailed neurological examination.

Examination of the Head, Face and neck:-

Start at the point.

· Eyebrows and forehead:  Lacerations in eyelids easily missed

· Scalp:  Palpated, cannot be visualized through hair.  Palpate laceration, feel for # skull.

· External Ears and Canal:  Inspect for CSF, blood, haemotympanum, perforation.

· Mastoids:  Inspect / Palpate for steps, bogginess.

· Cervical Spine:  Palpate for steps, bogginess.

· Throat:  Inspect  and palpate for laceration, especially penetrating platysma.  Palpate for surgical emphysema.  Palpate larynx for #.

· Jaw:  Inspect for occlusion (canines), trismus, steps, alveolar haematoma.  Palpate for #.

· Mouth:  Inspect for lacerations, damaged teeth.

· Facial bones:  Gently move alveolus, mid-face for stability.

Cheeks:  Palpate for sensation (Blow out # orbit)

· Nose:  Inspect for alignment, palpate for tenderness.

· Face:  Inspect for enophthalmos, sunken cheek, malalignment of nose

· Eyes:  Examine from outside inward.   Remove contact lenses.  Inspect for diplopia, visual acuity, visual fields.

INTERPRETATION OF PUPILLARY

FINDINGS IN HEAD – INJURED PATIENTS

	Pupil Size


	Light Response
	Interpretation

	Unilaterally dilated

Bilaterally dialated

Bilaterally constricted

Unilaterally constricted
	Sluggish or fixed

Sluggish or fixed

May be difficult to determine

Preserved carotid sheath injury.
	IIIrd nerve compression secondary to tentorial herniation.

Inadequate brain perfusion Bilateral IIIrd nerve palsy.

Drugs (opiates)

Metabolic encephalopathy

Pontine lesion

Injured sympathetic pathway, eg.




MANAGEMENT OF MILD HEAD INJURY

Definition:  Patient is awake and may be oriented (GCS 14 – 15)

History

*  Name, age, sex, race, occupation

* Subsequent level of alertness

*  Mechanism of Injury



* Amnesia:  Retrograde, ante grade

*  Time of injury




* Headache:  Mild, moderate, severe

*  Loss of consciousness



* Seizures


Immediately post injury

General examination to exclude systemic injuries

Limited neurologic examination

Cervical Spine and other x-rays as indicated

Blood – alcohol level and urine toxicology screen
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CT scan of the head is ideal in all patients except completely asymptomatic and neurologically normal patients.
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Observe in or Admit to Hospital


Discharge from Hospital

*  No CT scanner available



* Patient does not meet any of the









Criteria for admission

*  Abnormal CT scan




* Discuss need to return if any

Problems develop and issue a “warning sheet”.

*  All penetrating head injuries
* Schedule follow-up clinic   visit,   

Usually within 1 week.

*  History of loss of consciousness

*  Deteriorating level of consciousness

*  Moderate to severe headache

*  Significant alcohol / drug intoxication

*  Skull fracture

*  CSF leak rhinorrhea or otorrhea

*  Significant associated injuries

*  No reliable companion at home

*  Unable to return promptly

* Amnesia

*  History of loss of consciousness

MANAGEMENT OF MODERATE HEAD INJURY

Definition:  Patients may be confused or somnolent, but is still able to follow simple commands (GCS 9 – 13)

Initial examination

· Same as for mild head injury, plus baseline blood work

· CT scan of the head is obtained in all cases

· Admission for observation

After admission

· Frequent neurologic checks

· Follow-up CT scan if condition deteriorates or preferably before discharge.

If patient improve (90%)



If patient deteriorates (10%)

     *  Discharge when appropriate


     * If the patient stops following









Simple commands, repeat CT









Scan and manage per severe   

                






Head injury protocol.

· Follow-up in clinic






INITIAL MANAGEMENT OF SEVERE HEAD INJURY

Definition:  Patient is unable to follow even simple commands because of impaired consciousness (GCS 3 – 8)

Assessment and management

*  ABCDEs

*  Primary survey and resuscitation

*  Secondary survey and AMPLE history

*  Neurologic re-evaluation


*  Eye opening




* Pupillarylight reaction


*  Motor response







*  Verbal response

*  Therapeutic agents


*  Mannitol





* Anticonvulsant


*  Moderate hyperventilation

*  Diagnostic tests (in descending order of preference)


*  CT scan (all patients)


*  Air ventriculogram


*  Angiogram

INCIDENCE OF SYSTEMIC INJURIES   IN PATIENTS 

WITH HEAD INJURY

	TYPE OF INJURY
	INCIDENCE (%)



	Long-bone or pelvic fracture

Maxillary or  mandibular fracture

Major chest injury


	32

22

23


MEDICAL THERAPIES FOR HEAD INJURY:

INTRAVENOUS FLUIDS:

It is especially critical in head injured patients not to use hypotonic fluids.  Further more, the use of glucose containing fluids can result in hyperglycemia, which has been shown to be harmful to the injured brain.  Therefore, it is recommended that a solution of normal saline or Ringer’s lactate solution be used for resuscitation.

HYPERVENTILATION:

Hyperventilation acts by reducing PCO2 and causing cerebral vasoconstriction.  This reduction in intracranial volume helps reduce intracranial pressure.  Aggressive and prolonged hyperventilation can actually produce cerebral ischemia by causing severe cerebral vasoconstriction and thus impaired cerebral perfusion.  In general, it is preferable to keep the PCO2 at 30mmHg or above.  Levels between 25 – 30 mmHg are acceptable in the presence of raised intracranial pressure.

MANNITOL:

Mannitol is used widely to reduce intracranial pressure.  The preparation used commonly is a 20% solution.  The most widely accepted regimenis 1gm/kg administered intravenously as a bolus.  A clear indication for the use of mannitol is a comatose patient who initially has normal, reactive pupils, but then develops papillary dilation with or without hemiparesis.  Also indicated in patients with bilaterally dilated and non-reactive pupils who are not hypotensive.

FUROSEMIDE (LASIX):

This agent has used in combination with mannitol in the treatment of increased ICP.  Recommended dose is 0.3 to 0.5mg/kg given intravenously.

ANTICONVULSANTS:

Post  traumatic epilepsy occurs in about 5% of all patients with closed head injuries and in 15% of those with severe head injuries.

Diazepam or lorazepam may be used to control seizures acutely.  Phenobarbital or phenytoin are the agents usually employed in the acute phase and as prophylactic anticonvulsants.

SURGICAL MANAGEMENT:

SCALP WOUNDS:

It is important to shave the hair around and to clean thoroughly before suturing.  Bleeding from the deep scalp laceration usually can be controlled by direct pressure, cauterizing or ligating large vessels and then applying appropriate sutures.  A neurosurgeon should be consulted before the wound is closed in all cases with open or depressed skull fractures.

DEPRESSED SKULL FRACTUES:

A depressed skull fracture needs to be elevated if the degree of depression is greater than the thickness of the adjacent skull.

INTRACRANIAL MASS LESIONS:

If a neurosurgeon is not available in the facility initially receiving the patient with an intracranial mass lesion, early transfer of the patient to a hospital with a neurosurgeon is  essential.  Emergency burr holes may be considered if a surgeon, properly trained in the procedure is available.  The purpose of emergency burr holes is to preserve life by partially evacuating life threatening intracranial hematoma.
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Summary:
· In a comatose patient, secure and maintain the airway by endotracheal intubation.

· Moderately hyperventilate the patient to reverse hypercarbia, maintaining the Pco2 between 25 and 35mmHg (3.3 to 4.7 kPa)

· Treat shock aggressively and look for its cause.

· Resuscitate with normal saline, Ringer’s lactate solution, or similar isotonic solutions without dextrose.  Do not use hypotonic solution.

· Avoid both hypovolemia and overhydration.  The goal in resuscitating the head-injured patients is to achieve a euvolemic state.

· Exclude cervical spine injuries radiographically and clinically and obtain other radiographs as needed.

· Contact a neurosurgeon as early as possible – preferably even before the patient arrives in the emergency department.  If a neurosurgeon is not available at your facility, transfer all moderately or severely head-injured patients.

· Frequently reassess the patient’s neurological status.

THORACIC TRAUMA

INTRODUCTION

The overall mortality in thoracic trauma is 10% and many of them die after reaching the hospital and many of these lives can be saved with prompt diagnosis and treatment.

Most of these patients may be managed by procedures within the capabilities of doctors.
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INITIAL ASSESSMENT AND MANAGEMENT

Consists of

I. Primary Survey

II. Resuscitation of Vital Functions

III. Detailed Secondary Survey

IV. Definitive Care

· Hypoxia is the most serious feature of chest injury. 

· Early interventions are designed to prevent or correct hypoxia.

· Immediate life threatening injuries should be treated as quickly as possible.

PRIMARY SURVEY

During the primary survey, one should identify life-threatening injuries like

a. Tension pneumothorax

b. Open pneumothorax

c. Flail chest

d. Cardiac Tamponade

e. Massive haemothorax
a. Tension Pneumothorax 

A tension pneumothorax develops when a ‘one-way-valve’ air leak occurs either from the lung or through the chest wall.  Air is forced into the thoracic cavity without any means of escape, completely collapsing the affected lung.

The mediastinum and trachea are displaced to the opposite side, decreasing venous return and compressing the opposite lung. The most common cause of tension pneumothorax are mechanical ventilation with positive end-expiratory pressure and blunt chest trauma in which a parenchymal lung injury has failed to seal.  A significant amount of pneumothorax is associated with subclavian or internal jugular venous cannulation.

A tension pneumothorax is characterised by respiratory distress, tachycardia, hypotension, tracheal deviation, unilateral absence of breath sounds and distension of neck veins. Because of the similarity in their symptomatology, a tension pneumothorax initially may be confused with cardiac tamponade.  However tension pneumothorax can be differentiated by a hyper-resonant percussion note over the ipsilateral chest. 

Tension pneumothorax is treated by immediate decompression by inserting a needle in to the second intercostal space in the midclavicular line of the affected hemothorax. This maneuver converts the tension pneumothorax to a simple pneumothorax. 
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b. Open pneumothorax

Large defects of the chest wall which remain open to the atmosphere results in an open pneumothorax or a sucking chest wound. There is immediate equilibration between the intrathoracic pressure and atmospheric pressure and if the opening over the chest wall is approximately two-thirds the diameter of the trachea, air passes preferentially through the chest defect with each respiratory effort.

Management of an open pneumothorax is by promptly closing the defect with a sterile occlusive dressing, large enough to overlap the wound edges and taped securely on three sides.  This taped occlusive dressing on three sides provides a flutter-type valve effect.  As the patient breathes, the dressing is occlusively sucked over the wound, preventing air from entering.  When the patient exhales, the open end of the dressing allows air to escape.  A chest tube should be placed away from the wound as soon as possible. 
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c. Flail Chest

A flail chest occurs when a segment of the chest wall does not have bony continuity with the rest of the thoracic cage.  This usually results from trauma associated with multiple rib fractures.  The presence of a flail chest segment results in severe disruption of normal chest wall movements.   If there is injury to the underlying lung, it causes severe hypoxia.  It is the chest wall instability that leads to paradoxical motion of the chest wall with inspiration and expiration.  Associated pain with restricted chest wall movements and underlying lung injury contribute to patient’s hypoxia.  Palpation of abnormal respiratory movements and crepitus of rib and cartilage fracture aids diagnosis.  A good chest X-ray may show multiple rib fractures.  Arterial blood gases, suggesting respiratory failure with hypoxia also may aid in diagnosing flail chest.  

The definitive treatment is to re-expand the lung, ensure oxygenation as completely as possible, administer fluids judiciously and provide analgesia to improve ventilation. 
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d. Cardiac Tamponade

Most commonly results from penetrating injuries.  Blunt injuries also may cause the pericardium to fill with blood from the heart, great vessels or pericardial vessels. 

The human pericardial sac is a fixed fibrous structure and only a relatively small amount of blood is required to restrict the cardiac activity and interfere with cardiac filling.

The classic Beck’s triad is present in most cases of cardiac tamponade. The triad consists of venous pressure, elevation decline in arterial pressure and muffled heart sounds; the muffled heart tones may be difficult to assess in a noisy emergency department.  Distended neck veins caused by elevated central venous pressure, may be absent due to hypovolemia. Pulsus paradoxus, which is a decrease in systolic pressure during inspiration in excess of 10mmHg also may be absent in some patients. 

Pulseless Electrical Activity in the absence of hypovolemia and tension pneumothorax suggests cardiac tamponade.

The definitive treatment is pericardiocentesis via the sub xyphoid route.
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e. Massive hemothorax

Massive hemothorax results from a rapid accumulation of more than 1500ml of blood in the chest cavity.  It is commonly caused by a penetrating wound that disrupts the systemic or hilar vessels or by a blunt thoracic trauma.  The neck veins may be flat due to hypovolemia or distended due to mechanical effects of intrathoracic blood.  This condition should be suspected when shock is associated with absence of breath sounds and / or dullness to percussion.

Massive hemothorax is initially managed by the simultaneous restoration of blood volume and decompression of the chest cavity.  Large calibre intravenous lines and rapid crystalloid infusion are started.  A single chest tube is inserted at the level of the nipple anterior to the mid axillary line and rapid restoration of volume continues as decompression of the chest cavity is completed. [image: image27.jpg]



Potentially lethal chest injuries are identified in the secondary survey.
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The secondary survey requires further in-depth physical examination, arterial blood gas and electrocardiogram and an upright chest X-ray if patient condition permits. The chest X-ray should be examined for lung expansion, presence of fluid, widening of the mediastinum shift of the midline and fracture of ribs. 

The six potential lethal injuries that should be looked for are

i. Pulmonary contusion

ii. Myocardial contusion

iii. Aortic disruption

iv. Traumatic diaphragmatic rupture

v. Tracheobronchial disruption

vi. Esophageal disruption

These injuries are not obvious on initial physical examination.  Diagnosis requires a high index of suspicion.  They are most often missed rather than diagnosed during the immediate post traumatic period. However if these injuries are overlooked lives may be lost.

Pulmonary contusion

Pulmonary contusion usually leads to respiratory failure that may be subtle initially and progress instantaneously.  Thus the patient warrants careful monitoring and re-evaluation. 

Patients with significant hypoxia should be intubated and ventilated within the first hour or injury. Associated conditions like chronic pulmonary disease and renal failure predispose to early intubation.

Myocardial contusion

Myocardial contusion although difficult to diagnose is another potentially lethal injury. The diagnosis is established by abnormalities on the electrocardiogram, two-dimensional electrocardiogrphy and associated history of injury.  Multiple premature ventricular contractions, unexplained sinus tachycardia, atrial fibrillation, bundle branch block and ST segment changes are the most common electrocardiographic findings. Patients with myocardial contusion are at risk of sudden dysarrythmias. They should be admitted to the critical care unit for close observation and monitoring. 
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TRAUMATIC AORTIC RUPTURE

Traumatic aortic rupture is a common cause of sudden death after an automobile collision or a fall from a great height.  For survivors, salvage is frequently possible if aortic rupture is identified and treated early.  Patients who are potentially salvageable, tend to have a laceration near the ligamentum arteriosum of the aorta.  Blood may escape into the mediastinum, but one characteristic shared by all survivors is that, this is a contained hematoma.

Specific signs and symptoms are frequently absent.  A high index of suspicion triggered by a history or decelerating force and characteristic radiological findings followed by an arteriography are the means of making a diagnosis. 

The adjunctive radiographic signs which, indicate the likelihood of major vascular injury in the chest include

1. Widened mediastinum

2. Fracture of first and second ribs

3. Obliteration of aortic knob

4. Deviation of trachea to right

5. Presence of pleural cap

6. Elevation and rightward shift of the right mainstem bronchus

7. Depression of left mainstem bronchus

8. Obliteration of space between pulmonary artery and aorta.  

9. Deviation of esophagus (nasogastric tube) to right

The treatment is either direct repair of the aorta or resection of the injured area and grafting.


SUMMARY

Thoracic trauma is common in the multiple injured patient and can be associated with life-threatening problems. These patients can usually be treated or their conditions temporarily relieved by relatively simple measures such as intubation, ventilation, tube throracotomy and needle pericardiocentesis.  The ability to recognise these important injuries and the skill to perform the necessary procedures can be life saving. 

Abdominal Trauma

Chapter 1: Introduction
Background:
Unrecognized abdominal injury remains a distressingly frequent cause of preventable death after trauma. Identification of serious intrabdominal pathology often is challenging. Peritoneal signs are often subtle overshadowed by pain from associated extrabdominal trauma masked by head injury or intoxication. Many abdominal injuries may not manifest during the initial assessment and treatment period. One should have a high index of suspicion when patient presents following significant deceleration injury or penetrating torso wound.

Pathophysiology:
Blunt injury abdomen
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Injury to intraabdominal structures can be classified into two primary mechanisms of injury-compression forces and deceleration forces. Compression forces may result from direct blow or external compression against a fixed object. Most commonly, these crushing forces cause tears and subcapsular hematomas to solid viscera. These forces also may deform hollow organs and transiently increase intraluminal pressure, resulting in rupture.

Deceleration forces causes stretching and linear shearing between relatively fixed and free objects. These longitudinal shearing forces tend to rupture supporting structures at the junction between the free and fixed segments. Classic deceleration injuries include hepatic tear along the ligamentum teres and intimal injuries to renal arteries. As bowel loops travel from their mesenteric attachments, thrombosis and mesenteric tears, with resultant splanchnic vessel injuries, can result.

The liver and spleen seem the most frequently injured organs followed by small and large intestines. 

Penetrating injury abdomen
Penetrating injuries or stab wounds to the abdomen are caused by a wide variety of instruments, including but not limited to knives, high and low-velocity projectiles, ice picks, and industrial implements. Each class of instrument is associated with a different injury pattern.

In general stab wounds cause injury in the direct path of the offending implement, although only 33% of the stab wounds penetrate the peritoneal envelop. Only 50% of peritoneal violations require surgical intervention. Anatomic site, number of wounds, type and size of weapon, and the wound angle are important consideration. Determination of the likely implement path and whether the peritoneum was violated is crucial.

The most commonly injured organs associated with penetrating injuries are the small bowel, liver and the colon.

Chapter 2: Assessment
“THE PRIMARY FACTOR IN ASSESSING ABDOMINAL TRAUMA IS NOT THE ACCURATE DIAGNOSIS OF A SPECIFIC TYPE OF INJURY, BUT RATHER THE DETERMINATION THAT AN ABDOMINAL INJURY EXISTS”

History
· Initially, evaluation and resuscitation simultaneously occur.

· In general, do not obtain a detailed history until life-threatening injuries have been identified and therapy has been initiated. The patient, if conscious, is best prepared to provide most of this information. However, the bystanders, paramedics and police may provide critical insight into timing, mechanisms, initial patient presentation, and response to treatment etc.

AMPLE is often useful as mnemonics for remembering key elements of the history
· Allergy
· Medications
· Past medical history
· Last meal or other intake
· Events leading to presentation
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Physical Examination
· The abdominal examination should be conducted in a meticulous, systematic fashion in the standard sequence; i.e., inspection, auscultation, percussion and palpation.

· After appropriate primary survey and initiation of resuscitation, focus attention on secondary survey of the abdomen.

· For life threatening injuries requiring emergency survey, delay comprehensive secondary survey until the patient has been stabilized.

· Frequent serial examinations, in conjunction with the appropriate diagnostic studies, are essential in any patient with significant mechanism of injury.

Inspection
· Patient must be fully undressed

· The anterior and posterior abdomen as well as the lower chest and perineum should be inspected for abrasions, contusions, lacerations and penetrating wound.

· Patient may be cautious logrolled to facilitate complete examination.

· Note injury patterns that predict the potential for intraabdominal trauma (e.g. steering wheel-shaped contusions). 

Auscultation
· Auscultate for the presence or absence of bowel sounds

· Free intraperitoneal blood or enteric contents may produce ileus, resulting in loss of bowel sounds. However, ileus also may occur from extra-abdominal injuries, i.e., rib, spine, and pelvic fractures.

Percussion
· Percussion is done primarily to elicit rebound tenderness

Palpation
· Abdomen is palpated carefully while assessing the patient’s response. Note abnormal masses, tenderness and deformities.

· Fullness and doughy consistency may indicate intraabdomnal hemorrhage. 

Rectal examination
· Digital examination is done to search for blood that may indicate bowel perforation and to ascertain sphincter tone to assess spinal integrity. The rectal wall also should be palpated to detect fractured bony elements and prostate position. A high-riding prostate may indicate posterior urethral disruption.

Vaginal examination
· Vaginal examination is done to look for laceration from penetrating wounds or bony fragments from pelvic fracture.

Penile examination
· Uretheral laceration should be suspected if blood is present at the uretheral meatus.

A positive physical examination is the most reliable clinical sign of significant intra-abdominal trauma. Conversely, a negative physical examination does not preclude significant intra-abdominal injury. 

Intubation
Nasogastric tube
· The primary goal of Nasogastric tube is to reducing gastric volume, pressure and the risk of aspiration gastric contents.

· The presence of blood in the aspirate may suggest upper gastrointestinal injury.

· If severe facial fracture exist, nasogastric tube should not be inserted to prevent unintentional intracranial insertion through the cribriform plate fracture.

Bladder catheter
· Cathetrisation decompresses the bladder

· Allows monitoring of urine output

· Hematuria is an important sign of genitourinary trauma

· High riding prostates on per rectal examination, blood at the urethral meatus or scrotal hematoma are contraindication to placing a transurethral bladder catheter.

Investigations
Blood sampling
· Blood should be withdrawn from one of the initial venous access sites and sent to the laboratory for immediate analysis.

· Blood evaluation include

· Complete Haemogram

· Glucose

· Serum amylase

· Urea

· Creatinine

· Blood typing and crossmatching in severely inured patients

· Urine analysis

· In our Institution we routinely perform Hepatitis B surface antigen and HIV

Imaging studies
Screening roentgenograms
· Screening X-rays must be tailored to the patient’s overall status as well as injury mechanism

· Cervical spine, anteroposterior chest, and pelvis films take precedence in multisystem blunt trauma.

· Abdominal film may be helpful

· Free air under diaphragm or extraluminal air in the retroperitoneum signals hollow visceral disruption

· Loss of psoas shadow may suggest retroperitoneal injury.

· May show bony injuries associated with abdominal injuries

Associate Bony Injuries


Bony injuries




Associated Injuries

Lower rib fracture



Liver and / or spleen

Lower thoracic spine injury


Pancreas, small bowel

Lumbar transverse process fracture
Abdominal viscera, kidney

Pelvic fracture



Pelvic organ or vessel








Retropeirtoneal

Special Diagnostic Studies


Focused abdominal sonogram for trauma (FAST)


· Bedside ultrasound in the form of focused abdominal sonogram for trauma (FAST) consists of visualization of the pericardium (from a subxiphoid splenorenal and the hepatorenal spaces (i.e. Morison pouch), the paracolic gutters, and pouch of Douglas in the pelvis. 

· Fast is indicated in the patient who has sustained blunt abdominal trauma who may or may not be haemodynamically unstable. Ultrasound is poor at identifying and grading solid organ injury, bowel injury and retroperitoneal trauma. The FAST examination is directed purely at detecting free intra-peritoneal fluid or the presence of cardiac tamponade.

· The sensitivity of solid organ injury is moderate in most studies. Hollow viscus injury rarely is identified, however free fluid may be visualised in these cases. 

· As a decision making tool for identifying the need for lapartomy in hypotensive patients (systolic BP<90), FAST as a sensitivity of 100%, specificity of 96% and negative predictive value of 100%.

· Ultrasound is less good at detecting solid organ injury with sensitivities ranging from 44 to 99% and negative predictive value of 0.72 to 0.99.

· As ultrasound becomes more widespread, conflicts have developed over who should be performing the ultrasonography. Radiologist, surgeons and the emergency physicians all want to be credentialled in emergency ultrasound. The primary requisites of the sonographer are that they are competent, present during the acute phase of trauma resuscitation, and are able to repeat the FAST scan as required.   




· In hameodynamically stable patients where physical examination of the abdomen is inadequate or compromised, a negative FAST will exclude significant intraperitoneal fluid collections. Sequential ultrasound may be required in some patients to detect late presentation of intraabdominal injury.

Computerized tomography
· CT scan should be performed only on stable patients in whom there is no apparent indication for immediate operation.

· CT should be performed using IV and oral contrast.

· CT scan provides information relative to specific organ injury and its extent, and also can diagnose retroperitoneal and pelvic organ injuries, which are difficult to assess by a physical examination or peritoneal lavage.

· CT may miss some gastrointestinal injuries. In the absence of liver or splenic injuries, the presence of free fluid in the abdominal cavity suggests an injury to the gastrointestinal tract and or/ its mesentry, and mandates early surgical intervention.

· The drawbacks of CT scanning relate to the need to transport the patient from the trauma resuscitation area and the additional time required to perform.

Diagnostic peritoneal lavage
· DPL is used as a method of rapidly determining the presence of intraperitoneal blood. DPL is particularly useful if the history and abdominal examination of a patient who is unstable and has multisystem injuries is either unreliable or equivocal. 

· DPL also is useful in whom serial abdominal examination cannot be performed (e.g. patient in operating room during emergent neurosurgical or orthopedic procedures)

· The only absolute contraindication to the procedure is an existing indication for lapartomy. Relative contraindications of a DPL include

· Previous abdominal surgery

· Morbid obesity

· Advanced cirrhosis

· Established preexisting coagulopathy



Fig A. showing the land marks for performing DPL


Fig B. showing the technique of performing DPL

Complications of DPL

· Hemorrhage, secondary to injection of local anesthetic, incision of the skin, or subcutaneous tissues providing a false-positive study

· Peritonitis due to intestinal perforation from the catheter

· Laceration of urinary bladder

· Injury to other abdominal and retroperitoneal structures requiring operative care

· Wound infection at the lavage site

CONTRAST STUDIES
Urethrography

· Urethrography should be performed before inserting an indwelling urinary catheter when a urethral tear is suspected. The urethrogram can be performed with a #12-french urinary catheter secured in the meatal fossa by balloon inflation to three milliliters. Undiluted contrast material is instilled with gentle pressure.

Cystography

· Bladder rupture is established with a gravity flow cystogram. A bulb syringe attached to the indwelling bladder catheter is held 15cm above the patient, and 250 to 300ml of water-soluble contrast is allowed to flow into the bladder. Anteroposterior, oblique, and postdrainage views are essential to definitely exclude injury.

Excretory urogram

· An IVP may be valuable in initial renal evaluation. High-dose intravenous bolus injection should provide evidence of relative kidney function at 5 to 10 minutes. Unilateral nonfunction implies massive parenchymal shattering or vascular pedicle interruption, but may be due to an absent kidney. Nonfunction warrants further surgical evaluation.

· In stable patient, CT is preferable to IVP.

Gastrointestinal

· Isolated retroperitoneal gastrointestinal injuries i.e. Duodenum, ascending colon and descending colon and rectum may not manifest peritoneal signs or abnormalities on DPL. When these injuries are suspected, specific upper and lower gastrointestinal contrast studies may identify them.
 Indications for Laparotomy

Chapter: 5 Management of specific injuries
Diaphragmatic injury
· Diaphragmatic injury is more common following penetrating trauma than blunt trauma.

· Blunt tears may occur in any portion of either diaphragm and may involve the pericardium

· The most common injury is 5 to 10cm in length, involving the posterolateral left hemidiaphragm

· The right diaphragm is protected by the liver hence injury is less common

· Initial chest x-rays may not clearly identify a diaphragmatic injury. Sequential films or additional studies may be required

· Evaluation of Chest X-ray may show

· Elevation of the diaphragm( may rise to fourth intercoastal space with full expiration)

· Poor identification (irregular or obscure) due to overlying fluid or soft tissue masses

· Mass-like density above the diaphragm may be due to fluid-filled bowel, omentum, liver, kidney, spleen or pancreas (may appear as loculated pneumothorax)

· Air or contrast-containing stomach or bowel above the diaphragm

· Contralateral mediastinal shift

· Widening of the cardiac silhouette if the peritoneal contents herniate into the pericardial sac

· Pleural effusion

· Ultrasonography may identify the herniation of the abdominal contents

· Diaphragmatic laceration should be repaired with interrupted, non-absorbable, mattress sutures

· Large diaphragmatic defects require the use of a prosthetic mesh to bridge them

· After repair tube thoracostomy of the affected side should be performed to drain introthoracic fluid and to obtain full re-expansion of the lung

· A formal throaco-abdominal approach may be necessary for repair of diaphragmatic injuries recognized latter (i.e. Chronic rupture)

Stomach 

· Gastric rupture secondary to blunt trauma is uncommon

· Most full thickness gastric injury is due to penetrating trauma

· Diagnosis

· Chest X-ray – Gas under the diaphragm

· Ultrasonography – Free fluid

· CT scan with oral contrast – delineate the defect

· Stomach wounds can usually be debrided and safely closed primarily

· More severe trauma may require resection with re-establishment of  continuity of the bowel depending on the site and extend of the injury

Duodenum
· About 75% of duodenal injuries result from penetrating trauma, and 25% from blunt injuries.

· Duodenal rupture is classically encountered in the intoxicated, unrestrained drive involved in a frontal-impact motor vehicular accident or by a blow to the abdomen by bicycle handlebars

· Duodenal injuries though uncommon, are associated with a high morbidity and mortality due to delay in their diagnosis and management after blunt trauma.

· A bloody nasogastric aspirate or retroperitoneal air should raise one’s suspicion. Water soluble contrast studies of duodenal c loop or double contrast CT is indicated for the high risk patient


· Most simple duodenal wounds can be closed primarily

· More extensive injuries may be managed by using a variety of techniques

· Closure of the injury with a tube duodenostomy

· Decompression through a separate incision proximal to the injury

· Omental or serosal patch

· Gastroenterostomy

· Duodenal diverticulization is described for combined pancreatico-duodenal injuries and includes

· Repair of the injury

· Oversewing of the duodenal stump with insertion of a tube duodenostomy

· Insertion of a T-tube in the common bile duct and institution of external drainage

· The most common complications are

· Duodenal fistula

· Dehiscence of repair with intraabdominal sepsis

Pancreas
· Pancreatic injury most often results from a direct epigastric blow compressing the organ against the vertebral column.
· A normal amylase level does not exclude major pancreatic trauma; conversely, the amylase level may be elevated from nonpancreatic sources.
· Even double-contrast CT may not identify significant pancreatic trauma in the immediate postinjury period
· If pancreatic trauma is found, it is important to assess the integrity of the pancreatic duct by on table- pancreaticography
· Surgical options
· Distal parenchymal injuries – drainage of the lesser sac using sump or closed suction drains
· In stable patients, severe injuries of the body and tail as well as ductal injuries are managed by distal pancreatectomy
· Injuries of the head of the pancreas that do not involve the duct, adjacent vessels, ducts or organs are managed by appropriate surgical drainage
· Pacreaticoduodenal resections is indicated for
· Proximal pancreatic duct injury
· Injuries of the head of pancreas involving the ampulla or the distal bile duct that preclude reconstruction
· Combined devascularization injuries to the pancreas and duodenum
· The postoperative course is often difficult and the most common complications are
· Intraabdominal sepsis
· Pancreatic fistula
· Duodenal fistula
Genitourinary
· Following are markers of potential underlying renal injury
· Back or flank contusions, hematomas or ecchymosis
· Fractures of posterior lower ribs
· Fractures of spinal transverse processes
· Following are markers of potential underlying bladder and/or uretheral injury
· Perineal hematoma
· Anterior pelvic fractures
· Blood at the urethral meatus
· Inability to void urine
· Urethral disruptions are divided into those above (posterior) or below (anterior) the urogenital diaphragm
· Posterior urethral trauma usually occurs in patients with multisystem injuries and pelvic fracture.
· Anterior urethral injury is due to straddle impact and may be isolated injury
· Early operative intervention is necessary for
· Non-functioning kidney
· Profuse haemorrhage
· Injuries to renal pedicle injury carry the greatest morbidity
· Intraperitoneal rupture of the bladder must be repaired in two layers and suprapubic or urethral drainage maintained post-operatively
· Extraperitoneal rupture may be treated effectively with bladder drainage alone
Small bowel
· Blunt injury to the intestines generally results from sudden deceleration with subsequent tearing near a fixed point of attachment.

· Diagnosis may be difficult, especially since minimal bleeding may result from torn intestinal organs. CT is often not diagnostic

· Intestinal injuries include

· Bruises

· Incisions

· Lacerations

· Perforations

· Mesenteric tears

· Occasionally, vascular injury at the root of the mesentry

· Simple injuries are closed primarily

· Multiple perforations, mesenteric lacerations or a segment of non-viable bowel would require resection and anastomosis

Colon
· Common in deceleration or compression injury
· Primary repair or resection and anastomosis is the procedure of choice. However defunctioning colostomy is safer in the following situation
· Unstable patient
· Gross fecal contamination
· Delay to surgery of more than 8 hours
· More than two intra-abdominal organ systems injured
· High-velocity missile wound
· Bomb blast to abdomen
Rectum
· More common with penetrating injuries to the rectum.
· Generally rectal injury above the peritoneal reflection can be primary closed or resection and anastomosis done
· Rectal injury below the peritoneal reflection would require defunctioning colostomy , drainage of the presacral space and irrigation of the distal segment of the bowel
Spleen
· Spleen in the most common solid organ injured in blunt abdominal trauma
· If the damage is minimal salvage procedure can be done i.e. Partial splenctomy, mesh splenorrhaphy
· Superficial capsular and parenchymal lacerations are controlled by pressure, packing, electrocautery or suture.
· When parenchymal injury is more severe and haemorrhage is continuing and if there is hameodynamic instability or associated major injury, splenectomy is the favored treatment
· After splenectomy, patients should be treated with antibiotics during convalescence and should be given polyvalent pneumococcal vaccine before discharge
· Non operative management of splenic trauma should be pursued only if there is
· Absolute hemodynamic stability
· Minimal abdominal physical indication
· A blood transfusion requirement of less than 2 units
Liver
· Following penetrating trauma, the liver is the organ most commonly injured

· Most trauma units prefer non-operative management of liver injury. Studies have shown there is significant lower transfusion requirement in non-operative group when compared to operative group.

· Unstable patient require emergency laparotomy

· Operative management of liver injury include

· Gauze packing

· Omental packing

· Resectional debridment

· Mass liver suture

· Hepatic artery ligation

· Total hepatic isolation

· Atriocaval shunt

Summary
Management of blunt and penetrating trauma to the abdomen includes:

1. Re-establishing vital functions and optimizing oxygenation and tissue perfusion

2. Delineating the injury mechanism

3. Maintaining a high index of suspicion related to occult vascular and retroperitoneal injuries

4. Repeated meticulous physical examination, by the same surgeon assessing for changes

5. Selecting special diagnostic maneuvers as needed, performed with a minimal loss of time

6. Early recognition for surgical intervention and prompt laparotomy

PELVIC & EXTREMITY INURIES

Pelvis and extremity injuries can lead to severe catastrophic consequences if not attended early.  It is vital that the problems are anticipated and prepared for, rather than reacted to.  If the patient deteriorates at any stage, the trauma team should reassess the patient beginning again with the airway. 

PRIMARY SURVEY & RESUSCITATION


A
Airway and cervical spine control


B
Breathing


C
Circulation with hemorrhage control


D
Dysfunction of the Central Nervous System


E
Exposure and environmental control

SECONDARY SURVEY


Definitive care

PRIMARY SURVEY

Having assessed the patient’s breathing, two wide bore peripheral lines must be inserted irrespective of the patients initial hemodynamic status. This is because a patient who is stable on admission, can suddenly collapse at any time due to occult bleed / injury.  Once the first cannula is in position, 20 ml  of blood should be drawn for group, type or full cross match and lab investigations like BUN, Creatinine, Electrolytes, Hemoglobin.  Approximate blood loss is assessed and fluids (colloid 1:1, crystalloid 3:1) should be given appropriately. If hypothermia is present, all fluids should be warmed.  While these procedures are in progress another team member should control major bleeding with direct pressure and early splinting.  Torniquets should never be used unless the limb is deemed unsalvageable.

Appropriate splinting controls hemorrhage by reducing movement and enhancing tamponade effect.

Estimated blood loss caused by fractures

	SITE OF FRACTURE
	BLOOD LOSS  (litre)

	Humerus
	0.5 – 1.5 

	Tibia
	0.5 – 1.5 

	Femur 
	1.0 – 2.5 

	Pelvis
	1.0 – 4.0

	For open fracture the loss is two to three times greater


If the fracture is open, don’t reduce or push the bony fragments inside the wound, but application of sterile pad and pressure to control hemorrhage is necessary. 

“Application of splints should be done as soon as possible but they must not take precedence over the resuscitation“. 

CNS function during the primary survey is assessed by AVPU scale. Then the patient must be completely undressed.  Assessment should begin by comparing the injured limb with the uninjured limb. Observe attitude of limb; shortening and rotational abnormalities indicates proximal fracture and dislocations, angular deformities may be visible or palpable. Clearly examine all the limbs for fracture dislocation.  Gently palpate for crepitus, tenderness and joint movement. Unconscious patients may show only subtle signs. 

Evaluation of secondary survey is not started until the primary survey is over and the life-threatening injuries are treated.

LIFE THREATENING INJURIES

1. Traumatic amputation

2. Massive vascular injury

3. Pelvic fracture disruption

4. Hemorrhage from open fractures

5. Multiple long bone fractures

6. Severe crush injuries

SECONDARY SURVEY

Careful examination is complemented by suspicion raised by knowledge of the mechanism of injury,  information on which may be available from the attendants present at the scene of  accident.

MECHANISM OF INJURY

Important information to obtain about automobile collisions includes seat belt usage, steering wheel deformation, direction of impact, damage to the automobile in terms of major deformation or intrusion to the passenger compartment and ejection of the passenger form the vehicle.  Ejection from the vehicle carries a high risk of serious injury.

Certain injury patterns are common. For instance, a direct blow to the knee in a seated occupant of a car may not only produce knee injury and femoral fracture but it is commonly associated with hip dislocation or fracture of the acetabulum.  A victim falling from a height and landing on his or her feet may sustain compression fractures of the calcaneum, ankle, tibial plates and one or more vertebrae at the thoracolumbar junction in the lower cervical spine. 

AMPLE history is very important to determine the baseline condition of the patient

A  -    Allergies

M  -   Medications including ingestion of alcohol

P   -   Past medical history / previous musculoskeletal injury / pregnancy /
exercise tolerance

L   -   Last meal 

E   -   Events and exposure to extremes of temperature / toxic fumes / agents 


                  Broken glass fragments, blood pool at the scene Source of bacterial contamination

In secondary survey the limb threatening injuries are identified and treated. 

PREHOSPITAL OBSERVATIONS AND CARE

Findings at the incident site that may help the doctor identify potential injures include 

1. the position in which the patient was found

2. bleeding or pooling of blood at the scene and the estimated amount

3. bone or fracture ends that may have been exposed

4. open wounds in proximity to obvious or suspected fractures

5. obvious deformity or dislocation

6. presence or absence  of motor and / or sensory function in each extremity 

7. delays in extrication procedures or transport.  

Time of injury should be noted, especially if there is ongoing bleeding and delay in reaching the hospital.

Prehospital observations and care must be reported and documented.  Other information that may be important includes

HEAD TO TOE EXAMINATION

Examination of cervical spine – chest including clavicle

· Upper limbs

· Dorsal spines

· Pelvis

· Lower limbs

EXAMINATION OF SPINE BY LOG ROLL

· Look for evidence of deformity, tenderness, interspine distance

· Thorough neurological examination is done

LIMBS

Look for color / wounds



Deformity – angulation



Length

Feel for tenderness, temperature for vascularity

Do not elicit abnormal movements and crepitus as it can aggregate bleeding / pain and soft tissue damage. Active movements suggest intact bone / joints, nerves and muscle-tendon continuity.

NEUROLOGICAL ASSESSMENT  

Done by looking for any sensory deficit.  Evidence of motor weakness is elicited by asking the patient to move his fingers and toes.

VASCULAR INJURIES

It is extremely important to recognize a vascular injury and restore blood supply within 6-8 hours.  Time is of essence as failure to recognise this condition can lead to loss of limb. 

Look for color, temperature, capillary refill and distal pulses.

PELVIS

Pelvis is examined for deformity tenderness. Compression and distraction of the pelvis is done to rule out any instability and is to be done only once.

As the patient is being resuscitated take care of the local wounds. Cover the wound and apply direct pressure to stop bleeding. Never reduce open fractures. Splintage is mandatory for all fractures and dislocations prior to investigations.  Tourniquet should never be applied unless the limb is deemed unsalvageable.

X rays 

· Guided by clinical findings

· If the patient is hemodynamically normal, an X ray should be obtained in the secondary survey

· The only reason for not obtaining X-ray prior to treatment of a dislocation or a fracture is related to a vascular compromise or impending skin breakdown

· X ray should include a joint above and below the region of the suspected fracture

· Always obtain two views (right angles to each other).

POTENTIALLY LIFE THREATENING EXTREMITY INJURY

Assessment 

Major pelvic hemorrhage occurs rapidly and the diagnosis must be made quickly to initiate appropriate resuscitative treatment. Unexplained hypotension may be the only initial indication of major pelvic disruption with instability in the posterior ligamentous complex.  The most important physical signs are, flank, scrotal or perineal swelling which progress with time and bruising. This may be associated with failure to respond to initial fluid resuscitation. Open fracture wounds above the pelvis (especially if the open area is in the perineum, rectum, or buttocks), a high-riding prostate gland, blood at the urethral meatus, and demonstrable mechanical instability are signs of unstable pelvic ring injury.

1. PELVIC FRACTURE DISRUPTION

· Identify the mechanism of injury, which can suggest the possibility of a pelvic fracture, eg, ejection from a motor vehicle, crush injury, pedestrian struck by moving vehicle, motorcycle collision. 

· Inspect the pelvic area for ecchymosis, perineal or scrotal hematoma, or blood at the uretheral meatus.

· Inspect the legs for differences in length or asymmetry in rotation of the hips.

· Perform a rectal examination, noting the position and mobility of the prostate, any palpable fracture or the presence of gross or occult blood in the stool.

· Perform a vaginal examination, noting palpable fractures, the size and consistency of the uterus, or the presence of blood. Remember, women of childbearing age may be pregnant. 

· The steps done above are abnormal, or if the mechanism of injury suggests a pelvic fracture, obtain an AP X-ray of the patient’s pelvis. 

· The steps done above are normal, palpate the bony pelvis to identify painful areas.

· Determine pelvic stability by gently applying anterior-posterior compression and lateral-to-medial compression over the anterosuperior iliac crests.  Testing for axial mobility by gently pushing and pulling on the legs will determine stability in cranial-caudal direction

· Cautiously insert a urinary catheter, if not contraindicated, or perform retrograde urethrogram if a urethral injury is suspected.

· Interpret the pelvic X-ray, giving special consideration to those fractures that are frequently associated with significant blood loss, eg, fractures that increase the pelvic volume. 

· Confirm the patient’s identification on the film

· Systematically evaluate the film for

· Width of the symphysis pubis –greater than 1 cm separation signifies significant posterior pelvic injury

· The integrity of the superior and inferior pubic rami bilaterally

· The integrity of the acetabula, as well as femoral heads and necks.

· Symmetry of the ilium and width of the sacroiliac joints

· Symmetry of the sacral foramina by evaluating the arculate lines.

· Fracture(s) of the transverse processes of L-5
Techniques to reduce blood loss from pelvic fractures

· Avoid excessive and repeated manipulation of the pelvis

· Internally rotate the lower legs to close an open-book type of fracture. Pad bony prominences and tie the rotated legs together. This maneuver may reduce a displaced symphysis, decrease the pelvic volume, and can be used as a temporary measure until definitive treatment is available. 

· Apply pelvic external fixation device 

· Apply skeletal limb traction

· Embolise pelvic vessels via angiography

· Obtain early surgical and orthopedic consultations to determine priorities 

· Place sandbags under each buttock if there is no indication of spinal injury and if other techniques to close the pelvis are not available. 

· Apply a pelvic binder

· Arrange for transfer to a definitive care facility if local resources are not available to manage this injury. 

2. MASSIVE VASCULAR INJURY

Penetrating wounds, extremity fracture or joint dislocation in close proximity to an vessel may disrupt the vessel and lead to massive hemorrhage. 

IDENTIFICATION OF ARTERIAL INJURY

I. Recognize that ischemia is a limb-threatening and potentially life-threatening condition

II. Palpate peripheral pulses bilaterally for quality and symmetry

III. Document and evaluate any evidence of asymmetry in peripheral pulses

IV. Re-evaluate peripheral pulses frequently, especially if asymmetry is identified

V. Early surgical consultation is required.

“The application of vascular clamps into bleeding open wounds in the emergency department is not recommended unless a superficial vessel is clearly identified”

3.SEVERE CRUSH INJURIES / CRUSH SYNDROME

Traumatic Rhabdomylolysis 

Injury

Crush syndrome refers to the clinical effects caused by the release of noxious byproducts from injured muscle that if untreated, may lead to acute renal failure.  This condition is seen in individuals who have sustained crush injury and in whom there is prolonged compression of significant muscle mass, most often a thigh or calf. The muscular insult is caused by impaired muscle perfusion, ischemia, and the release of mygolobin and other toxic materials. 

Assessment 

The myoglobin produces a dark amber urine that tests positive for hemoglobin. The myoglobin assay must be specifically requested to confirm its presence. Rhabdomyolysis may lead to hypovolemia, metabolic acidosis, hyperkalemia, hypocalcemia, and disseminated intravascular coagulation (DIC)

Management

The initiation of intravenous fluid therapy during the period of extrication is critical to protecting the kidney and preventing renal failure.  Myoglobin-induced renal failure may be prevented by intravascular fluid expansion and osmotic diuresis to maintain a high tubular volume and urine flow.  Alkalisation of the urine with sodium bicarbonate reduces intratubular precipitation of myoglobin and is indicated in most patients.

II. LIMB THREATENING INJURIES

A.OPEN FRACTURE 

Open fracture represent a communication between the external environment and the bone

“AT NO TIME SHOULD THE WOUND BE PROBED”

“If a fracture and an open wound exist in the same limb segment, the fracture is considered open until disproved by a surgeon”

“Do not reduce a open fracture unless thorough wound wash and debridement have been done.”

If an open wound exists over or near joint it should be assumed that this injury connects with or enters the joint – obtain surgical opinion.   

MANAGEMENT 

· Wound debridement and wash

· Associated soft tissue, circulatory, neurological involvement are determined before immobilization

B. VASCULAR INJURIES INCLUDING TRAUMATIC AMPUTATION

Vascular injuries are suspected when extremity is cool, capillary refill is prolonged, pulses are absent with abnormal ankle / brachial index.  Identify and treat vigorously within 6 hours.  Release the dressing, apply traction and reduce the fracture. Get early surgical opinion and correction.  Never delay for arteriography.  Never dispose the amputated part, though it may be unsalvageable. It may be used as a source for bone, skin graft to correct other wounds.  

Care of amputated part

Wash thoroughly in Ringer Lactate solution.  Wrap in sterile gauge soaked in aqueous penicillin            (1, 00 000 in 50ml of RL).  Again wrap it with similarly moistened towel, place in a plastic bag and transport in an insulated cooling box with crushed ice and water.

C. COMPARTMENT SYNDROME 

Important Considerations

a) Compartment syndrome may develop insidiously

b) Compartment syndrome may develop in an extremity from compression or crushing forces and without obvious external injury or fracture

c) Frequent reevaluation of the injured extremity is essential

d) The patient who has been hypotensive or is unconscious is at an increased risk for developing compartment syndrome

e) The unconscious or intubated patient cannot communicate the early signs of extremity ischemia

f) Pain is the earliest symptom that heralds the onset of compartment ischemia, especially pain on passive stretch of the involved muscles of the extremity

g) Loss of pulses and other classic findings of ischemia occur late, after irreversible damage has occurred.

Palpate the muscular compartments of the extremities, comparing the compartment tension in the injured extremity to the noninjured extremity

· Asymmetry is a significant finding

· Frequent examination for tense muscular compartments is essential

· Measurement of compartment pressures is helpful.

· If compartment syndrome is suspected, obtain surgical consultation

Obtain orthopedic or general surgical consultation early.

NEUROLOGIC INJURY SECONDARY TO FRACTURE DISLOCATIONS

A fracture or in particular, a dislocation and penetrating injuries may cause significant neurologic injury. In most multiply injured patients, it is difficult to assess the nerve function.  However it must be repeated on an ongoing basis and documented.  Progression is indication for continued nerve compression. 

Management

· Early surgical reference

· Careful reduction is with experienced hands. 

Fractures and joint injuries must be assessed and splinted.  Pulse, Motor, Sensory (PMS) status should be documented. 

FRACTURE IMMOBILIZATION

     A.  Femoral 

Thomas splint

Simply splint with the normal opposite limb

     B.  Knee

Immobilized with about 10 degree flexion to take pressure off the neurovascular  structures.

     C. Tibia

                           Well-padded, card board, long leg splint, plaster splints may be used. 


     D. Ankle fractures



           
Pillow splint / padded card-board

OTHER EXTREMITY INJURIES

Contusion and lacerations must be assessed to exclude vascular and neurologic injuries.  Thorough wound debridement and tetanus prophylaxis are very important.

The risk of tetanus is increased with wounds that

i. Are >6 hours old.

ii. Contused and / or abraded

iii. Are > 1cm depth

iv. Result of high velocity missiles

v. Are due to burn or cold

vi. Have a significant contamination

PAIN CONTROL : Intravenous opioids in small increamental doses.
ASSOCIATED INJURIES

	INJURY
	MISSED / ASSOCIATED INJURY

	Clavicular fracture

Scapular fracture

Fracture / dislocation of shoulder
	Major thoracic injury, especially aortic rupture

	Displaced thoracic spine fracture
	Thoracic aortic rupture

	Spine fracture
	Intraabdominal injury

	Fracture / dislocation of elbow
	Brachial artery injury

Median, ulnar, and radial nerve injury

	Major pelvic disruption

(motor vehicle occupant)
	Abdominal, thoracic or head injury

	Major pelvic disruption

(motorcyclist or pedestrian)
	Pelvic vascular hemorrhage

	Femur fracture
	Femoral neck fracture

Posterior hip dislocation

	Posterior knee dislocation
	Femoral fracture

Posterior hip dislocation

	Knee dislocation or displaced tibial plateau fracture
	Popliteal artery and nerve injuries

	Calcaneal fracture
	Spine injury or fracture

Fracture-dislocation of hind foot

Tibial plateau fracture

	Open fracture 
	70% incidence of associated nonskeletal injury


Occult injuries are found on frequent reassessment.

SUMMARY

The goal is to identify injuries that pose a threat to life and / or limb.  It is essential to recognise and manage in a timely manner, pelvic fractures, arterial injuries, compartment syndrome, open fractures, crush injuries and fracture dislocations. 

Knowledge of mechanism of injury is essential to gauge the severity and type of injury.  Early splinting of fractures and dislocations can prevent serious complications and late sequelae. 

TRAUMA IN PREGNANCY

Trauma is the most frequent cause of non-obstetric maternal and fetal death during pregnancy.  The recent studies demonstrate the incidence of trauma in pregnancy is about 8 – 20%.  The pregnant trauma patient represents a unique challenge for the emergency care provider.  It is important to remember, that the pregnant patient represents two patients with separate requirements i.e. the mother and the fetus.  Fortunately, the treatment is simplified when one realizes that the survival of the fetus depends on the care given to the mother.  If the mother is unstable, the fetus is always in jeopardy.  Therefore, any intervention must have the twin goals of supporting the mother and as well as identifying the needs of the fetus.

The approach to treating trauma is different in patients who are pregnant.  How ever, the familiar hierarchy of airway, breathing and circulation remains a useful starting point.Unless the treating physician is aware of the  maternal physiologic adaptation to pregnancy, misdiagnosis and sub optimal treatment may ensure.  On the other hand, a wide variety of obstetrical pathologies can obscure, confuse and delay the diagnosis of intra-abdominal injuries.  Knowledge of these differences and applying  it in the critical minutes following trauma will have an important impact on the life and health of both the mother and fetus.

Physiology of pregnancy:

Pregnancy is a hyper dynamic and hyper metabolic state.  Physiologic changes unique to the pregnancy state alter the patterns of response seen in traumatic injury during pregnancy.  Here, we will review maternal physiologic adaptations to pregnancy as they apply to trauma management.

Cardiovascular system:

Pregnancy is a high flow, low resistance state of cardio vascular homeostasis.  

	Changes
	Effects

	Increase in cardiac output
	Failure to recognize shock (30 – 35% blood loss before changes in vital signs)

	Increase in heart rate
	

	Decrease in systemic vascular resistance
	

	
	

	Venous hypertension in the retroperitoneum and lower extremities 
	Life-threatening retroperitoneal hemorrhage

	Increased venous stasis
	Increased incidence of DVT

Increased bleeding in lower extremity injury

	Compression of venacava by gravid uterus
	Supine hypotension syndrome



Respiratory System:

	Changes
	Effects

	Elevated diaphragm    by growing uterus
	Misplaced chest tube in liver or spleen 

Lung volume decreased.

	Decreased functional reserve
	Predisposition to fetal hypoxia

	Hypocapnia
	Rapid desaturation during intubation

Decreased buffering capacity.



Gastrointestinal System:

Pregnant women with gross hemoperitoneum may have a relatively benign abdominal examination.Since, the uterus fills the abdomen, viscera are rearranged and pain pattern become less predictable.

	Changes 
	Effects

	Concentration of intestines in upper abdomen during third trimester
	Increased risk of bowel injury with penetrating upper abdominal wounds.

	Decreased gastrointestinal motility
	Increased risk of aspiration

	Decreased peritoneal irritation
	Decreased reliability of abdominal examination.


Genitourinary System:

	Changes 
	Effects

	Increase in GFR
	Increase excretion of metabolic products

	Bladder is pushed out of the pelvic cavity
	More vulnerable to injury.


Hematological:
	Changes 
	Effects

	Increase plasma volume
	Physiologic anaemia 

	Increase in Fibrinogen levels
	Hyper coagable state.

	Increased Hematocrit
	


Supine Hypotension Syndrome:

     After 20 weeks of gestation, the expanding mass of the gravid uterus compress the inferior vena cava. Such caval obstruction diminishes cardiac preload, which can drop cardiac output and reduce systolic blood pressure. In late pregnancy it is common for the inferior vena cava to the completely occluded when supine. 



Injuries unique to pregnancy 

     Premature contractions

          Frequent uterine contractions are the most common finding after nonfatal maternal trauma. These contractions may indicate either contusion to the uterus or blood irritating the uterine musculature.  Although the contractions progress to preterm delivery, the mother should be monitored until contractions cease. The utility of tocolytics in trauma is unproven.

     Abruptio placenta
           Occurs when the placenta is separated from the underlying uterine wall.  Abruption is thought to be as a result of the different elastic properties of the uterus and placenta which results in a shearing effect when external forces, cause separation the relatively inelastic placenta from the deformed elastic uterus.


Uterine rupture:

After the first trimester, the gravid uterus becomes an intraabdominal organ and is at risk.  Physical manifestations vary from minimal abdominal tenderness to obvious peritonitis and shock.  While prior uterine surgery (upper cesarean section or myomectomy) increases the risk of uterine rupture, it can also occur in a normal uterus.  Diagnosis may be suggested by a difficulty in palpating the  uterine fundus or, more specifically, by palpation of fetal parts outside the uterus.


Maternal-Fetal Hemorrhage: 

The fetal and maternal circulations are normally separate during pregnancy, and fetal red blood cells may enter the maternal blood stream in case of traumatic injury. This can result in fetal anemia, fetal hypovolemia, fetal death, or isoimmunization of mother. As little as 0.1 to 0.3 ml of fetal cells is sufficient to sensitize 70 % Rh-negative women.  The Kleihauer-Betke test can estimate the volume of fetal blood in the maternal circulation, but cannot predict other complications such as uterine irritability or abruptio placentae. It should not replace fetal monitoring and ultrasound.

Thus, administration of one prophylactic dose of Rh immunoglobin           (Rho GAM) is indicated with all Rh-negative trauma patients.  One 300 μg dose of RhoGAM protects against 30ml of fetal blood. Rho GAM is effective if given within 72 hours of MFH

Special Trauma Considerations:

Blunt Abdominal Trauma:

Blunt trauma during pregnancy may be the result of motor vehicle accidents, accidental falls, and violence.  Different mechanisms of maternal injury occur in pregnant women with blunt abdominal trauma compared with their non-pregnant counterparts.  Because the gravid uterus changes the relative location of abdominal contents, transmission of force may be altered in the pregnant abdomen. Retroperitoneal injury and hematomas are more frequent in pregnant victims of blunt abdominal trauma due to increased vascularity during pregnancy.

Direct fetal injuries and fractures complicate less than 1% of cases of severe blunt abdominal trauma in pregnant women.  Fetal brain and skull injuries may be more common in cases with fetal head engagement in which maternal pelvic fracture occurs.  Pelvic fractures during pregnancy may result in significant retroperitoneal bleeding.  Management is conventional, with consideration for associated injuries of the bladder, urethra, or recto sigmoid. 


Physical Abuse and Assault:

Intentional harm unfortunately is not uncommon during pregnancy.  Blunt abdominal trauma is one of the more common end-points of physical abuse during pregnancy.  It is imperative to maintain a high index of suspicion for physical and sexual abuse when faced with the pregnant trauma victim.

Penetrating Abdominal Trauma:

Most commonly, penetrating abdominal injuries during pregnancy are manifestations of stab and gunshot wounds.  After the first trimester, the gravid uterus may be protective of other abdominal contents.  The pattern of injury seen in upper abdominal penetrating injuries is modified during late pregnancy.  Because of cephalad displacement of the small bowel, this injury is much more frequent in cases of upper abdominal injury during late pregnancy.  Upper abdominal entry is also the most common site of abdominal stab wounds during pregnancy.

Traditionally, the presence of penetrating abdominal injury during pregnancy necessitates surgical exploration.   Data from the Middle East conflict of the 1990s suggest that not all cases of penetrating abdominal injury require exploration.  Conservative management is preferable in anterior abdominal entry wounds below the level of the uterine fundus. Exclusions to this management approach include posterior or upper abdominal entry wounds, fetal or maternal compromise, and uterine location of the projectile in cases of gunshot wound.  Upper abdominal penetrating wounds should be treated with exploratory laparotomy, with conservative management of stable lower abdominal penetrating injuries.



Diagnostic strategies:

1. Pregnancy Test:  All female trauma victims in reproductive age groups should be tested for pregnancy.
2. Laboratory studies:  Serum laboratory studies should be performed as in a non-pregnant individual.  Many of the normal values for laboratory test may differ slightly from those of the non-pregnant individual.
3. Radiographic evaluation: Any radiograph that is indicated should be performed and not withheld out of concern for fetal radiation exposure. The concerns about fetal irradiation are three fold: organ malformation, child hood malignancies, and small head size. The fetus is most vulnerable to radiation- induced malformation from tenth day through the tenth week after conception. When possible, the emergency physician should limit the scope of the examination, shield the abdomen, and collimate the x-ray beam.  

4. DPL: Can be performed in any trimester, by an open, supra umbilical technique. Indications for lavage and criteria for a positive lavage are similar to those for nongravid trauma patient.  

5. Ultrasound Abdomen: In pregnant patients, hemoperitoneum is identified without the risk of needle/catheter injury associated with DPL or fetal radiation from C T.  In the critical patient who is also pregnant, it provides timely and important information about fetal age and viability, amniotic fluid volume, position and integrity of the placenta and the presence of intra uterine blood.

6. CT Scan:

7. Kleihauer-Betke test:  can estimate the volume of fetal blood in the maternal circulation.

8. Fetal monitoring:  It should be initiated as early as possible and continued for at least 4 hours.  If the gestational age is between 12 to 14 weeks, Doppler ultrasonography monitoring is used. If gestational age is more than 20 weeks, Cardiotocographic monitoring should be initiated, which compares fetal heart rate with uterine contractions.

Pre hospital care:

The best outcome is ensured by prevention of maternal hypoxia and hypotension. The air way should be aggressively managed and supplemental oxygen liberally utilized. A low threshold for volume replacement should exist. After twentieth week, transport should be done, with the patient in the left lateral decubitus position or with the right hip elevated. If the patient is fully immobilized, back board should be tilted 15 degrees to left. This will help keep the uterus off the descending aorta  and inferior vena cava and prevent the adverse hemodynamic effects.


Emergency department evaluation and management:

The initial evaluation and therapy must be directed primarily at the case of the mother and should not be delayed or compromised because of pregnancy.

                           What is best for mother is best for fetus 

Primary survey:
· Airway with C-spine control:

· Extra care warranted during intubation because of smaller oxygen reserve and increased risk of aspiration. This  can be reduced by the Sellicks maneuver.
· Breathing:

· Hypoxia, acidosis and alkalosis reduce uterine blood flow and results in fetal hypoxia. To prevent this high concentration of oxygen to be maintained.

· Circulation:

· Hemodynamics should be maintained using standard protocols. Vasopressors are better avoided, because they reduce the uterine blood flow.

· Disability:

  Look for any disability   by the AVPU scale.

· Delivery:  In hemodynamically unstable mother or with fetal distress.
· Exposure:  Keep the patient warm
Secondary survey:

Maternal examination:
An appropriate history should determine:

· The date of the last menstrual period.

· Estimated date of delivery.

· Time of last fetal moment.

· Problems with present and previous pregnancy.

Abdominal examination:

· Examine for evidence of any injury.

· Assess the uterine size.

· Look for uterine contractions and tenderness.

· Auscultation of fetal heart sounds 

· Pelvic examination –to inspect for injuries of the lower genital tract, vaginal bleeding or rupture of amniotic membranes

· Fluid in vaginal cannel with pH of 7 is suggestive of amniotic fluid,

      where as  a  pH of 5 is consistent with vaginal secretions.

· Nitrazine paper test or ferning is also diagnostic of amniotic fluid. 


Fetal evaluation:


Management of Unstable Pregnant Patient


Initial stabilization

Emergent ultrasound for fetal dating and assessment


    < 20 wk EGA
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     Maternal resuscitation
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Fetus alive and          without









        evidence of distress




Continue maternal
  Pediatric 

Continue maternal



  resuscitation
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             Consider 

   Fetal rescue
       Cesarean section


     cesarean section for
       if not
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     Continue aggressive





     Maternal resuscitation
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      (assuming maternal injuries








     do not require hospitalization)

Cardiac Arrest:

Cardiac arrest in the mother is most commonly related to changes and events that occur at the time of delivery.  Finally, and tragically, pregnant women suffer cardiac arrest due to motor vehicle accidents, falls, assault and penetrating trauma as the rest of modern society.  Regrettably, this daily stream of violence and trauma causes many dramatic events that require heroic interventions.  Our response have been to craft harsh phrases to guide emergency care, such as Postmortem C-section, Perimortem delivery, Save mother or Child. Even the most brief interruption in uterine blood flow negatively affects fetuses.  If external cardiac massage is determined to be inadequate, a perimortem cesarean section must be attempted to save the mother, fetus or both.  Evacuation of the uterus may increase venous return, improving maternal cardiac filling.

Key interventions to Prevent Arrest:

In an emergency the simplest action may be the most often ignored action.  The pregnant woman’s uterus sssmay press down against the inferior venacava, reducing or blocking blood flow.  To treat a distressed or compromised pregnant patient:

· Place the patient in the left lateral position or manually and gently displace the uterus to the left.

· Give 100% oxygen.

· Give a fluid bolus.

· Immediately reevaluate.

Modification to BLS Guidelines for Arrest:

· Relieve aortocaval compression by manually displacing the gravid uterus.

· You can also use wedge-shaped cushions, multiple pillows, overturned chairs, a rescuer’s thighs, or commercially available foam-cushion wedges to displace the uterus.

· Generally perform chest compression higher on the sternum to adjust for the shifting of pelvic and abdominal contents toward the head.


















Perimortem cesarean section:

· ~ 200 successful cases reported in the literature.

· If maternal CPR < 5 mins., fetal survival is excellent.

· If maternal CPR > 5 mins. Fetal survival is unlikely.  

       Maternal CPR for 5 mins.,   Infant should be delivered by the 5th minute.


How to perform?

· Vertical insertion from xyphoid to pubis continue straight down through abdominal wall and peritoneum.  

· Cut through the uterus and placenta bluntly 

· Open uterus and remove the fetus

· Cut and clamp the cord.

PEADIATRIC TRAUMA

Introduction

Trauma is the most common cause of mortality and morbidity in the pediatric population. Injuries cause more fatalities among children than all diseases combined. Caring for the injured child requires special knowledge, precise management, and scrupulous attention to details. All physicians who are responsible for the care of a pediatric trauma patient must be familiar with every tenet of modern trauma care. Physicians must also recognize the special considerations, characteristics, and unique needs of the injured child. Since 1985, the National Pediatric Trauma Registry has collected data concerning pediatric accidents. 

This article focuses on the special considerations that apply to pediatric trauma patients.

Incidence:

Injury is the leading cause of death among children older than 1 year.Death from unintentional injury accounts for 65% of all injury deaths in children younger than 19 years. From 1972-1992, motor vehicle accidents were the leading cause of death in people aged 1-19 years, followed by homicide or suicide and drowning. Each year, approximately 20,000 children and teenagers die as a result of injury. Thus, the problem of pediatric trauma continues to be one of the major threats to the health and well being of children. 

Several factors influence childhood injuries, including age, sex, behavior, and environment. Of these, age and sex are the most important factors affecting the patterns of injury. Male children younger than 18 years have higher injury and mortality rates, perhaps in part because of their more aggressive behavior and exposure to contact sports. In the infant and toddler age group, falls are a common cause of severe injury, whereas bicycle-related mishaps, with or without the interaction of motor vehicles, are the main culprits for injury of older children and adolescents. Tragically, the home environment is the next most common scene of pediatric injury. Approximately 35% of significant injuries occur as the result of accidents in the very environment that should be the most sheltering and nurturing to children. 

The vast majority of pediatric trauma occurs as a result of blunt trauma, with penetrating injury accounting for a very small portion of pediatric trauma care. Regardless of the classification, the 2 mechanisms of injuries are interrelated in that blunt mechanical force can result in penetrating injury such as that caused by fender edges, door handles, or shrapnel. Thus, treating physicians must be thorough and must proceed with a rational plan with scrupulous attention to every detail.

Developmental milestones correlate with mechanisms of childhood injuries. Head injuries, either alone or in association with multiple system injuries, are the most severe and cause the most deaths. All factors considered, physicians must become aware of the anatomic and physiologic characteristics that make children unique. 

CNS injuries

Among children, the CNS is the most commonly injured isolated system. Because CNS injury is the leading cause of death among injured children, it is the principal determinant of outcome. However, numerous observations have shown that patients from the pediatric population recover more frequently and more fully than similarly injured adults. Although this might be euphemistically ascribed to the “physiologic reserve” of the child, it really suggests that injured children respond exceedingly well to preservation of cerebral oxygenation and perfusion. Management of the whole patient must therefore focus on preservation of cerebral perfusion and elimination of potential detrimental effects of extracranial lesions. 

In children aged 2 years or younger, physical abuse is the most common cause of serious head injury. Shaken baby syndrome is characterized by retinal hemorrhage, subdural or subarachnoid hemorrhage, and little evidence of external trauma. In children aged 3 years and older, falls and motor vehicle, bicycle, and pedestrian accidents are responsible for most traumatic brain injuries. 

Children tend to sustain injuries that produce diffuse edema rather than those that cause focal space-occupying lesions. For this reason, severely injured children who undergo early CT scanning may have minimal radiological evidence of parenchyma injury. Follow-up studies several hours after edema has begun to develop may reveal much worse injury. At this point, precise management makes the difference between disaster and success. Judicious fluid resuscitation, precise ventilator care, and careful titration of cerebral perfusion pressure are the keys to success. 

The Glasgow Coma Scale (GCS) is the universal tool for rapid assessment of the consciousness level of injured children. A modified verbal and motor version has been developed to aid in evaluation of consciousness level in infants and young children. Regardless of GCS score, perform a head CT scan on any child with a history of trauma and loss of consciousness longer than 5 minutes or an altered level of consciousness. 

Glasgow Pediatrics Coma Score 

The Pediatrics GCS is scored between 3 and 15, 3 being he worst, and 15 the best. It is composed of three parameters : Best Eye Response, Best Verbal Response, Best Motor Response, as given below : 

Best Eye Response. (4) 
1. No eye opening. 

2. Eye opening to pain. 

3. Eye opening to verbal command. 

4. Eyes open spontaneously. 

Best Verbal Response. (5) 

1. No vocal response 

2. Inconsolable, agitated 

3. Inconsistently consolable, moaning. 

4. Cries but is consolable, inappropriate interactions. 

5. Smiles, oriented to sounds, follows objects, interacts.

Best Motor Response. (6) 

1. No motor response. 

2. Extension to pain. 

3. Flexion to pain. 

4. Withdrawal from pain. 

5. Localizing pain. 

6. Obeys Commands. 

Note that the phrase ‘GCS of 11’ is essentially meaningless, and it is important to break the figure down into its components, such as E3V3M5 = GCS 11. 

A Coma Score of 13 or higher correlates with a mild brain injury, 9 to 12 is a moderate injury and 8 or less a severe brain injury.
Metabolic demand 
Metabolic studies of children with multiple injuries and severe CNS trauma suggest that total body metabolic demand is significantly elevated; therefore, controlling seizures and fever is of utmost importance because both significantly increase metabolic demands of the brain. Also, initiate good nutritional support within hours of definitive stabilization to meet the needs of increased metabolism. Enteric feeding is preferred as much as possible. 

Spinal cord injury

Although spinal cord injury is relatively uncommon in the pediatric population, cervical spine injury must be presumed until proven otherwise. The common cervical fracture usually involves the first 2 vertebrae. If it remains undetected, cervical fracture can result in devastating injuries. Other common spinal fractures among pediatric patients with trauma are compression fractures and flexion-distraction (Chance) fracture of the lumbar spine, usually from inappropriate use of a lap seat belt. 

Spinal cord injury without radiological abnormality (SCIWORA) syndrome is a problem unique to the pediatric population. The incompletely calcified vertebral column of the child may transiently deform and allow stretching of the cord or nerve roots with no residual anatomic evidence of injury. The hallmark of this syndrome is documented neurological deficit that may have changed or resolved by the time the child has arrived in the emergency department. Immediate re-injury of the same area may produce permanent disability; so thorough neurosurgical evaluation is essential whenever reliable evidence of even a transient neurological deficit is present. 

Thoracic injuries

Thoracic injury is the second leading cause of death in pediatric trauma. Blunt trauma is responsible for most thoracic injuries. Isolated thoracic injuries seen commonly in adults are relatively uncommon in children. Moreover, as a result of the pliability of children’s rib cages and mediastinal mobility, significant intrathoracic injury may exist in the absence of external signs of trauma. Pulmonary contusion and pneumothorax are frequently present without rib fractures. 

Traumatic asphyxia 
Traumatic asphyxia is a unique injury in pediatric trauma because of the compliance of the chest wall. This injury is commonly the result of blunt compressing thoracic trauma, with sudden airway obstruction and abrupt retrograde high pressure in the superior vena cava. Patients with traumatic asphyxia have a dramatic physical presentation characterized by cervical and facial petechial hemorrhages or cyanosis associated with vascular engorgement and subconjunctival hemorrhage. Despite its dramatic presentation, this injury has a good prognosis. CNS injuries, pulmonary contusions, and intra-abdominal injuries are common associated injuries. 

Abdominal injuries

Anatomical differences in children make them more vulnerable to major abdominal injuries with very minor forces. In children, the abdomen begins at the level of the nipple. Children’s small, pliable rib cages and undeveloped abdominal muscles provide little protection of major organs. Solid organs are vulnerable to injury. 

Hollow viscus  injuries :

The great majority of abdominal injuries are secondary to blunt trauma, and blunt injuries to the hollow viscus occur more frequently in children than in adults. The injury is usually a blowout or perforation of the hollow viscus. Children who are struck by a vehicle or who fall across bicycle handlebars shortly after eating a meal are at greater risk. Consider injury to the hollow viscus if the child has peritoneal signs and/or bloody nasogastric drainage. Abdominal x-ray films may show pneumoperitoneum. 

Rectal injuries 
Except for the occasional straddle injury, child abuse or deviant sexual activity causes most isolated rectal injuries in children. 

Splenic injuries 
Splenic injuries are relatively common in pediatric trauma. Because of the risk of overwhelming sepsis following splenectomy, the current philosophy is to manage splenic injuries conservatively unless the child is hemodynamically compromised. A child’s spleen stops bleeding spontaneously; therefore, the vast majority of patients with splenic injuries respond to nonoperative management. Perform CT scanning, ultrasound, or isotope imaging to define the site and extent of injury in every child with splenic injury. 

Hepatic injury 
Isolated hepatic injury, without disruption of the portal vein, hepatic vein, or suprarenal inferior vena cava, behaves clinically like a splenic injury. Most patients with these injuries respond to nonoperative management. The exception, of course, is for children with a massive hepatic injury or with perihepatic vascular involvement who are not hemodynamically stable. The definition of the degree of hepatic injury from CT scan evaluation provides important prognostic information regarding the potential for complications such as hematobilia or delayed rupture, as well as an indication of the expected speed of recovery. 

Pancreatic injury 
Blunt trauma causes most pancreatic injuries. CT scanning is the most useful diagnostic modality in evaluating pancreatic trauma. In most cases, an elevated amylase level suggests diagnosis of pancreatic injury. Timely diagnosis of major pancreatic injuries and prompt surgical treatment are essential to decrease mortality and morbidity rates in pediatric patients. 

Renal injury 
Contusion is the most common renal injury encountered in children. Disruption of the ureteropelvic junction from transient axial torsion and parenchymal injury due to preexisting renal abnormalities are the next most common renal injuries. These lesions are commonly associated with direct blows to the back or flank. The concept of nonoperative management has been expanded to include renal injuries as well. 

Patients who are hemodynamically stable can be managed conservatively. In patients who require urgent operative intervention, perform at least a 1-shot intravenous pyelogram to assess the function of the contralateral kidney. 

Vascular injuries

Vascular injuries in children require early diagnosis and aggressive operative management to prevent serious sequelae. An injury to a major artery in a child’s extremity can result in ischemia and growth retardation of that limb if not detected in a timely manner. Most vascular injury is associated with orthopedic injuries such as supracondylar fracture or long-bone fracture. Consider a diagnosis of vascular injury in children if distal pulses are markedly diminished or with evidence of poor tissue perfusion such as cool extremity. If a vascular injury is thought to be present, objective studies (e.g., Doppler studies, arteriography) may be required. The most important differential diagnosis in pediatric vascular trauma is between thrombosis and spasm of the injured vessel. Spasm usually lasts less than 3 hours. When the pulses remain absent longer than 6 hours, thrombosis or transection of the vessel must be excluded. Delay in diagnosing vascular injury could lead to prolonged ischemia, compartment syndrome, and Volkmann contractures, with consequent long-term disability. 

Orthopedic injuries:

Child abuse

Child abuse includes physical abuse, sexual abuse, emotional abuse, and child neglect. Child abuse involves children of all ages and crosses all socioeconomic boundaries, although poverty, having a young, single parent and substance abuse contribute to the risk factors. Most abused children are younger than 3 years. Because signs and symptoms of abuse can be subtle, maintain a high level of clinical awareness when evaluating these children

Trauma Scoring 

A. Weight 

1. Weight >20 kg: Score +2 

2. Weight 10-20 kg: Score +1 

3. Weight <10 kg: Score -1 

B. Airway 

1. Normal Airway: Score +2 

2. Maintained Airway: Score +1 

3. Invasive Airway (e.g. intubated): Score -1 

C. Systolic Blood Pressure 

1. SBP >90 mmHg: Score +2 

2. SBP 50-90 mmHg: Score +1 

3. SBP <50 mmHg: Score -1 

D. Central Nervous System 

1. Awake: Score +2 

2. Obtunded: Score +1 

3. Coma: Score -1 

E. Open Wound 

1. No Open Wound: Score +2 

2. Minor Open Wound: Score +1 

3. Major Open Wound: Score -1 

F. Skeletal Trauma 

1. No Skeletal Trauma: Score +2 

2. Closed fracture: Score +1 

3. Open fracture or Multiple fractures: Score -1 

II. Interpretation 

A. Score Range: +12 to -6 

B. Trauma score <= 8 indicates significant mortality risk

The order and priorities of pediatric trauma management are the same for injured children as adults; however, their unique anatomic characteristics deserve special consideration:

Because of smaller body mass, energy from linear forces (fenders, bumpers, and falls) results in greater force applied per unit body area. Children have less fat and close proximity of organs, which leads to more multisystem organ injuries. 

The skeleton is incompletely calcified and is more pliable. Internal organs may be damaged without evidence of overlying bone fractures. If bones are broken assume a massive amount of energy must have been applied.

The body surface area to volume ratio is highest at birth so hypothermia may develop quickly.

The child’s ability to interact and cooperate with care-givers is limited making history and physical examinations difficult

Airway:

There are anatomic differences between the infant and the adult upper airway:

The smaller the child, the greater is the disproportion between the size of the cranium and midface. This produces a greater propensity for the posterior pharyngeal area to buckle as the relatively large occiput forces passive flexion of the c-spine. To prevent this assume a “sniffing” position, while maintaining

C-spine control. 

Visualization of the larynx may be difficult as the soft tissues (tongue, tonsils) are large compared to the oral cavity

.

Infant larynx: 
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More superior in neck 

Epiglottis shorter, angled more over glottis 
[image: image31.png]


Vocal cords slanted, anterior commissure more inferior  

Larynx cone-shaped, narrowest at subglottic cricoid ring. 

Infant head is relatively larger: naturally flexed in supine position.

Extension of head may result in tracheal extubation; while flexion may lead to main stem intubation.

Head trauma: 

Young children with open fontanelles and mobile cranial suture lines are more tolerant of expanding intracranial mass lesions. They may not decompensate until the mass lesion has become large. A bulging fontanelle or suture diastases should prompt neurosurgical evaluation.

Establish priorities

· Primary survey - ABC’s; initial stabilization 

· Secondary survey - head-to-toe approach after the initial stabilization is complete 

Primary survey

· Airway with cervical spine stabilization 

· Breathing and ventilation 

· Circulation with hemorrhage control 

· Disability (neurologic screening examination) 

· Exposure and environment 

Airway

· Assume cervical spine injury - appropriate cervical spine stabilization should be in place for any suspected head or neck trauma until the cervical spine has been cleared; C-spine stabilization in children may be achieved with standard cervical collars of appropriate size; sandbags or IV bags may be used for infants; all procedures including intubation must be performed with the head and neck in alignment until the C-spine is cleared 

· Relieve obstruction - airway obstruction may be caused by blood and tissue with facial trauma; may be caused by the tongue and soft tissues if the child is obtunded; suction and place an oral airway if necessary; intubation may be required for unrelieved obstruction; if unable to place an endotracheal tube orally, a surgical airway (emergency tracheostomy) may be required 

Breathing

· Supplemental oxygen 

· Rate and adequacy - assess adequacy of oxygenation with oxygen saturation monitor or ABG; assess adequacy of ventilation with respiratory rate, air entry, ABG; respiratory rate should be appropriate for age - beware of low respiratory rates; intervene with mask/bag ventilation and intubation if oxygenation and/or ventilation are inadequate
· Symmetry of breath sounds - consider hemothorax or pneumothorax if breath sounds are unequal; breath sounds may be transmitted from the good side to the bad in small infants; consider CXR; tracheal deviation and hypotension may also be present if a tension pneumothorax exists 

Circulation

· Assess circulatory status 

· Hypotension is a late finding in shock; other clinical indicators include: 

· Pulse - hypovolemia results in compensatory mechanisms to maintain 

· Cardiac output; increased sympathetic drive leads to tachycardiacapillary refill - sympathetic output as a result of hypovolemia leads to peripheral vasoconstriction and delayed capillary refill 

· Level of consciousness - may be affected by other variables such as head trauma, sedatives; an alert patient has adequate CNS perfusion for the moment 

· Urine output - decreases with inadequate renal perfusion
· Obtain reliable venous access, type and cross-match - may be difficult to obtain venous access in children; percutaneous peripheral access should be attempted initially; if two attempts are unsuccessful, place intraosseous; if this is not possible, consider IV cut down or central line
· Diagnose and control hemorrhage - place direct pressure on obvious sources of bleeding 

· Shock 

· Usually hypovolemia 

· Consider hypoxia, pericardial tamponade, tension pneumothorax - consider these particularly if the child is not adequately resuscitated following several fluid boluses; consider exploratory laparotomy or thoracotomy if shock state persists and these problems have been relieved or ruled out 

· Infants may be hypotensive from head injury - may have large volume losses proportional to body size into scalp or intracranially 

· Management of shock 

· Fluid resuscitation - isotonic fluid boluses of 20 ml/kg with reassessment of cardiovascular status following each bolus, consider transfusion of packed red blood cells after second fluid bolus or as indicated by hemoglobin; type-specific or O negative blood can be given if time constraints prohibit complete cross-match 

· Pneumatic antishock garment (PASG) - available in pediatric sizes, though rarely used; not a substitute for fluid resuscitation; increases systemic vascular resistance; may be used to stabilize pelvic and lower extremity fractures 

Disability

· Quick overview of neurologic status, not a complete neurologic examination 

· Pupillary response 

· Level of consciousness 

· A - alert 

· V - responds to verbal stimuli 

· P - responds to painful stimuli 

· U – unresponsive
· Glasgow coma scale 

· Eye opening response 

· Verbal response 

· Motor response 

Exposure and environment

· With larger surface area to body weight ratios, infants and children may have significant heat loss, particularly when undressed (appropriately) for complete examination; heat loss may be increased by fluid (e.g., blood) covering the skin; hypothermia may result in metabolic acidosis, increased oxygen consumption and vasoconstriction 

Secondary survey

The primary survey must be complete and all ABC’s stabilized with frequent reassessment before proceeding to the secondary survey

· Vital signs 

· Head-to-toe examination 

· History 

· Laboratory and radiographic studies 

Physical examination

· Head - feel for bony abnormalities, tenderness 

· scalp - check for laceration or soft-tissue injury 

· eyes - include conjunctiva; pupillary size and reaction; fundal appearance; vision if possible 

· facial bones and teeth - palpate bony prominences to rule out maxillofacial trauma 

· Battle’s sign or Raccoon eyes - suspect basilar skull fracture 

· hemotympanum, CSF rhinorrhea or otorrhea - suspect basilar skull fracture 

· Neck 

· subcutaneous emphysema - may indicate pneumothorax, pneumomediastinum, tracheal injury 

· tracheal deviation - may indicate pneumothorax 

· neck-vein distention - may indicate tension pneumothorax, pericardial tamponade 

· cervical spine- feel for bony abnormalities, tenderness that may indicate cervical spinal injury 

· Chest
· Respiratory excursion 

· Asymmetry 

· Flail segments 

· Pneumothorax 

· Hemothorax 

· Cardiac tamponade 

· Abdomen 

· Liver and spleen commonly injured by blunt trauma - CT examination has replaced peritoneal lavage as diagnostic procedure of choice with suspected abdominal trauma 

· Serial examinations may reveal injury 

· Pelvis - palpate for tenderness and instability, examine perineum 

· Rectum - check for wall integrity, prostatic injury, occult GI hemorrhage 

· Extremities - palpate for bony abnormalities, tenderness 

· Back - log-roll patient if cervical spine not cleared 

· Skin 

· Neurologic exam - now is the time for the complete neurological exam 

History

· A - allergies 

· M - medications 

· P - past illness 

· L - last meal 

· E - events preceding the injury 

· Laboratory and radiographic studies 

Keys to management

· Continuously monitor and frequently reevaluate the patient 

· Return frequently to the primary survey 

Special Considerations

· Spinal cord injury 

· Unusual in children 

· May occur without radiographic findings 

· Suspect with unremitting shock 

· High dose steroids is the only therapy with suggestive benefits 

· Non-accidental trauma 

· Suspect child abuse with any of the following: 

· History inconsistent with physical exam 

· Discrepancy between accounts of the injury 

· Multiple injuries in various stages of healing 

· Any suspected non-accidental trauma should be reported 

Prevention

Most pediatric trauma is preventable; our obligation is to educate the parents of our patients about ways to avoid or lessen traumatic injuries (e.g., bike helmets, seat belt use)

BURNS

Epidemiology

· 400,000 children are treated annually for burns

· fires and burns are a leading cause of household accidental deaths in Children

· less than 14 years

· 80% of burns are secondary to house fires, the remainder due to scalds and

· electrical burns

· children up to 4 years account for 47% of house fire deaths

· 3,000 pediatric deaths annually due to burns, 3-4X this suffer disability

· 50% of children with burns require up to 1 month hospitalization, and 25%

· require up to 2 months of hospitalization, 25% require more than 3 months hospitalization

· 1%-16% of burns are intentionally inflicted

· children less than 15 year with burn injury > 95% of BSA can survive

Physiology and Classification

Based on depth of injury, percent of body surface areas involved, location of the burn, and association with other injuries.

Injury:

· First Degree: superficial, involving only epidermal damage

· erythematous and painful due to intact nerve endings

· heal in 5-10 days; pain resolves within 3 days

· no residual scarring

· Second Degree: partial thickness, involving the epidermis and dermis

· more superficial burns are moist and blister; deeper burns are

· white and dry, blanch with pressure, and have reduced pain

· heal in 10-14 days

· can develop into third degree burns with infection, edema,

· inflammation and ischemia

· treatment varies with degree of involvement - grafting is indicated for deep burns

· Third Degree: full-thickness, most severe of burns



· results in necrosis and avascular areas

· tough, waxy, brownish leathery surface with eschar, numb to touch

· grafting required

· usually have permanent impairment

· Fourth Degree: full-thickness as well as adjacent structures such as fat,

· fascia, muscle or bone

· reconstructive surgery is indicated

· severe disfigurement is common

Body Surface Area (BSA):

· Adult

· “rule of nines”: each arm is 9% of BSA, leg is 18%, anterior trunk is 18%, posterior trunk is 18%, head is 9%, and perineum is 1%

· Children

· BSA varies with age (children have a larger percentage of body surface area which exaggerates fluid losses)



· Children under 10 years should be evaluated by the Lund-Browder burn chart

· Quick method : the patient’s palm is 1% of the total body surface area

Location:

· Important for assessing potential disability

· greatest risk with face, eyes, ears, feet, perineum and hands

· Upper extremities involved in 71% of burns, head and neck 52%

Associated Injuries:

· Smoke inhalation

· hoarseness, cough, singed nasal hairs, oral burns, wheezing

· Carbon monoxide poisoning

· Fractures

· Trauma

Severity:

• Minor:

Partial thickness: < 15% BSA in adults, < 10% BSA in children

 Full thickness: < 2% BSA

• Moderate:

Partial thickness: 15%-25% BSA in adults, 10%-20% BSA in children

Full thickness: 2%-10% BSA

• Major:

Partial thickness: > 25% BSA in adults, > 20% BSA in children

Full thickness: > 10% BSA

Burns of hands, face, eyes, ears, feet or perineum

Associated injuries, such as inhalation injury, fractures, other trauma

Poor risk patients with underlying disease or suspicion of child abuse

Complications

• Dehydration and shock

• Renal failure secondary to myoglobinuria or hypovolemia

• Sepsis

• Physical impairment/limitations

• Cosmetic disfigurement

• Death

Management of Moderate and Severe Burns

Initial Management:

ABC: Airway, Breathing and Circulation

· Oxygen to all patients, intubate if there is airway, respiratory or neurological compromise

· Pulmonary disease is progressive and may have a delayed onset of 24 hours

· Laryngeal edema increases during the first 24 hours

· Common to have burns of the upper airway - usually the subglottic area is protected from burns

· Intubation is indicated with deep facial burns, inhalation injury documented by bronchoscopy or Laryngoscopy, and with massive thoracic burns which interfere with adequate respiratory movement (due to decreased compliance of the chest wall)

· Avoid early tracheostomy

· IV fluid resuscitation with large bore catheters (LR or NS)

· Avoid venous access through burned tissue because of increased risk of infection

· Until fluid/electrolyte needs are calculated, can start at 20 ml/kg/hr

· Shock is common when the burn exceeds 12% BSA

· Cardiac output decreases almost immediately due to hypovolemia

· Remember-hypotension is a late event and needs to be treated aggressively

Wound care

· Sterile technique should be observed

· Remove clothing and cover or irrigate the wound with cool saline

· Careful to avoid hypothermia

· Debride dead material and ruptured vesicles; blisters should be left intact unless at flexor areas

· After cleansing, apply antimicrobial cream with a fine mesh absorbent dressing (no dressing to face and perineal burns)

· Initially burn surfaces have no or reduced bacterial colonization, so treatment with antimicrobrial creams should wait until the patient is stabilized (should be undertaken within a few hours of the injury)

· Antibiotic creams: 1% silver sulfadiazine is the preferred first-line preventative agent for eschar, not as ongoing treatment for deep burns (can cause thrombocytopenia, leukopenia, and rash)

· Neosporin or bacitracin are excellent for facial burns (nontoxic to the eyes) but should not be used on large areas

· Mafenide acetate penetrates eschar well but is painful during application and causes bicarbonate wasting

· Surgical consultation for removal of eschar (eschar may interfere with neurovascular function of extremities and of ventilation when present at the thorax)

· Attention should be placed on distal pulses - circumferential burns can cause eschar that when combined with edema can impede distal perfusion

· Curlings ulcer prophylaxis

Cimetidine or the like should be started within the first 6 hours

Antacids are no longer recommended - the patient should be kept   

NPO

· Pain management

· Once vital signs have stabilized, pain medication should be used (ie morphine or meperidine)

Miscellaneous

· With burns > 15% of BSA, an NG (OG) tube and bladder catheter should be placed

· Tetanus immunization if out of date

· Hospitalize

Injuries > 10-15% of BSA involving the hands, face, feet, perineum or joints

Electrical injuries with deep tissue involvement

Patients with other associated injuries

Ongoing Management:

Neuroendocrine responses

· In the first 24 hours, the brain releases ACTH and ADH (as a response to pain, hypoxia and hypovolemia) and catecholamine secretion is accelerated

· Hypoglycemia is common in children (hyperglycemia in adults)

· ADH causes antidiuresis, and increased aldosterone activity resulting in sodium retention, edema and oliguria

· After 24 hours the patient begins a hypermetabolic phase with increased cardiac output, increased oxygen consumption, and increased tissue catabolism

· Will see a 1-2 degree (C) increase in body temperature due to increased metabolism

· Cardiac output increased due to increased oxygen demand

· Insulin levels normalize but hyperglycemia may persist due to increased cortisol secretion

Fluid and Electrolyte management

· Includes normal maintenance plus replacement of burn losses

· Denuded skin produces a 6-7 fold increase in evaporative losses, and exudative losses (blisters) have a protein content half of the serum protein

· Burn requirements (per day): 3-4 ml x kg x % BSA involved (as a number: 70% is 70)

• Day 1:

· Use 5% dextrose Lactated Ringers solution

· Administer half of the burn replacement fluid amount over the first 8 hours, giving the remainder over the subsequent 16 hours (calculate time for replacement from time of injury, not from the initial medical presentation; ie if patient arrives 2 hours after the incident replace the initial fluid requirements over 6 hours)

· In addition to the burn replacement, give maintenance requirements over 24 hours 

· Can also use the surface area formula (Galveston formula): 5,000 ml/m2 of body surface burned per 24 hours plus 2,000 ml/m2 of total body surface per 24 hours (maintenance)

· Part of the burn replacement can be given as colloid

· Albumin extravasates into the tissues until about 8 hours post injury, but colloid helps maintain the Intravascular osmotic gradient (thus reducing edema) and promotes faster resuscitation than crystalloids

· Solution of 5% dextrose LR (950 cc) and 25% albumin (50 cc) is often used for children over 1 yr; less sodium is needed for infants to prevent hypernatremia

· Do not add potassium in the fluids for the first day because injured cells release potassium into the extracellular fluid; after 24 hours potassium phosphate may be added to fluids

· Consider placement of CVP line if fluid status is tenuous

· Foley should be placed to monitor urine output - minimum urine output is 1 ml/kg/hr with ideal output at 2-3 ml/kg/hr (1-1.5 ml/kg/hr is adequate if there is concern for pulmonary edema) or 30 ml/m2/hour 

· Exact urine output is controversial because increased fluid administration will increase urine output, but an imbalance occurs because of ADH anti-diuresis effect (poor indication of hydration status)

· 4-hour trends rather than 1-hour analysis should be observed

· *Fluid requirements need to be continuously assessed given the patient’s status, and will often vary from the initial plan

· Total fluid replacement can be as high as 6.3 +/- 2.2 ml/kg/%BSA

• Day 2:

· Use 5% dextrose crystalloid at one-half to 3/4 of previous day’s requirements; or 1500 ml/m2 BSA/24 hr plus 3750 ml/m2 BSAB/24 hr

· Fluid and protein losses into the interstitium are decreased after the second day, but evaporative losses from the disrupted skin continue

· Evaporative losses are primarily free water and should be replaced as such (sodium requirements are decreased)

· Mobilization of edema fluid into the vascular space occurs around the third or fourth day

· The patient is susceptible at this time to hypovolemia and congestive cardiac problems - diuretics are usually indicated as well as avoidance of sodium loading

Pulmonary management

· Repeated laryngoscopy and bronchoscopy may be indicated with pulmonary involvement, aggressive pulmonary toilet is indicated to maintain the small airways: humidified oxygen, chest physiotherapy, aerosolized bronchodilators and frequent repositioning 

· Prolonged intubation may be indicated secondary to repeated surgeries and use of narcotics

· Mechanical ventilation also reduces the metabolic demand on the body by decreasing the work of breathing

· Tissue edema begins to resolve in 2-3 days, however pulmonary function decreases with each and every debridement of excision (this should be anticipated when considering extubation) 

Cardiovascular

· Cardiac output and oxygen consumption increase by 2-3X after the injury

· Decreased intravascular volume due to interstitial edema secondary to leakage

· Correct hypoproteinemia with FFP

· Anemia occurs secondary to erythrocyte damage from the initial injury and due to increased losses secondary to increased fragility from inflammatory mediators, as well as bone marrow suppression


 Renal

· Muscle breakdown occurs with > 30% total BSA burns causing myoglobinuria--this necessitates alkanization and close monitoring

Pain management

· Morphine, fentanyl, and benzodiazepines as indicated 

Infection

· Do not give antibiotics prophylactically, but only as indicated

· The risk of pulmonary infections is greatest 1-2 weeks after the injury

· Serial surveillance skin cultures are usually undertaken to monitor possible infection

· Currently fungi and gram-negative bacteria are major causes of infection given current topical antibiotic regimen

· Avoid cold or ice dressings to maintain appropriate body temperature 

Nutrition

· Burns produce an extreme catabolic state (more so than other diseases)

· Maintenance requirements of 1800 kcal/m2/day plus burn requirements of 2200 kcal/m2/day

· Enteral nutrition should be started ASAP given increased metabolic demands (usually the second day) 

Rehabilitation

· Involve rehabilitation as soon as the patient is stabilized

EARLY MANAGEMENT OF BURNS

FIRST AID:

· Stopping the burning process

· Cooling the burn wound

PRIMARY SURVEY

Immediate life-threatening conditions are identified and emergency management begun.

A. Airway maintenance with cervical spine control

B. Breathing and ventilation

C. Circulation with haemorrhage control

D. Disability - neurological status

E. Exposure + environmental control

F. Fluid resuscitation proportional to burn size

A. Airway maintenance with cervical spine control

· Clear the airway of foreign material and open the airway with the chin lift/jaw thrust.  Keep movement of the cervical spine to a minimum and never hyperflex or hyperextend the head and neck.

· Injuries above the clavicle, such as facial injuries or unconsciousness, are often associated with cervical fractures.

B.  Breathing and ventilation

· Expose the chest and ensure that chest expansion is adequate and equal.

· Ventilate via a  bag and mask or intubate the patient if necessary.

· Always provide supplemental oxygen.

· Carbon monoxide poisoning may give a cherry pink, non-breathing patient.

· Beware of a respiratory rate >20 per minute.

· Beware circumferential chest burns – is escharotomy required?

· Beware of smoke inhalation and burns of the head and neck, both may need early intubation and transfer to ICU.

C.  Circulation with haemorrhage control

· Check the pulse – is it strong or weak?

· Capillary blanch test – normal return is two seconds.  Longer indicates hypovolaemia or need for escharotomyon that limb, check another limb.

· Stop bleeding with direct pressure.

· Mental obtundation occurs with loss of 50% of blood volume.

D.  Disability – neurological status

· Establish level of consciousness

A – Alert

V – Responds to verbal stimuli

P – Responds to painful stimuli

U – Unresponsive 

· Examine the papillary response to light.  They should be brisk and equal.

· Be aware that hypoxaemia and shock can cause restlessness and decreased level of consciousness.

E.  Exposure and Environmental Control

· Remove all clothing and jewellery.

· Keep the patient warm
F.  Fluid resuscitation proportional to burn size

· Insert 2 large bore, peripheral IV lines preferably through unburned tissue – take blood for Routine / Urea / Creatinine / Electrolytes / RBS Group and crossmatch / Carboxyhaemoglobin / Coagulation screen / LFT

· Fluids are given initially as per formula – 4ml RL solution per kg % burn + maintenance for children. (weigh patient)

· Area burned is estimated using Rule of Nines or Lund and Browder chart.

· Half of the calculated fluid is given in the first eight hours, the rest is given over the next 16 hours.

· Time of injury marks the start of fluid resuscitation.

· If haemorrhage occurs from other injuries, replace with blood.

· Monitor adequacy of resuscitation with urinary catheter (sample to be sent for routine analysis and osmolality), ECG, pulse, BP, respiratory rate, pulse oxymetry and ABG. 

· Insert nasograstric tube for larger burns or if associated injuries. (early feeding is beneficial)

X – ray 

· Lateral C.spine

· Chest 

· Pelvis

Pain relief

· Burns hurt – give analgesia slowly, cautiously and always IV

· Give small incremental doses until pain is controlled

SECONDARY SURVEY

Comprehensive head to toe examination that commences after life threatening conditions have been excluded or treated.

History:


A – Allergies


M – Medications


P – Past illnesses, pregnancy
L – Last meal
E – Events / Environment related to injury


Signs suggestive of inhalation injury:

· Burns to mouth, nose and pharynx.

· Singed nasal hairs

· Sputum containing soot

· Change of voice, hoarse brassy cough

· Inspiratory stridor

· Tracheal tug

· Indrawing of supra clavicular fossae

· Rib retraction

· Flaring of Alar Nasae

Maintenance Fluid for Children

· 4% Glucose in ¼ or 1/5 Normal Saline

· 100ml/kg24 hours up to 10kg body weight, plus

· 50ml/kg/24 hours from 10-20 kg body weight, plus

· 20ml/kg/24 hours for each kg over 20kg body weight

Physiotherapy and Splintage:

Correct positions for Splinting:

· Neck – extension

· Axilla – abduction

· Elbows – extension

· Wrists – neutral

· MCPJ – flexion

· IJP – extension

· Knee – extension

· Ankle – 90 degree extension

Calorie and protein requirements:

· Calories:  20kg/ body weight + 70 per % burn

· Protein:  1gm/kg body weight + 3gm per % burn

Look for complications:

· Impaired renal function

· Haemoglobinuria

· Overtransfusion

· Pulmonary damage

· Burn encephalopathy

· Possibility of toxic shock syndrome in burned children.  Beware of rashes, fever and diarrhea in children with seemingly minor burns.

Diagnosis of Burn Depth:

	Depth


	Colour
	Blisters
	Capillary Refill 
	Sensation
	Healing



	Epidermal
	Red
	No
	Present 
	Present / Painful
	Yes

	Superficial 

Dermal
	Pale Pink
	Small
	Present 
	Painful
	Yes

	Mid-Dermal
	Dark Pink
	Present
	Sluggish
	+/-
	Usual

	Deep Dermal
	Blotchy Red
	+/-
	Absent
	Absent
	No

	Full Thickness
	White
	No
	Absent
	Absent 
	No 


Referral Criteria:

· Burns greater than 10% Total Body Surface Area (TBSA) in adults

· Burns greater than 5% TBSA in children

· Burns of Special Areas – Face, Hands, Feet, Genitalin, Perineum and Major Joints

· Full Thickness burns greater than 5% TBSA

· Electrical Burns




· Chemical Burns

· Burns with an associated inhalation injury

· Circumferential burns of the limbs or chest

· Burns at the extremes of age – children and the elderly

· Burn injury in patients with pre-existing medical disorders which could complicate management, prolong recovery or effect mortality 

· Any burn patient with associated trauma



PITFALLS IN TRAUMA
Airway

· Despite the efforts of even the most prudent and attentive doctors, there are circumstances where airway management proves to be exceptionally difficult and occasionally impossible to achieve.  Equipment failure can’t be anticipated eg., Light on laryngoscope burns out.

· Patients who can’t be intubated after paralysis or the patient in whom a surgical airway can’t be performed expediately due to patient’s obesity.

· Endotracheal intubation of a patient with an unknown laryngeal fracture or incomplete airway transection may precipitate total airway occlusion (or) complete airway transection.

· These pitfalls can’t be always being prevented, but they should be anticipated.

Breathing:

Differentiation of ventilation problems from airway compromise may be difficult.

· Intubation with positive pressure ventilation can lead to further deterioration of a patient with a pre existing pneumothorax or tension pneumothorax.

Circulation:

· Healthy elderly patients have a limited ability to increase their heart rate in response to blood loss, obscuring one of the earliest signs of volume depletion, tachycardia.  Blood pressure has little correlation with cardiac output in the older patient group.

· Children, at the other extreme, usually have abundant physiologic reserve and often demostrate few signs of hypovolemia even after severe volume depletion.  When deterioration does occur, it is precipitious and catastrophic.

· The well-trained athelete has similar compensatory mechanisms, is normally relatively bradycardic, and does not demostrate the usual level of tachycardia with blood loss.

Disability:

· The identification of cervical nerve root or brachial plexus injury may not be possible in the comatose patient.  Consideration of mechanism of injury may be only clue available to the emergency physician.

· Despite proper attention to all aspects of managing the patient with a closed head injury, neurological deterioration can occur, often rapidly.  The lucid interval commonly associated with acute epidural hematoma is an example of  a situation where the patient will “talk and die”.

Exposure / Environmental control:

· Injured patients may arrive in the emergency department hypothermic, and some of those who require massive transfusions and crystalloid resuscitation become hypothermic despite aggressive efforts to maintain body heat.

Urinary Catheters:

Anatomical abnormalities like the uretheral stricture or prostatic hypertrophy will   

make placement of a urinary catheter more difficult.

Gastric Catheters:

Vomiting or gagging produce by introduction of a gastric catheter can lead to aspiration in a patient with obtunded airway reflexes.

Monitoring:

The pulse oximeter sensor should not be placed distal to the blood pressure cuff.  Misleading information regarding hemoglobin saturation and pulse can be generated when the cuff is inflated and occludes blood flow.

· Elderly patients are not tolerant of even relatively minor chest injuries.  Progression to acute respiratory insufficiency must be anticipated and supported.

· Children often sustain significant injury to the intrathoracic structures without evidence of thoracic skeletal trauma.  High index of suspicion is essential.

· Excessive manipulation of the pelvis should be avoided as it has the potential of being associated with significant  blood loss.

· Injury to retroperitoneal organs may be difficult to indentify even with the use of CT.  Hollow viscus and pancreatic injury are classic examples.

· Female uretheral injury does occur in association with pelvic fractures, which are difficult to detect.

· Inability to detect pregnancy very early in gestation remains a problem.

· Blood loss from pelvic fractures can be difficult to control and fetal haemorrhage may result.  A sense of urgency should accompany the management of these injuries.

· Injuries to soft tissue are frequently diagnosed after the patient begins to recover.  Therefore frequent reevaluation is essential.

· Any increase in ICP can reduce cerebral perfusion pressure and lead to secondary brain injury.  Tracheal intubation is classic example, and patient with brain injury it should be performed as smoothly as possible.   

· Gastric distension may occur when ventilating the patient with a bag valve mask device, which may result in vomiting and aspiration.

· A simple pneumothorax in a trauma patient should not be ignored or overlooked.  It can  progress to a tension penumothorax.

· Undiagnosed diaphragm injury can result in pulmonary compromise or strang of peritoneal contests.

· Underestimating severe pathophysiology of rib fracture is another common pitfall, particularly in an elderly patient.  Avoid underestimating the severity of blunt injury to the lungs.

· Musculoskeletal injuries are potential sources of occult blood loss in haemodynamically abnormal patients.

Pitfalls in childhood injury:

· The small size of ET tube promotes obstruction from inspisated secretions.

· Uncuffed tube may dislodge, during the transportation.

· The child’s ability to compensate in early phases of blood loss can create an illusion of haemodynamic normally, resulting in rapid deterioration which is often precipitous.

· Many orthopedic injuries in children produce only subtle symptoms and positive findings on physical examination are difficult to detect.

Mechanism





Severity





Morphology
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Consider: 


Repeat FAST or DPL





Consider:


Other sites of blood loss


Non-haemorrhagic shock
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Laparotomy





FAST


Intraperitoneal fluid





Haemodynamically unstable





Blunt injury abdomen





Blunt injury abdomen





Haemodynamically stable
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Intraperitoneal fluid
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Clinical observation


Serial examinations





CT scan





Consider:


Repeat FAST


CT scan
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Indications for Laparotomy





Hypotension with evidence of abdominal injury 


Gun shot wounds


Stab wounds


Blunt trauma with gross blood on FAST / DPL


Peritonitis


Recurrent hypotension despite adequate resuscitation


Extraluminal air


Injured diaphragm


Intraperitoneal perforation of urinary bladder 


Ultrasound, CT evidence of injury to pancreas, gastrointestinal tract, and specific injuries of the liver, spleen and / or kidney


Positive contrast study of gastrointestinal tract


Persistent amylase elevation with abdominal findings





Classification of duodenal injuries





Mild1


Injury to up to 75% of circumference of duodenum


III and IV parts of organ injured


Up to 24 hours delay to repair


No injury to common bile duct or pancreas





Severe2


Injury to 75% or more of the circumference of duodenum


I and II parts of organ injured


Delay to repair > 24 hours


Concomitant injury to common bile duct and /or pancreas





1 Stab wound


2 Blunt, gunshot wound or bomb blast





Peritoneal Lavage Technique: Open Technique





Decompress the urinary bladder by inserting urinary catheter


Decompress the stomach by inserting a nasogastric tube


Surgically prepare the abdomen


Inject local anaesthetic midline and one third the distance from the umbilicus to the symphysis pubis.


Vertically incise the skin and subcutaneous tissues to the fascia


Grasp the fascial edges with clamps, elevate, and incise the peritoneum


Insert a peritoneal dialysis catheter into the peritoneal cavity and advance the catheter into the pelvis


Connect the dialysis catheter to a syringe and aspirate


If gross blood is not obtained, instill 10ml/kg (body weight) of warmed Ringer’s lactate/normal saline (up to 1 liter) into the peritoneal cavity


Gentle agitation of the abdomen increases mixing of fluid with blood


If the patient’s condition is stable allow the fluid to remain 5 to 10 minutes. Drain the fluid by putting the Ringer’s lactate/normal saline container on the floor and allowing the peritoneal fluid to drain.


Send the fluid to the laboratory. A positive test and the need for surgical intervention are indicated by


100,000 RBCs/mm3 


> 500 WBC’s/mm3


A negative lavage, however, does not exclude retroperitoneal injuries, i.e., pancreas or duodenum, isolated hollow visceral perforation, or diaphragmatic tears
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Assessment of fetus:


Measure fundal height


Look for uterine contraction


Examine fetal movement


Monitor fetal heart rate


Examine fetal position


Ultrasound examination


Kleihauer-Betke test





Signs of fetal distress


Fetal bradycardia < 110beats/min


Inadequate accelerations in fetal heart rate in response to uterine contraction














CPR IN PREGNANCY





> 32 weeks





24  - 32 weeks





External Cardiac Massage





External Cardiac Massage





Carotid Pulse, ET-Co2, FHR





Carotid Pulse, ET-Co2 FHR





Adequate





Inadequate





Adequate





Inadequate





ECM 5 Min





OCM/Stat CS





ECM 5 Min





Start CS





NO ROSC





Ineffective





NO ROSC





Stat CS





OCM





OCM/Stat CS





Unsuccessful?





OCM
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Third Degree 90% Burns
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100% Burnt
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Exit point





Entry point 





Fasiotomy done
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