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(this is from http://emj.bmjjournals.co/cgi/content/full/19/6/494
aim for the presence of a radial pulse (systolic BP about 80-90 mmHg)

brachial pulse (70-80)

central pulse i.e., femoral or carotid (60-70)

NB. Head injured require higher BP 

Penetrating torso trauma require lower – aim for a central pulse

In children < 1 yr , a brachial pulse is more practical and easier to feel/

• AIRWAY MANAGEMENT OF THE TRAUMA VICTIM
The potential for cervical spine injury makes airway management more complex in the trauma patient. A cervical spine injury should be suspected in all injury mechanisms involving blunt trauma. Patients with injury above the clavicles are at increased risk, and this is increased 4-fold (9) if there is a clinically significant head injury (GCS < 9). Cervical spine injury is often occult, and secondary injury to the spinal cord must be avoided. 
Immobilization of the cervical spine must be instituted until a complete clinical and radiological evaluation has excluded injury. 

Assessment 

· The fully conscious, talking patient is able to maintain his own airway and needs no further airway manipulation. However patients’ status may deteriorate at any time, and ABC’s must constantly be reassessed. 
· The following categories of patients require a definitively secured airway : 
1.
Apnoea 
2.
Glasgow Coma Scale < 9 or sustained seizure activity. 
3.
Unstable mid-face trauma. 
4.
Airway injuries. 
5.
Large flail segment or respiratory failure. 
6.
High aspiration risk. 
7.
Inability to otherwise maintain an airway or oxygenation. 
· The urgency of airway intubation is the most important factor in planning which technique of securing the airway is the safest and most appropriate. One must evaluate and assess the risk of further cord injury given head and neck movement, the degree of cooperation from the patient, anatomy and trauma to the airway and one’s own expertise in each technique. 
Airway Management 

(see review article in Anesthesiology 2006 – in essence, no proven right way)

Initially the airway should be cleared of debris, blood and secretions. It should be opened using the ‘chin lift’ or ‘jaw thrust’ manoeuvres. The ‘sniffing the morning air’ position for standard tracheal intubation flexes the lower cervical spine and extends the occiput on the atlas. However, studies (2) have shown that ‘jaw thrust’ and ‘chin lift’ both cause distraction of at least 5mm in a cadaver with C5/6 instability. This movement was unaffected by use of a rigid collar. Manual stabilization did however reduce movement. 
An oral (Guedel) or nasopharyngeal airway may be necessary to maintain patency until a definitive airway is secured. Insertion of an airway produces minimal disturbance to the cervical spine. Bag and mask ventilation also produces a significant degree of movement at zones of instability. 

Tracheal Tube
The safest method of securing a tracheal tube remains debatable. In general, the technique used should be the one the operator is most familiar with. The method is generally unimportant as long as the (potential) cervical spine injury is recognised and reasonable care taken (4). 
The ATLS recommends a nasotracheal tube in the spontaneously breathing patient, and orotracheal intubation in the apnoeic patient. MANUAL in-line axial stabilization must be maintained throughout. The hard collar may interfere with intubation efforts and the front part may be removed to facilitate intubation as long as manual stabilisation is in effect. 
Blind nasal intubation is successful in 90% of patients but requires multiple attempts in up to 90% of these. Nasotracheal intubation is (relatively) contraindicated in patients with potential base of skull fracture or unstable mid-face injuries. In addition, it may produce haemorrhage in the airway, making other airway manipulations difficult or impossible. Nasotracheal intubation in non-trauma patients is often accomplished by rotating or flexing the neck to align the tube correctly. This is not possible in the trauma patient and the procedure becomes more difficult. In the spontaneously breathing patient however, one can hear movement of air at the end of the tracheal tube and thus line the tube up with the trachea. 
Orotracheal intubation is generally accepted as the more usual method for securing the airway in the trauma patient. It is the fastest and surest method of intubating the trachea. At Shock Trauma in Baltimore, Maryland (5) more than 3000 patients were intubated orally with a modified rapid sequence induction technique with pre-oxygenation and cricoid pressure. Ten percent of these patients were found to have cervical spine injury and none deteriorated neurologically following intubation. 
Atlanto-occipital extension is necessary to bring the vocal cords within line-of-sight of the mouth. Thus patients with unstable C1 or C2 injuries might be at more risk from this technique. Direct laryngoscopy has been shown to disturb the cervical spine both in anaesthetised volunteers (3) and in cadavers (7). Manual axial in-line stabilisation reduces this movement by 60%. Papers showing no neurological deficit after direct laryngoscopy have small patient numbers, and there are cases in the literature of quadriplegia following laryngoscopy without manual stabilization. 
Rotando et al evaluated the use of induction agents and muscle relaxants to facilitate intubation and found them to be safe and effective. If possible, patients requiring tracheal tube intubation should be anaesthetised unless very cooperative. In the obtunded head injured patient, anaesthesia is vital to prevent pressor responses to intubation increasing intracranial pressure. Carbon dioxide levels are also much better controlled in the anaesthetised patient. 
The ideal induction agent probably does not exist, and once again it is down to operator experience. Propofol is not recommended for trauma because of the potential for hypotension (as with most IV agents) but has many advantages in these patients and is used in many centres. Its ability to provide total intravenous anaesthesia with good control over the depth of anaesthesia is also very valuable. Thiopentone (pentothal) requires making up to solution but otherwise is very effective and is the standard for rapid sequence induction. Etomidate has been reported to produce less cardiovascular depression than other intravenous induction agents, but this research was done on healthy individuals, and this is not the case for hypovolaemic patients. In addition, the potential adrenal and immunological suppression caused by even one bolus of etomidate puts a question mark on its use in these cases. Ketamine is a very under-used induction agent which maintains cardiovascular stability better than the other intravenous agents. As a non-competitive NMDA receptor antagonist it has neuroprotective effects. Its use is currently contraindicated in patients at risk from raised intracranial pressure as it has been shown to increase cerebral blood flow and so ICP in head injured patients. However, evidence is accumulating that this may not be the case, especially in hypotensive patients, and its effects on ICP may be modulated by agents such as propofol. 
Awake intubation is also a feasible option and is favoured by some practitioners. It has been shown to be safe in the patient with cervical spine injury (8). It may be performed via the nasotracheal route, direct oral laryngoscopy or by fibreoptic technique. 
Successful fibreoptic tracheal intubation requires a cooperative patient, a secretion and blood free airway, a pharynx unrestricted by oedema and adequate supraglottic and infraglottic anaesthesia. Such ideal conditions often do not exist, and local anaesthetic preparation of the airway is time consuming and might increase the risk of aspiration. 

Failed Intubation 

Failed or difficult intubation is always a problem. It is important not to waste time with repeated attempts at intubation while the patient is desaturating. Alternative methods of securing the airway should be instituted as soon as a problem is recognised.
Laryngeal Mask Airway (LMA) 
The LMA is gaining wider support in the management of patients with cervical spine injury. As well as maintaining the airway, a tracheal tube (size 6 or less) may be placed, either blindly or via flexible fibreoptic laryngoscopy. The LMA does not however protect the airway from aspiration, and by acting as a bolus in the pharynx, may actually relax the lower oesophageal sphincter and increase reflux. It’s use should probably be limited to maintenance of the airway after a failed attempt at intubation. 

Combitube

The Combitube is a double lumen tube inserted blindly into the oesophagus or trachea. The position of the tube is confirmed by the presence of breath sounds or capnography. By inflating one of the two cuffs present, the lungs may then be ventilated. Problems arise after positioning with definitive securing of a tracheal tube, and again with protection of the airway from aspiration, although stomach suctioning is possible through the gastric port. 

Cricothyroidotomy

The need for a surgical airway should be recognised quickly and performed by an experienced person without delay. It may be used as a primary airway, with injuries to the pharynx for example, or after failure of orotracheal intubation. It may be a full surgical approach or via a percutaneous needle cricothyroidotomy with high flow oxygen. The potential for carbon dioxide retention with this technique must be remembered and the levels in arterial samples monitored. There are no studies regarding movement of the neck during cricothyroidotomy, ease of cricothyroidotomy with neck immobilisation, or neurological deterioration following cricothyroidotomy.

Verification of Tracheal Tube Placement 

It is vital that the position of the tube is confirmed to be in the trachea. Clinical methods of verification are notoriously unreliable, and patients with chest injuries increase the likelihood of mistakes in this area. Capnography is the gold standard in the operating room to assess tracheal tube position, and this should probably be transferred to the trauma area too. 
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Introduction
Anesthesiologists are often involved in the initial resuscitation and management of trauma victims with possible cervical spine injuries. They should recognize the situations in which such injuries are likely, be familiar with evaluation of the cervical spine, understand the pathophysiology of the spinal cord injuries and evaluate the risks and benefits of alternative approaches to anesthesia and airway management. We will review the management of injuries to the cervical spine and spinal cord, from the initial fracture to the chronic phase of the disease. 

Epidemiology

Few diseases or injuries have greater potential for causing death or devastating effects to the quality of life than cervical spine trauma. It involves people of all age; the age frequency peaks are 15-35 years and greater than 65 years of age. Cervical spine injuries occur in 1.5%-3% of all major trauma cases. The type of accidents include motor vehicle accidents (50%-70%), falls (6%-10%), diving accidents, blunt head and neck traumas, penetrating neck injuries and contact sports injuries. The incidence of cervical spine injuries in head trauma victims is 1%-3% in adults and 0.5% in children, no higher than the figures for trauma victims in general. At least 20% of the patients will have more than one cervical spine fractures. Twenty to 75% of the cervical spine fractures are considered unstable and 30%-70% of these have associated neurologic injuries to the spinal cord. In traumatized patients, 3%-25% of spinal cord injuries occur during field stabilization, transit to the hospital, or early in the course of therapy. This implies that, in order to prevent additional neurologic disability, care of any severely injured patient must include neck stabilization until cervical fracture is ruled out. Since the prognosis for recovery from complete cervical cord lesions is poor, emphasis must be placed first on preventing injury and second on preventing extension of neurologic injury once trauma has occurred. 

Pathophysiology

The goals of resuscitation should be stabilization of the cervical spine, prevention of secondary injury, reduction of the fracture as soon as possible and protection of the spinal cord.
The circulation of the spinal cord is more vulnerable to injury than that of the brain. Immediately following blunt trauma or compression, hemorrhages are seen in the central gray matter. A zone of hemorrhage, edema and necrosis spreads from the central area to involve, in severe injuries, the entire diameter of the cord within 6 to 24 hours. Damage to the gray matter involves only two or three segments at the level of injury. This will cause an interruption of nerve conduction in the fiber tracts, which isolates the region of the body below the level of injury from cerebral control.
There is progressive loss of function after the initial impact for the first 24 hours related to associated secondary injury, edema, disc compression, hematoma and hypoperfusion to the spinal cord. As edema sudsides or circulation is reestablished, the function in some areas may improve slightly; in the absence of further injury, the pattern is usually stable after the first day. The rest of the patient’s progress can be divided in an acute and chronic phase. 
Acute phase of spinal cord injuries (4-6 weeks) 

The immediate response to spinal cord compression is a massive sympathetic stimulation and reflex parasympathetic activity that usually lasts for 3 to 4 minutes and is mediated by alpha-adrenergic receptors. The hemodynamic effects are severe hypertension and reflexe bradycardia or tachyarrhythmias.A 

After this initial response, loss of neurologic function below the injured will cause what is called spinal shock. There is flaccid paralysis of voluntary muscles, areflexia, loss of sympathetic tone ( hypotension and bradycardia in high thoracic or cervical injuries, increased vascular capacitance ), poikilothermia and flaccidity of the GI tract and the bladder with generalized ileus and urinary retention. 

Treatment of cervical spine trauma begins with the realization that patients with head, neck, facial, and multiple injuries may also have cervical spine instability. In the hospital, life-threatening situations are identified and treated during the initial and secondary surveys following the “A,B,C” of trauma resuscitation. The rest of the resuscitation phase should focus on the prevention of secondary injuries to the spinal cord with early fracture stabilization and reduction, early ventilatory support and adequate spinal perfusion (correction of hypotension). Recently, a multicenter trial has shown the usefulness of high dose steroids in the treatment of blunt spinal cord injuries. A bolus of methylprednisolone, 30 mg/kg, followed in 1 hour by an infusion of 5.4 mg/kg/hr for 23 hours, was associated with improvement in both sensory and motor recovery if started within 8 hours of trauma. Body temperature should be monitored at all times. Reflex vascular activity, sweating, and shivering are abolished in spinal shock; thus patients with high-level lesions are generally poikilothermic. Hyperglycemia which commonly occurs in patients with severe systemic stress, has been associated with worse neurologic outcome in animal studies. We recommend tight blood glucose control in the acute phase. 

Progression to the chronic phase 

Sympathetic tone returns to some extent in 4 to 7 days. Resting blood pressure returns to, or toward normal and there may be a mild hypertensive response (autonomic hyperreflexia) to various stimuli such as pain or bladder distention below the level of the lesion. Reflex activity returns after 4 to 6 weeks and the chronic phase begins. This is characterized by spastic motor paralysis with hyperactive tendon reflexes, occasionally severe autonomic hyperreflexia, and some return of involuntary bladder function. 

A patient who sustains paralysis with no sign of distal sparing may have a complete and irreversible cord lesion. When the period of spinal shock is over, which is heralded by the return of the bulbocavernosus reflex (elicited by pulling on the glans penis, tapping the clitoris, or tugging on an indwelling urinary catheter and obtaining a rectal sphincter response), a definitive diagnosis can be made. If the reflex has returned and complete paralysis continues, there will be no neural recovery. 

Two additional considerations are particularly important to the anesthesiologist in the chronic phase: supersensitivity of cholinergic receptors and autonomic hyperreflexia. 

Supersensitivity of cholinergic receptors 

In response to denervation, cholinergic receptors proliferate beyond the end plates of voluntary muscle fibers, eventually to invest the entire cell membrane. The muscle becomes “supersensitive” and contracts maximally in response to a concentration of acetylcholine only 10-4 to 10-5 that needed to initiate contraction in normal muscle. Potassium ion is released suddenly along the entire length of the fiber rather than gradually as the action potential propagates. This produces a rapid rise in serum potassium levels. Succinylcholine induces an identical response and may be associated with a serum potassium increase of 4 to 10 meq/L. 

The extent of this increase is roughly proportional to the amount of paralyzed muscle mass. Within 3 minutes of succinylcholine administration, the serum potassium reaches a peak and may cause irreversible ventricular dysrhythmias and cardiac arrest. Because of muscle supersensitivity, the severity of this reaction is virtually independant of the dose of succinylcholine administered. Although hyperkalemia can be modified somewhat by prior administration of a nondepolarizing muscle relaxant, paralyzing doses are required to eliminate it altogether. Supersensitivity becomes clinically significant within about a week following denervating injury and lasts for at least 6 months to 2 years. Thus, although succinylcholine is safe in the first days of paraplegia, it should be avoided completely after the third or fourth day. 

Autonomic hyperreflexia 
The chronic phase in which spinal reflexes reappear is characterized by autonomic hyperreflexia in a high proportion of patients. Cutaneous, proprioceptive, and visceral stimuli, such as urinary bladder distention, may cause violent muscle spasm and autonomic disturbances. The symptoms of autonomic hyperreflexia are facial tingling, nasal obstruction, severe headache, shortness of breath, nausea and blurred vision. The signs are hypertension, bradycardia, dysrhythmias, sweating, cutaneous vasodilation above and palor below the level of the spinal injury, and occasionally loss of consciousness and seizures. The precipitous blood pressure increase may lead to retinal, cerebral, or subarachnoid hemorrhage, increased myocardial work and pulmonary edema. Patients with chronic spinal cord lesions above T-6 are particularly at risk for this response: 85 % will display autonomic hyperreflexia at some time during the course of daily living. Of course, surgery is a potent stimulus to autonomic response even in patients who give no history of the problem. 

The neuroanatomic pathway of this syndrome have been known for a long time (figure 2). Afferent impulses enter the isolated spinal cord and elicit reflex autonomic output over the entire sympathetic outflow below the level of injury, which is not modulated by higher centers as in the neurologically intact subject. This causes vasoconstriction below the level of injury and resultant hypertension, which stimulates baroreceptors and may cause bradycardia via intact vagal pathways to the heart and vasodilation via intact pathways above the injury. 

Therapeutic methods to reduce the hypertension of autonomic hyperreflexia must act below the level of injury. Ganglionic blockers, alpha-adrenergic blockers, catecholamine depleters, direct vasodilators, and general or regional anesthesia have been recommended for prevention or treatment of autonomic hyperreflexia. 

Cervical Spine Fracture management 

Evaluation of the possibility of a cervical spine fracture

There is a key association between cervical spine injury and neck pain or tenderness in alert trauma patients. Alert patients without neck pain or tenderness should not have a cervical injury and should not require further cervical spine evaluation, neck immobilization, or special precautions during airway management. This criteria must be applied stringently, however. If a patient has the slightest amount of neck discomfort, is not fully alert, or has other very painful injuries, cervical spine precautions must be maintained until the absence of lesion is demonstrated. 

The standard radiologic evaluation consists of 3 views: the cross-table lateral, anterior- posterior, and open-mouth view. All 7 vertebrae must be examined because 20%-30% of all C-spine injuries are at C-7. Pulling the arms and shoulders caudad may be necessary to see C-7. If this is insufficient, raising the arm closest to the film over the head and depressing the opposite arm (the swimmer’s view) may expose it. In doubt, computed tomography (CT) scan is considered the “gold standard”. It is superior to plain films in identifying injuries at C-1 or C-2, showing fine detail and resolving tissue densities. Fractures in an axial plane are difficult to identify by CT scan and ligamentous injuries may not be appreciated. 
A radiologist should evaluate emergency C-spine films, but the anesthesiologist should have the skill in reading them also, as the condition of the spine will usually affect the approach for airway management. Evaluation includes the alignment of the vertebrae, the condition of the bones and cartilage, and the width of the soft tissue spaces and intervertebral spaces. 

Alignment is best assessed by tracing four anatomic lines on the cross-table lateral view. Compression fractures appear as wedging and increased density of the anterior part of the vertebral body or loss of more than 3 mm body height anteriorly. Spinous processes, vertebral bodies, and transverse processes should be aligned from one level to the next on the anteroposterior view. On the open-mouth view, the gap between the lateral masses of C-1 and the dens should be equal on the right and the left sides, and the lateral masses should not extend beyond the body of C-2. Deviation indicates a fracture of the vertebral arch of C-1, a Jefferson fracture. Assessment of cartilage includes the disk spaces and facet joints. The disk spaces should be uniform and of roughly equal height and width at all levels. The facet joints, the articulations between the lamina and pedicles of adjacent vertebrae, should be roughly the same width at all levels. 

Widening of the soft tissue spaces suggests hemorrhage, edema, abscess, foreign body, or tumor, and may be the only sign of an injury at C-1 or C-2. The space between the anterior border of C-2 and the pharyngeal air density should be no wider than 7 mm. The space between the air density and the body of C-7 should be no greater than 2 cm. This is the rule of 27: 2 cm maximum width at C-7 and maximum width at C-2 of 7 mm. Finally, atlantal fractures can be either stable or unstable. In all cases, the atlantal ring is broken in at least 2 places. Fractures of the ring in which the transverse ligament is intact are stable, whereas fractures associated with ligament rupture are unstable. Posterior movement of the dens greater than 3 mm behind the anterior ring of the atlas implies significant injury to the transverse ligament. 
The cross-table lateral view if used alone will be missing 15%-25% of cervical spine injuries. The combination of the cross-table lateral, anterior-posterior, and open-mouth views will be missing 8% of fractures. The missed injuries were often unstable in the above studies. As the sensitivity of plain films is only 75%-90%, negative plain radiographs cannot be used as sufficient criteria for ruling out a cervical spine fracture, especially if a patient is at high risk. High risk patients include front-end motor vehicle accidents (>35 mph) without seatbelts, head-first falls and equivocal C-spine roentgenograms. They are believed to have at least a 10% chance of having a C-spine injury. Given a 10% false-negative rate, a set of plain films negative for spine injuries reduces the probability of an injury to 1% (not 0%). 
Cervical spine immobilization 

The trauma patient’s neck must be immobilized as soon as help arrives at the scene of the accident until complete evaluation shows that there is no injury. Soft collars are unsatisfactory for immobilization because they permit 75% of normal neck movement. Rigid collars, such as the Philadelphia and the extrication collars, reduce flexion and extension to about 30% normal and rotation and lateral movement to about 50%. The best immobilization method is to secure the patient to a hard board from the head to feet, place sandbags at either side of the head and put a rigid collar around the neck. This decreases movement to about 5% of normal. 

• Low risk criteria for cervical trauma

(i.e. low risk of unstable cervical fracture, therefore Xray not required)


NEXUS low risk criteria:

No posterior midline cervical-spine tenderness

No evidence of intoxication

A normal state of alertness (GCS 15)

No focal neuro deficit

No painful distracting lesion (i.e., severe pain sufficient to distract the patient)

Airway management 

Many airway management plans would be reasonable for patients with potential cervical spine injuries because there is no evidence for the superiority of any individual tracheal intubation technique. The urgency of airway intervention is the most important factor in planning airway management for patients with potential C-spine injuries. Other considerations include the assessment of the risk of cord injury with head and neck movement, the airway anatomy, the patient’s degree of cooperation, and the anesthesiologist’s expertise. 
The safety of orotracheal intubation for patients with potential C-spine injury has been documented in recent years. For patients requiring immediate and/or urgent airway control, we recommend rapid sequence induction followed by orotracheal intubation with cricoid pressure and manual in-line immobilization of the head and neck.Precise cervical spine in-line immobilization should be maintained throughout the intubation maneuvers. This technique, also called manual in-line axial traction is an active process done by a second individual who is responsible for applying a varying amount of force to counteract the movements of the laryngoscopist, in an attempt to stabilize the cervical spine. The patient lies supine with the head in neutral position; an assistant applies manual in-line immobilization by grasping the mastoid processes, whereupon the front of a rigid collar can be removed safely; the collar can impede mouth opening, does not contribute significantly to neck stabilization during laryngoscopy, and will be an obstruction if surgical airway is required. This technique of emergency airway management involves a minimum of three, but ideally four individuals: the first to pre- oxygenate and intubate, the second to apply cricoid pressure, the third to maintain manual in-line immobilization of the head and neck and the fourth to give intravenous drugs and assist. 

For non-urgent and elective airway control, we believe that awake, fiberoptic intubation technique should be used. Although there is no proof that this method minimizes C-spine movement, it does not depend on atlanto-occipital extension and the head and the neck stabilizing devices can be left in place. 

Conclusion

Anesthesiologists should be able to recognize situations in which cervical spine injuries are likely, be familiar with the evaluation of the cervical spine, understand the pathophysiology of spinal cord injuries and evaluate the risks and benefits of alternative approaches to anesthesia and airway management. 
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•Percutaneous Tracheostomy

Percutaneous tracheostomy is now a well estabished technique used in the critical care setting. In general it is an elective procedure, and not suitable for the emergency airway, although this has been described. 

Although the technique may be performed blind, whenever possible the trachea should be visualised via an intubating fibreoptic laryngoscope passed down the tracheal tube. Two operators are required for the procedure, one performing the tracheostomy, and one at the head of the patient looking after the airway, anaesthesia and bronchoscopy.

Equipment

The percutaneous trachesotomy set illustrated is manufactured by Cook Critical Care, although other sets are available. It consists of a Seldinger type needle & wire, over which a guide and then series of dilators are passed. In addition to the equipment given, one also needs :

· Sterile field & cleaning fluid 

· Lubricating jelly (plenty of) 

· Local anaesthetic with adrenaline 

· Tracheal dilator 

· Fibreoptic laryngoscope/bronchoscope 

· Catheter mount to accept scope 

· Intravenous anaesthesia 

Airway Management

Although inhalation anaesthesia is possible, a total intravenous technique provides much smoother anaesthesia and better conditions for performing the bronchoscopy and tracheostomy. A combined propofol and opioid technique is a favoured option. Full monitoring is instituted, and ventilatory parameters altered during the bronchoscopy to maintain adequate oxygenation and end-tidal CO2 levels.

Following induction of anaesthesia, the patient is prepped and draped. The bronchoscope is passed through a tracheal tube and the anatomy of the airway visualised. The aim of the fibreoptic scope is to ensure correct initial placement of the introducer needle, in the midline and through the second or third tracheal rings. Subsequent to this, it will monitor dilation of the trachea, and ensure the introducer is not remains in the trachea 

Although not necessary for the procedure, information from bronchoscopy is very useful and it should always be used when learning the technique. 

Landmarks

The patient is positioned with the neck extended, with a intravenous fluid bag between the shoulder blades and the head in a head ring. This brings as much of the trachea as possible into the neck. The important landmarks have been drawn on the patient in the picture at left.

The larynx (hatched) and cricoid cartilage with the intervening cricothyroid membrane are identified. The suprasternal notch has also been marked. From the cricoid, moving caudally, the tracheal rings are identified. The tracheostomy should ideally pass between the second and third tracheal rings, although a space one higher or lower may be employed. Placing the airway higher, next to the cricoid can cause tracheal erosion and long term problems. 

Seldinger Method

Local anaesthetic with adrenaline is infiltrated subcutaneously, and a 1cm incision made horizontally with a scalpel. Keeping in the midline at all times, the introducer needle and syringe are advanced, at 45 degrees to the skin, until air is aspirated from the trachea.

The guidewire is passed through the needle, then the small dilator (green) is passed. this is then removed and the white introducer passed into the trachea. The guidewire is removed. Now only the white introducer is left in the trachea. 

Dilation

Over this the tracheal dilators (blue) are passed in order, gradually dilating the incision to accommodate the appropriately sized tracheostomy tube. Plenty of lubricating jelly is applied to each dilator, and they are passed down the tract with a twisting motion. Only moderate downward force is applied. If the dilator does not pass easily, return to the previous smaller dilator and ensure it passes freely and easily. Often it is the skin that impedes progress, and the incision has to be slightly widened with the scalpel

Each size of tracheostomy tube has a corresponding dilator size (see the manufacturers instructions), and this should pass freely and easily into the trachea before attempting to insert the tracheostomy tube. 

Tube placement

Once the tracheostomy will easily accept the final dilator, the tracheostomy tube (cuff already checked) is loaded onto the dilator one size lower. The tracheal tube is wathdrawn, under direct vision, into the larynx, and the tracheostomy tube is passed over the introducer into the trachea. Once again, undue force should not be necessary. Use plenty of jelly and if required return to the previous dilator.

The use of the tracheal dilator instruments is rarely necessary, and may be hazardous. However, if the introducer is inadvertently pulled out of the trachea, or some other mishap occurs, they may be useful in relocating the tract for replacement. 

 • Trauma: Airway Management

ASA Difficult Airway Algorithm Modified for Trauma — and Five Common Trauma Intubation Scenarios 
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ontrary to popular opinion, trauma and emergency intubation situations can be aptly handled by following the ASA Difficult Airway (DA) Algorithm. To do so, however, requires that certain elements of the algorithm be de-emphasized (e.g., references to stopping airway management and coming back later).

This article summarizes the important concepts that have been developed over the last decade in management of the traumatized airway. Because airway management is the most important initial element in trauma management, and because anesthesiologists are typically providing this support, it is important that our specialty develop an organized approach to the general condition of the “trauma airway” as well as for several common trauma DA scenarios. 

To this end, this article provides a brief history of the ASA DA Algorithm, followed by a survey of the current algorithm (published in Anesthesiology in May 2003), focusing upon the exceptions and emphasizing trauma. After this, five common trauma scenarios with airway considerations are explored with their condition specific algorithms. PETCO2 detection is recommended for confirming endotracheal tube (ETT) position when cardiac output is adequate. When cardiac output is inadequate to demonstrate exhaled CO2, the self-inflating bulb (SIB), also known as the esophageal detector device (EDD), should be used to confirm ETT position when the cardiac output is not adequate.

These algorithms represent years of refinement. Although they represent the current state of the art as of November 2005, they should still be considered works in progress. We are continuously looking for improved clarity of thought and improvements in patient safety during emergency trauma airway management. 

Some material in this article was presented by William C. Wilson, M.D., University of California-San Diego Medical Center, and Mohammad I. El-Orbany, M.D., Ninos J. Joseph, B.S., and M. Ramez Salem, M.D., Department of Anesthesiology, Advocate Illinois Masonic Medical Center, Chicago, Illinois, as a Scientific Exhibit at the 2003 ASA Annual Meeting in San Francisco.
ASA Difficult Airway Algorithm Development
Practice guidelines for management of the DA were originally published in 1993 (Anesthesiology. 1993; 78:597-602) and were updated recently in a report published by the ASA Task Force on Management of the Difficult Airway in May 2003 (Anesthesiology. 2003; 98:1269-1277).

The original practice guidelines (1993) were published by a task force of ASA members who expounded upon the original ideas put forth in a “Medical Intelligence Article” in Anesthesiology written by Jonathan L. Benumof, M.D., in 1991 titled “Management of the Difficult Airway” (Anesthesiology. 1991; 75:1087-1110).

In 1996, Dr. Benumof wrote another landmark article discussing the development and use of the laryngeal mask airway (LMA) and its implications on the ASA DA Algorithm (Anesthesiology. 1996; 84:686-699). This article contributed to ASA’s decision to revise the 1993 algorithm. The current (May 2003) version emerged after the ASA task force reviewed the literature published over the last 60 years and obtained expert opinions from other ASA members to build a consensus.

2003 Practice Guidelines Key Points
A. Airway history is useful (ask patient, check chart/bracelet).

B. Airway examination (11 Step) should be conducted on all patients whenever feasible.
Table 1: Eleven Step Airway Examination
Step
Airway Examination Component
Non-reassuring Findings
------------------------------------------------------------------------

1
Length of upper Incisors
Relatively long

------------------------------------------------------------------------

2
Maxillary–mandibular incisor relationship
Prominent “overbite”

------------------------------------------------------------------------

3
Ability To prognanth jaw
Unable

------------------------------------------------------------------------

4
Interincisor distance
< 3 cm

------------------------------------------------------------------------

5
Visibility of uvula
Mallampati class III/IV

------------------------------------------------------------------------

6
Shape of palate
Highly arched or narrow

------------------------------------------------------------------------

7
Mandibular space compliance
Stiff, indurated, noncompliant

------------------------------------------------------------------------

8
Thyromental distance
< 3 “normal finger” breadths

------------------------------------------------------------------------

9
Length of neck
Short

------------------------------------------------------------------------

10
Thickness of neck
Thick

------------------------------------------------------------------------

11
ROM of head & neck 

Note: Cannot examine ROM in unstable C-spine patients!
Incomplete ROM.

Assume incomplete ROM in

C-spine (unless cleared)
C. Additional evaluation may be indicated in some patients (e.g., RA patients should have flexion/extension c-spine x-rays).

D. Basic preparation for a difficult airway, per 2003 ASA DA Guidelines requires a portable DA storage unit with contents that include airway tools that can assist management of the difficult airway. These are listed in Table 2.
E. When a patient is identified as having a DA several things should happen:

1. Inform patient / family of risks, plans, & alternate management methods

2. Identify an experienced helper to assist in managing the DA

3. Pre-oxygenate

4. Pursue opportunities to administer O2 to patient during DA management

 

Table 2: Suggested Contents of D.A. Portable Storage Unit
1
Rigid laryngoscope blades of alternate design and size from those routinely used; this may include a rigid fiberoptic laryngoscope.

------------------------------------------------------------------------

2
Tracheal tubes of assorted sizes

------------------------------------------------------------------------

3
Tracheal tube guides. Examples include (but are not limited to) semi rigid stylets, ventilating tube changer, light wands, and forceps designed to manipulate the distal portion of the ETT.

------------------------------------------------------------------------

4
Laryngeal mask airways of assorted sizes; this may include the intubating laryngeal mask airway and the LMA Proseal™ (LMA North America, Inc., San Diego, CA)
------------------------------------------------------------------------

5
Flexible fiberoptic intubation equipment

------------------------------------------------------------------------

6
Retrograde intubation equipment

------------------------------------------------------------------------

7
7. At least one device suitable for emergency noninvasive airway ventilation. Examples include (but are not limited to) an esophageal-treacheal combitube (Kendall-Sheridan Catheter Corp., Argyle, NY), a hollow jet ventilation stylet, and a transtracheal jet ventilator.

------------------------------------------------------------------------

8
Equipment for an emergency invasive airway (e.g., cricothyrotomy)

------------------------------------------------------------------------

9
An exhaled CO2 detector + Esophageal Detector Device (S.I.B.)*
------------------------------------------------------------------------

The items listed in this table represent suggestions. The contents of the portable storage unit should be customized* to meet the specific needs, preferences, and skills of the practitioner and healthcare facility.

------------------------------------------------------------------------

F. The anesthesiologist should have a strategy for DA management—one such strategy is following the ASA DA algorithm (See ASA DA algorithm -Modified For Trauma). Every DA strategy requires the following elements:

1. Assess the likelihood of any one of the 4 basic problems:

• Difficult Ventilation

• Difficult Intubation

• Difficulty with patient Cooperation or Consent

• Difficult Tracheostomy

2. Consider the merits of crossing the 3 basic bridges to airway access: 

• Awake vs. general anesthesia (RSI +/- modified with PPV)

• Natural airway with endotracheal tube (ETT) vs. surgical airway

• Spontaneous ventilation vs. apnea

3. Identify the preferred primary approach (patient & condition specific).

4. Identify a back up approach (i.e., Plan “B”). See Table 3 for options.

Table 3: Techniques for Difficult Airway Management
Technique of Difficult Intubation
Techniques for Difficult Ventilation
------------------------------------------------------------------------

Alternative laryngoscope blades
Esophageal-tracheal Combitube (ETC)

------------------------------------------------------------------------

Awake intubation
Intratracheal jet stylet

------------------------------------------------------------------------

Blind intubation (oral or nasal)
Laryngeal mask airway (LMA)

------------------------------------------------------------------------

Fiberoptic intubation (FOB)
Oral & nasopharyngeal airways

------------------------------------------------------------------------

Intubating stylet or tube changer
Rigid ventilating bronchoscope

------------------------------------------------------------------------

LMA as an intubating conduit
Invasive airway access

------------------------------------------------------------------------

Light wand
Transtracheal jet ventilation (TTJV)

------------------------------------------------------------------------

Retrograde intubation
Two-person mask ventilation

------------------------------------------------------------------------

Invasive “surgical airway” access (e.g. Cricothyroidotomy kit)
Invasive “surgical airway” access (e.g. Cricothyroidotomy kit)

------------------------------------------------------------------------

This table displays commonly cited techniques. It is not a comprehensive list. The order of presentation does not imply preference for a given technique or sequence of use. Combinations of techniques may be employed. The techniques chosen by the practitioner in a particular case will depend upon specific needs, preferences, skills, and clinical constraints.
------------------------------------------------------------------------

5. Exhaled CO2 should be used for confirmation of tracheal intubation.

6. Consideration of conducting surgery with regional/local technique. (Significant judgment is required for determining which DA trauma patients can be safely managed using a regional technique. Regional is seldom wise for acute trauma (Table 4). 

Table 4: Use of Regional Anesthesia (R.A.) for Trauma Patients with Difficult Airways
GOOD IDEA
BAD IDEA
RATIONALE
------------------------------------------------------------------------

Superficial extremity repair under R.A. -cooperative, HD stable, sober patient
Major head, chest, abd. surgery under R.A. - Pt with altered sensorium
Risk of deterioration from injuries, R.A. failure or complication

------------------------------------------------------------------------

Can stop surgery anytime
Cannot stop surgery;

Inc’d RA risks
Ability to start over with new plan

------------------------------------------------------------------------

Good access to airway, have awake intubation agreement, no sedation
Poor access to airway, no awake intubation agreement, or Å´’d M.S.
Ability to do awake intubation in the middle of the operation

------------------------------------------------------------------------

G. The anesthesiologist should also have a strategy for extubation or tube change of the DA patient. Every DA extubation strategy requires consideration of the following 4 elements:

1. Consider the relative merits of awake extubation (should be universally employed).

2. Evaluate the factors that may adversely impact ventilation after extubation

3. Formulate an airway management plan that can be implemented if the patient is not able to maintain adequate ventilation after extubation

4. Consider use of an airway exchange catheter (AEC) for short-term use. An AEC can serve as a guide for expedited reintubation, or (via the hollow inner core) as a method to provide O2 -by insufflation (if patient breathing spontaneously) - or via jet ventilation.

H. Follow-up care

1. Inform patient/family of difficulty. Suggest patient get a card in wallet and a bracelet stating difficult airway

2. Document in chart specific problems with mask ventilation, LMA ventilation & intubation. Also, document which tools were used successfully or unsuccessfully. Provide all guidance relevant for the next person managing the patient in the future.

2003 Difficult Airway Algorithm (click to enlarge)

 [image: image1.wmf]
Modifications of the ASA DA Algorithm for Trauma (shown on above algorithm)
A. Stopping to come back another day is seldom an option with trauma.
B. A surgical airway may be the first/best choice in certain conditions.
C. An awake ETT technique should be chosen in a DA patient providing the patient is cooperative, stable, and spontaneously ventilating.

D. If the patient becomes uncooperative/combative general anesthesia (GA) may need to be administered — but if the airway is difficult, spontaneous ventilation (SV) should be continued (if possible).

E. Awake limb of the ASA Algorithm—Trauma Notes. An awake intubation technique is recommended for all trauma patients with a recognized difficult airway…. Providing the patient is cooperative, stable, and maintains spontaneous ventilation and adequacy of O2 saturation. The ASA DA Algorithm does not endorse any particular airway technique. However, it does emphasize that the patient must be properly prepared (mentally & physically) for an awake technique.

F. Anesthetized or uncooperative limb of ASA DA Algorithm — Trauma Notes. There are three common conditions when the need arises to intubate the trachea of an unconscious or anesthetized trauma patient with a DA:

1. Clinician fails to recognize a difficult airway in preoperative evaluation prior to the induction of anesthesia.

2. The DA patient is already unconscious prior to being assessed by the trauma anesthesiologist.

3. The patient obviously has a DA, but is hemodynamically unstable (e.g., following trauma) or absolutely refuses to cooperate with an awake intubation (e.g., child, mentally retarded, drugged, or head-injured adult). 

Once the patient is anesthetized or is rendered apneic or presents comatose and the trachea cannot be intubated, O2, enriched mask ventilation (MV) is attempted.
If MV adequate, a number of intubation techniques may be employed. Techniques allowing continuous ventilation during airway manipulations are favored over those requiring an interruption of mask ventilation (e.g., FOB, via an LMA or an airway intubating mask, with self-sealing diaphragm). 

Alternatively, techniques requiring a cessation of ventilation (at least temporarily) can be employed. These techniques are relatively contraindicated for patients with large right-to-left transpulmonary shunt, or decreased FRC.

G. Confirmation of endotracheal tube (ETT) position. Immediately after the patient's trachea is intubated, one must confirm ETT position with end-tidal CO2 measurement. If end-tidal CO2 measurement is unavailable, Wee's esophageal detector device (EDD) is reasonably reliable (close to 100% sensitive and specific).

H. Extubation or ETT change of the DA. If the conditions that caused the airway to be difficult to intubate still exist at the time of extubation, or if new DA conditions exist (e.g., airway edema, halo), then the trachea should be extubated over an AEC and or with the assistance of a FOB. 

------------------------------------------------------------------------

ASA DA Algorithm Applied to Specific Trauma Conditions 
Closed-Head Injury/Intoxication
CLOSED HEAD INJURY / INTOXICATION
At left: CT of brain demonstrating severe closed- head injury with right temporoparital subdural hematoma.
General Considerations
If DA, do an awake intubation, provided the patient is cooperative, stable, maintains SV and has a GCS > 9.
Key Questions:
How severe?
• GCS <= 9 = RSI (± modified, i.e., cricoid pressure, ± PPV)

• GCS > 9 = Awake option

Cooperative?
If yes, do awake technique.

Key Management Points:
A. Keep CPP > 70

B. Avoid hypoxia

C. Expedite airway management (may need to temporarily hyperventilate)
Closed Head Injury Algorithm (click to enlarge)
------------------------------------------------------------------------

Cervical Spine injury
CERVICAL SPINE INJURY
A. Lateral C-spine X-ray showing C5-6 bifacet dislocation. 

B. Lateral C-spine X-ray showing atlanto-occipital dislocation.
General Considerations
If DA, do an awake intubation, provided the patient is cooperative, stable, maintains SV, especially if the patient has neurological symptoms from spinal cord injury (SCI).
Key Questions:
Does the rest of the airway examination (HMD < 6 cm,

Mallampati Class IV, small mouth) predict a DA??
If yes, do awake.

Does the patient have a neurological deficit?
If yes, do awake technique.

Key Management Points:
A. Maintain In-line immobilization.

B. For RSI, maintain cricoid pressure with one hand supporting neck

from behind. 

Cervical Spine Injury Algorithm
* The awake FOB technique is = rigid direct laryngoscopy/GA providing no neck movement. 

------------------------------------------------------------------------

Airway Disruption
Airway Disruption 
Left: Site-specific frequencies of blunt traumatic airway injuries. Bottom: Biomechanics of blunt trauma to the major airways.

General Considerations
Do an awake intubation, provided the patient is cooperative, stable, maintains SV, especially for major laryngeal/ tracheal tears.
Key Questions:
Major laryngeal/tracheal tears?
If so, do awake technique. 

Small lesions? Or supralaryngeal?
If so, RSI (± modified).

Key Management Points:
A. Maintain SV even with modified RSI technique.

B. Get ETT below tear.

C. Do not pressurize airway proximal to tear.

D. No TTJV, LMA, etc.

E. Consider DLT, Consider CPB.

Airway Disruption Algorithm
------------------------------------------------------------------------

Airway Compression

Airway Compression
Traumatic injury to face, maxilla and mandible. (Image courtesy of Pablo Pratesi, Hospital Universitario Austral, Argentina.)

General Considerations
A. Do awake ETT, provided the patient is cooperative, stable, maintains SV and O2 saturation and is able to clear airway of blood, foreign bodies, secretions and maintain patency.

B. MV may be difficult even if ETT is easy.

C. Blind nasal technique is contraindicated if: CSF leak, Le Fort or basal skull fracture.

D. Initial decision-making based upon A.B.C.s; later, must be practical with the need for future jaw wiring.

Key Questions:
Life-threatening obstruction?
If yes, surgical airway.

Not life-threatening (i.e., able to clear airway)? 
Then consider DA issues as well as need for jaw wiring.

Maxillary-Facial Trauma Algorithm
N.B. May need to convert from oral to nasal or trach later (for jaw wiring considerations). 

------------------------------------------------------------------------

Airway Compression
Airway Compression
Lateral C-spine X-ray (top) and CT scan (bottom) showing massive retropharyngeal hematoma
General Considerations
Do awake intubation, provided the patient is cooperative, stable, maintains SV, not life-threatening and able to maintain patency.

Key Questions:
Life-threatening obstruction?
If so, surgical airway. 

Not life-threatening? 
If not, FOB a good choice as long as able to see entire way.

Key Management Points:
A. Maintain SV even when with GA (modified RSI).

B. Get ETT below obstruction.

C. No supraglottic solutions (LMA, ETC, etc.).

D. If using TTJV, may need help with exhalation. Consider opening wound if strider due to postoperative expanding neck hematoma.

Airway Compression Algorithm
------------------------------------------------------------------------

VERIFICATION OF ETT POSITION 
A. VERIFICATION OF ETT POSITION FOLLOWING & INSERTION 
Direct ETT position verification is best (see ETT in trachea, see tracheal rings with FOB, see ETT going through cords with rigid direct laryngoscopy. Indirect methods are more error prone. However, PETCO2 and the SIB (or the EDD) are the best indirect methods for verification of ETT position. 

General Considerations
Do awake intubation, provided the patient is cooperative, stable, maintains SV, not life-threatening and able to maintain patency.

A. In E.R. & I.C.U. settings, a CXR reveals mal-positioning of ETT.

B. Other techniques (FOB, cuff ballottement, etc.) can decrease CXR use 

Notes on PETCO2 During Resus.
Do awake intubation, provided the patient is cooperative, stable, maintains SV, not life-threatening and able to maintain patency.

During Circ. arrest, CO2 monitoring can be unreliable despite ETT position. In these patients, devices such as the SIB or the EDD are more helpful.

However, during C.P.R., monitoring CO2 provides a prognostic indicator of resuscitation efficacy.

B. VERIFICATION OF ETT POSITION IN ICU PATIENTS (Electively) 
Previously placed ETTs can migrate, and become disloged. Accordingly their correct positioning should be verified from time to time. Additionally, circumstances arise where more urgent re-evaluation of ETT position is waranted (e.g. cuff leak). 

ETT Should Be Verified periodically & following: 
1. Changes in tube position

2. Changes in head, neck, or body position

3. suspected decrease in FRC (e.g. Abd. Dist.)

4. Traction on the trachea or esophagus

5. Unexpected fall in SaO2

6. Biphasic CO2 waveform

7. Unexpected cuff leak

Cuff leak after adequate cuff inflation can be due to:
1. Cuff protruding above cords

2. ETT (& cuff) too small

3. Extremely compliant airway (e.g.Tracheomalacia)

4. T-E fistula (very rare)

5. Defective /damaged cuff

6. Defective pilot-balloon

7. Kinking of connecting 

------------------------------------------------------------------------

ETT CHANGE IN I.C.U. PATIENTS WITH DIFFICULT AIRWAYS

“Generally a hazardous intervention when conducted in critically ill patients” 

General Points To Consider Prior To Changing ETT:
1. Determine urgency & necessity for ETT change

2. Have necessary equipment & assistance available

3. Have a back-up plan “B”, prepared & available (esp. if D.A.)

4. Try simple maneuvers that obviate need for ETT Change

5. Provide O2, and use oximetry & capnography monitoring

6. Prepare pt. (topical anesthesia, antisialogogue, sedation)

7. Changing Nasal-> Oral, Oral -> Nasal, more complicated

Algo. Specific Points:
1) Determine route of the ETT replacement (oral vs. nasal)

2) Regardless if using FOB, or RDL,… an A.E.C. should be considered – as a back up safety tool (see specific comments below)

3) Maintain SV whenever able

Specific Remarks about R.D.L., F.O.B. and A.E.C. during ETT changes in Critically Ill patients are provided on below. 

A. Use of Rigid Direct Laryngoscopy (RDL)
Rigid Direct Laryngoscopy is the most common method of tube exchange – but, is only appropriate when clinical indicators suggests easy laryngoscopy, and lack of airway swelling

Technique:

1. Preoxygenation, sedation and neuromuscular blockade (if appropriate)

2. Suction oropharynx (consider placing A.E.C. – see below)

3. Perform direct laryngoscopy exposing glottis end entry of existing tube

4. Place new tube in close proximity to old ETT, Deflate cuff of existing ETT

5. Instruct assistant to slowly withdraw existing ETT, immediately insert the new one

6. Confirm ETT position using capnography and clinical signs.

B. Use of the Flexible Fiberoptic Bronchoscope
Use flexible fiberoptic bronchoscope (FOB) to exchange ETT, nasal to nasal, nasal to oral, oral to oral and oral to nasal.

Technique:

1. Preoxygenation, sedation, antisialogogue, topical anesthesia & mucosal vasoconstriction (if nasal)

2. Suction oropharynx and nasopharynx (as appropriate)

3. Preload the FOB with desired ETT, preferably with bronchoscopic adapter attached.

4. Thoroughly lubricate the FOB and the ETT

5A. IF new tube to be oral - Pass the scope orally (± oral intubating airway), advance FOB through the larynx (anterior to the existing ETT)

5B. IF new tube to be Nasal - Pass the scope nasally, advance FOB through the larynx (anterior to the existing ETT)

6. Deflate the cuff and maneuver the FOB beyond it to just above the carina

7. Have an assistant slowly withdraw the preexisting tube

8. Thread the ETT over the FOB as soon the old ETT is above the larynx

9. If problems are encountered in threading the new ETT over the FOB, be sure the FOB is straight, and twist the ETT 180 degrees as the ETT is threaded into the airway.

10. Ventilate through the adapter once the replacement ETT is in or withdraw the FOB and start ventilation. 

C. Use of Hollow Tube Airway Exchange Catheters (A.E.C.s)
(Involves verification of in situ ETT position with PETCO2 or self-inflating bulb (SIB)

Technique:

1. An appropriate sized hollow A.E.C. fitted with a 15 mm airway adapter is prepared

2. The position of the in situ ETT is verified by PETCO2 or the SIB

3. The catheter is advanced beyond the distal tip of the in situ tube

4. The position of the hollow catheter is verified by PETCO2 or the SIB & the 15 mm airway adapter is removed.

5. The existing ETT is withdrawn after cuff deflation (and suctioning) while the catheter is firmly held in place by assistant.

6. The new lubricated ETT (fitted with a FOB / A.E.C. adapter with a self-sealing diaphragm) is threaded over the catheter and positioned in place.

7. The position of the new ETT is verified using PETCO2 or the SIB connected to the side arm of the adapter while occluding the catheter proximally.

8. The catheter is finally withdrawn

9. Further confirmation of tube position can be obtained with a F.O.B. 

• THORACIC TRAUMA
Initial Evaluation
Introduction
Hypoxia and hypoventilation are the primary killers of acute trauma patients. Assessment of ventilation is therefore given high priority in the primary survey - as the second ‘B’ or Breathing stage. It may be obvious that there is a ventilatory problem during assessment of the airway. Similarly, the identification or actual severity of certain conditions may only be determined subsequently, after assessment of the circulation or the use of monitoring or diagnostic adjuncts.
Life-threatening injuries should be identified and treated immediately. Injuries may develop over time, and become life-threatening during the course of a resuscitation. Re-assessment and evaluation is therefore extremely important, especially if the patient’s condition deteriorates. 
Mechanism of Injury
Mechanism of injury is important in so far as blunt and penetrating injuries have different pathophysiologies and clinical courses. Most blunt injuries are managed non-operatively or with simple interventions like intubation and ventilation and chest tube insertion. Diangosis of blunt injuries may be more difficult and require additional investigations such as CT scanning. In contrast, penetrating injuries are more likely to require operation, and complex investigations are required infrequently. Patients with penetrating trauma may deteriorate rapidly, and recover much faster than patients with blunt injury.

INITIAL EVALUATION

Primary Survey
The principal aim of the primary survey is to identify and treat immediately life-threatening conditions. The life-threatening chest injuries are:
1.
Tension Pneumothorax
2.
Massive Haemothorax
3.
Open Pneumothorax
4.
Cardiac Tamponade
5.
Flail chest
Monitoring Adjuncts
1.
Oxygen Saturation
2.
End-tidal CO2 (if intubated)
Diagnostic Adjuncts
1.
Chest X-ray
2.
FAST ultrasound
3.
Arterial Blood Gas
Interventions
· Chest drain
· ED Thoracotomy
Secondary Survey
The secondary survey is a more detailed and complete examination, aimed at identifying all injuries and planning further investigation and treatment. Chest injuries identified on secondary survey and its adjuncts are:
1.
Rib Fractures & flail chest
2.
Pulmonary contusion
3.
Simple pneumothorax
4.
Simple haemothorax
5.
Blunt aortic injury
6.
Blunt myocardial injury
Physical examination
Physical examination is the primary tool for diagnosis of acute thoracic trauma. However, in the noisy emergency room, or in the prehospital arena, an adequate physical examination may be very difficult. Even under ideal conditions, signs of significant thoracic injury may be subtle or even absent. It is important also to understand that these conditions develop over time. With the advantages of rapid prehospital transport many of these conditions will not have fully developed by the time the patient reaches the emergency department. While the initial primary survey may identify some of these conditions, an initial normal examination does not exclude any of them, and serial examinations and use of diagnostic adjuncts is important. 
Physical examination includes:
Look
Determine the respiratory rate and depth

Look for chest wall asymmetry. Paradoxical chest wall motion 

Look for bruising, seat belt or steering wheel marks, penetrating wounds
Feel
Feel for the trachea for deviation

Assess whether there is adequate and equal chest wall movement

Feel for chest wall tenderness or rib ‘crunching’ indicating rib fractures

Feel for subcutaneous emphysema
Listen
Listen for normal, equal breath sounds on both sides.

Listen especially in the apices and axillae and at the back of the chest (or as far as you can get while supine).
Percuss
Percuss both sides of the chest looking for dullness or resonance (more difficult to appreciate in the trauma room).

Chest wall asymmetry

Tension Pneumothorax
Subcutaneous Emphysema

Pneumothorax
Seat belt injury

Classical physical examination findings:
The size of the injury, and position of the patient will affect the clinical findings. For example, a small haemothorax may have no clinical signs at all. A moderate haemothorax will be dull to percussion with absent breath sounds at the bases in the erect patient, whereas signs will be posterior in the supine patient. This is also reflected in chest X-ray findings.

Trachea


Expansion


Breath Sounds


Percussion

Tension Pneumothorax

Away

Decreased.

Chest may be fixed in hyper-expansion

Diminshed or absent

Hyper-resonant
Simple Pneumothorax

Midline

Decreased

May be diminished

May be hyper-resonant. Usually normal
Haemothorax

Midline

Decreased

Diminished if large. Normal if small

Dull, especially posteriorly
Pulmonary Contusion

Midline

Normal

Normal. May have crackles

Normal
Lung collapse

Towards

Decreased

May be reduced

Normal

Note also how a collapsed lung on one side can mimic a tension pneumothorax on the other side. This is a common error, usually occuring when a tracheal tube has been incorrectly placed in the right main bronchus, obstructing the right upper lobe bronchus. This leads to collapse of the right upper lobe and shift of the trachea to the right. The left chest appears hype-resonant compared to the left, and breath sounds may be difficult to determine. The patient may end up with an unnecessary chest drain. 

Right upper lobe collapse

Unnecessary left chest drain

Monitoring adjuncts
Oxygen saturation
Pulse oximetry allows continuous, non-invasive assessent of arterial haemoglobin oxygen saturation. Continuous oxgen saturation monitoring should be used during the resuscitation of all trauma patients.
End-tidal carbon dioxide
End-tidal carbon dioxide monitoring (ETCO2) should be used in all intubated trauma patients. ETCO2 is the only definitive method of confirming placement of a tracheal tube. Other methods, such as watching for chest wall movement and listening to breath sounds or for air in the stomach are inaccurrate, especially in the setting of the trauma resuscitation room.
ETCO2 also allows for the estimation of the arterial PaCO2 level, and for its continuous montioring. This is important for all mechanically ventilated patients and vital for patients with traumatic brain injury.

Diagnostic adjuncts
Chest X-ray
The plain antero-posterior chest radiograph remains the standard initial evaluation for the evaluation of chest trauma. The indications and techniques are slightly different for blunt and penetrating trauma:
Blunt
All blunt trauma patients should have a portable chest X-ray performed in the trauma resuscitation room. The discussion on physical examination above highlights the inaccurracy of clinical signs in the trauma patient. The chest X-ray is a rapid screening examination that will identify significant thoracic problems requiring intervention.
Chest radiographs in blunt trauma patients are taken in the supine position, as unstable spinal fractures have not been ruled out at this stage. Chest films should be slightly over-penetrated to allow better visualisation of the thoracic spine, paraspinal lines and aortic outline.
Penetrating

Patients with a stab wound that may have violated the thoracic cavity or mediastinum should have a chest X-ray. In practice, this means all patients with stab wounds between the neck and the umbilicus (front or back!).
For gunshot wounds, all patients with wounds between the neck and the pelvis/buttock area should have a chest film. This is especially true if the bullet track is unclear, there is a missing bullet or an odd number of entry/exit wounds.
The chest-X-ray in penetrating trauma should be taken with the patient sitting upright if possible. This will increase the sensitivity for detecting a small haemothorax, pneumothorax or diaphragm injury.

Blunt (supine)

right Haemothorax
Penetrating (erect)

left haemothorax

FAST examination
Focused Abdominal Sonography for Trauma (FAST) is a rapid ultrasound examination performed in the trauma resuscitation room looking specifically from blood - in the peritoneum, pericardium or hemithorax.
Currently, FAST is indicated for all haemodynamically unstable blunt trauma patients. It may also have a role in some patients with penetrating trauma.


FAST: Haemothorax, 

diaphragm & liver 
Arterial Blood Gas analysis
Arterial blood gas analyses should be drawn on all intubated and ventilated trauma patients, and any patient with significant chest trauma or eveidence of haemodynamic instability.

Secondary Survey
As part of the secondary survey the chest is fully examined, front and back. Special attention is paid to identifying any missed injuries or progression of previously identified injuries. The examination is also directed by findings on the chest X-ray or by information from monitoring adjuncts.
Further Investigation / Defintive Care
Results of the above examinations, and findings in other body regions, determine the subsequent disposition of the trauma patient.
Further investigations may include:
· CT scan
· Angiography
· Oesophagoscopy / oesophagram
· Bronchoscopy
Definitive care may include:
· Chest Drain
· Thoracotomy
· Transfer to critical care area for ventilation / observation
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•Pneumothorax - Simple

Introduction
Pneumothorax is the collection of air in the pleural space. Air may come from an injury to the lung tissue, a bronchial tear, or a chest wall injury allowing air to be sucked in from the outside.
Simple pneumothorax
A simple pneumothorax is a non-expanding collection of air around the lung. The lung is collapsed, to a variable extent. Diagnosis on physical examination may be very difficult. The classical signs of reduced air entry and resonance to percussion are often difficult or impossible to appreciate. Careful palpation of the chest wall and apices may reveal subcutaneous emphysema and rib fractures as the only sign of an underlying pneumothorax. 
Simple Pneumothorax

CXR
A chest X-ray is usually diagnostic, but may miss small pneumothoraces, especially with the patient supine. The presence of rib fractures on a chest X-ray should prompt a careful search for a pneumothorax. One side of the chest may appear more radiolucent than the other. This may represent an overlying pneumothorax, or alternatively an underlying haemothorax on the opposite side. A deep sulcus sign is indicative of an anterior pneumothorax. 

When a haemothorax is visible on the erect chest X-ray, the presence of a flat meniscus laterally indicates the presence of an associated pneumothorax.
Meniscus of  haemothorax 

Meniscus of haemopneumothorax 
CT Scanning is more sensitive for the presence of pneumothorax than plain chest X-ray. However the significance of these small pneumothoraces is unknown. A small anterior pneumothorax is not visible on the plain radiograph but visible on CT in the example below. Many of these ‘occult pneumothoraces’ may be managed without chest tubes, even in the presence of positive pressure ventilation. More recently, ultrasound has shown promise in the diagnosis of pneumothoraces, although evaluation is difficult and operator dependent.
Management
Most simple pneumothoraces will require placement of an intercostal chest drain as definitive treatment. Small pneumothoraces, especially those visible only on CT, may be watched expectantly. The decision to observe is based on the patient’s clinical status and subsequent planned procedures. Chest tube placement may be appropriate in these cases if there are multiple injuries, if a patient is due to undergo prolonged anaesthesia, or if a patient is due to be transferred a significant distance - where detection of an increasing or tension pneumothorax may be difficult or delayed.

References
• Tension pneumothorax
Tension pneumothorax is the progressive build-up of air within the pleural space, usually due to a lung laceration which allows air to escape into the pleural space but not to return. Positive pressure ventilation may exacerbate this ‘one-way-valve’ effect.
Progressive build-up of pressure in the pleural space pushes the mediastinum to the opposite hemithorax, and obstructs venous return to the heart. This leads to circulatory instability and may result in traumatic arrest. The classic signs of a tension pneumothorax are deviation of the trachea away from the side with the tension, a hyper-expanded chest, an increased percussion note and a hyper-expanded chest that moves little with respiration. The central venous pressure is usually raised, but will be normal or low in hypovolaemic states. 
However these classic signs are usually absent and more commonly the patient is tachycardic and tachypnoeic, and may be hypoxic. These signs are followed by circulatory collapse with hypotension and subsequent traumatic arrest with pulseless electrical activity (PEA). Breath sounds and percussion note may be very difficult to appreciate and misleading in the trauma room.
Tension pneumothorax may develop insidiously, especially in patients with positive pressure ventilation. This may happen immediately or some hours down the line. An unexplained tachycardia, hypotension and rise in airway pressure are strongly suggestive of a developing tension.
The X-ray on the right is a post-mortem film taken in a patient with severe blunt trauma to the chest and a left tension pneumothorax. It illustrates the classic features of a tension:
· Deviation of the trachea away from the side of the tension.
· Shift of the mediastinum
· Depression of the hemi-diaphragm
With this degree of tension pneumothorax, it is not difficult to appreciate how cardiovascular function may be compromised by the tension, due to obstruction of venous return to the heart. This massive tension pneumothorax should indeed have been detectable clinically and, in the face of haemodynamic collapse, been treated with emergent thoracostomy - needle or otherwise.
A tension pneumothorax may develop while the patient is undergoing investigations, such as CT scanning (image at right) or operation. Whenever there is deterioration in the patient’s oxygenation or ventilatory status, the chest should be re-examined and tension pneumothorax excluded.
The presence of chest tubes does not mean a patient cannot develop a tension pneumothorax. The patient below had a right sided tension despite the presence of a chest tube. It is easy to appreciate how this may happen on the CT image showing the chest tubes in the oblique fissure. Chest tubes here, or placed posteriorly, will be blocked as the overlying lung is compressed backwards. Chest tubes in supine trauma patients should be placed anteriorly to avoid this complication. Haemothoraces will still be drained provided the lung expands fully.
The CT scan also shows why the tension is not visible on the plain chest X-ray - the lung is compressed posteriorly but extends out to the edge of the chest wall, so lung markings are seen throughout the lung fields. However there is midline shift compared to the previous film.
Tension pneumothorax may also persist if there is an injury to a major airway, resulting in a bronchopleural fistula. In this case a single chest tube is cannot cope with the major air leak. Two, three or occasionally more tubes may be needed to manage the air leak. In these cases thoracotomy is usually indicated to repair the airway and resect damaged lung.

Beware also the patient with bilateral tension pneumothoraces. The trachea is central, while percussion and breath sounds are equal on both sides. These patients are usually haemodynamically compromised or in traumatic arrest. Emergent bilateral chest decompression should be part of the procedure for traumatic arrest where this is a possibility.

This (rare) chest X-ray shows the characteristic apparent ‘disappearance of the heart’ with bilateral tension pneumothoraces.

Management
Needle Thoracostomy
Classical management of tension pneumothorax is emergent chest decompression with needle thoracostomy. A 14-16G intravenous cannula is inserted into the second rib space in the mid-clavicular line. The needle is advanced until air can be aspirated into a syringe connected to the needle. The needle is withdrawn and the cannula is left open to air. An immediate rush of air out of the chest indicates the presence of a tension pneumothorax. The manoeuver effectively converts a tension pneumothorax into a simple pneumothorax.
Many texts will state that a tension pneumothorax is a clinical diagnosis and should be treated with needle thoracostomy prior to any imaging. Recently this dogma has been called into question. Needle thoracostomy is probably not as benign an intervention as previously thought, and often is simply ineffective in relieving a tension pneumothorax. If no rush of air is heard on insertion, it is impossible to know whether there really was a tension or not, and whether the needle actually reached the pleural cavity at all. Some heavy-set patients may have very thick chest walls.
Needle thoracostomies are also prone to blockage, kinking, dislodging and falling out. Thus a relieved tension may re-accumulate undetected. More importantly is the possibility of lung laceration with the needle, especially if no pneumothorax is present initially. Air embolism through such a laceration is also a real concern. 
In the absence of haemodynamic compromise, it is prudent to wait for the results of an emergent chest X-ray prior to intervention. This will avoid patients such as that shown at right, where a right upper lobe collapse due to endobronchial intubation resulted in hypoxia and tracheal deviation - mimicking a tension pneumothorax on the opposite side The patient received an unnecessary left chest tube.
The trauma-list has extensively debated needle thoracocentesis and discussions has been archived. The conclusion of the debate was:
1.
Needle decompression can be associated with complications. 

2.
It should not be used lightly. 

3.
It should never be used just because we don’t hear breath sounds on one side. 

BUT

4.
In clear cut cases: shock with distended neck veins, reduced breath sounds, deviated trachea, it could be life saving. 
Chest Drain Placement
Chest tube placement is the definitive treatment of traumatic pneumothorax. In most centres, chest tubes should be immediately available in the resuscitation room and placement is usually rapid. The controlled placement of a chest tube is preferable to blind needle thoracostomy. This is provided the patient’s respiratory and haemodynamic status will tolerate the extra minutes it takes to perform the surgical thoracostomy. 
Once the pleura is entered (blunt dissection), the tension is decompressed and chest tube placement can be performed without haste. This is especially true of the patient who is being manually ventilated with positive pressure, and surgical thoracostomies without chest tube placement have been described in the prehospital setting.
Tension gastrothorax has been described and may be confused with a tension pneumothorax. There is haemodynamic compromise, tracheal & mediastinal deviation, and decreased air entry in the affected hemithorax (usually left). Tension gastrothorax occurs in spontaneously breathing patients with a large diaphragmatic tear (usually blunt trauma). This emphasises the importance of blunt dissection and examining the pleural space with a finger prior to chest tube insertion.
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Pneumothorax - Open
Introduction
An open pneumothorax occurs when there is a pneumothorax associated with a chest wall defect, such that the pneumothorax communicates with the exterior.
Pathophysiology
During inspiration, when a negative intra-thoracic pressure is generated, air is entrained into the chest cavity not through the trachea but through the hole in the chest wall. This is because the chest wall defect is much shorter than the trachea, and hence provides less resistance to flow. Once the size of the hole is more than 0.75 times the size of the trachea, air preferentially enters through the thoracic cavity.
This results in inadequate oxygenation and ventilation, and a progressive build-up of air in the pleural space. The pneumothorax may tension if a flap has been created that allows air in, but not out.
Diagnosis
Diagnosis should be made clinically during the primary survey. A wound in the chest wall is identified that appears to be ‘sucking air’ into the chest and may be visibly bubbling - this is diagnostic. 
Breathing is rapid, shallow and laboured. There is reduced expansion of the hemithorax, accompanied by reduced breath sounds and an increased percussion note. One or all of these signs may not be appreciated in the noisy trauma room. 
Management
100% oxygen should be delivered via a facemask. Consideration should be given to intubation where oxygenation or ventilation is inadequate. Intubation should not delay placement of a chest tube and closure of the wound.
The definitive management of the open pneumothorax is to place an occlusive dressing over the wound and immediately place an intercostal chest drain. 
Rarely, if a chest drain is not available and the patient is far from a definitive care facility, a bandage may be applied over the wound and taped on 3 sides. This, in theory, acts as a flap-valve to allow air to escape from the pneumothorax during expiration, but not to enter during inspiration. This dressing may be difficult to apply to a large wound and it’s effect is very variable. As soon as possible a chest drain should be placed and the wound closed.
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•Haemothorax

Haemothorax is a collection of blood in the pleural space and may be caused by blunt or penetrating trauma. Most haemothoraces are the result of rib fractures, lung parenchymal and minor venous injuries, and as such are self-limiting. Less commonly there is an arterial injury, which is more likely to require surgical repair.
Diagnosis
Most small-moderate haemothoraces are not detectable by physical examination and will be identified only on Chest X-ray, FAST or CT scan. However, larger and more clinically significant haemothoraces may be identified clinically. If a large haemothorax is detected clinically it should be treated promptly.
Physical examination
Chest examination may indicate the presence of significant thoracic trauma with external bruising or lacerations, or palpable crepitus indicating the presence of rib fractures. There may be evidence of a penetrating injury over the affected hemithorax. Don’t forget to examine the back!
Multiple stabbing: front

Don’t forget the back!
The classic signs of a haemothorax are decreased chest expansion, dullness to percussion and reduced breath sounds in the affected hemithorax. There is no mediastinal or tracheal deviation unless there is a massive haemothorax. All these clinical signs may be subtle or absent in the supine trauma patient in the emergency department, and most haemothoraces will only be diagnosed after imaging studies. 
Chest X-ray
Chest X-ray remains the standard test for diagnosis of thoracic trauma in the emergency department. In the erect patient (penetrating injury), the classical picture of a fluid level with a meniscus is seen. Although the erect film is more sensitive, it takes approximately 400-500mls of blood to obliterate the costo-phrenic angle on a chest radiograph.
In the supine position (most blunt trauma patients) no fluid level is visible as the blood lies posteriorly along the posterior chest. The chest X-ray shows a diffuse opacification of the hemithorax, through which lung markings can be seen. It may be difficult to differentiate a unilateral haemothorax from a pneumothorax on the opposite side.
FAST Ultrasound 
It may be difficult to detect small amounts of blood (< 200mls) on the plain chest radiograph. Emergency room ultrasound examination can detect smaller haemothoraces, although in the presence of a pneumothorax or subcutaneous air ultrasound may be difficult or inaccurrate. When examining the right and left upper quadrants, the examiner can usually view above the diaphragms to identify any fluid collections. The significance of small haemothoraces that are not visible on plain films is not entirely clear. 
Computed Tomography
Most cases of thoracic trauma do not require computed tomography (CT). CT is more sensitive than the plain chest radiograph in diagnosing haemothoraces. However, CT can be invaluable in determining the presence and significance of a haemothorax, especially in the blunt, supine trauma patient who may have multiple thoracic injuries. Small amounts of blood are detectable and can be localised to specific areas of the thoracic cavity. The significance of CT-only detectable haemothoraces is not entirely clear, and certainly some of these will require no treatment. CT may also be useful in differentiating haemothorax from other thoracic pathology such as pulmonary contusion or aspiration. 
Management
Chest drain
Chest tube placement is the first step in the management of traumatic haemothorax. The majority of haemothoraces have already stopped bleeding and simple drainage is all that is required. All chest tubes placed for trauma should be of sufficient calibre to drain haemothoraces without clotting. Hence the smallest acceptable size for an adult patient is 32F, and preferably 36F tubes should be placed.
Chest drains for simple haemothorax can be placed posteriorly. However if there is concomitant pneumothorax, or patients have multiple rib fractures with positive pressure ventilation, drains should be placed anteriorly to avoid tension pneumothorax for an obstructed chest tube.
Thoracotomy
Thoracotomy is required in under 10% of thoracic trauma patients. Most haemothoraces stem from injury to lung parenchyma or venous injury and will stop bleeding without intervention. Penetrating trauma is more likely to be associated with arterial haemorrhage requiring surgery. 
The indications for thoracotomy are usually quoted as the immediate drainage of 1000-1500mls of blood from a hemithorax. However the initial volume of blood drained is not as important as the amount of on-going bleeding. If the patient remains haemodynamically stable they may be admitted and observed. The colour of the blood is also important - dark, venous blood being more likely to cease spontaneously than bright red arterial blood. Patients admitted for observation who have continuing drainage with no signs of reduction in chest tube output over 4-5 hours should also undergo thoracotomy. The threshold for this is usually stated at around 200-250mls of blood per hour.
Complications
Retained Haemothorax, Empyema
Failure to adequately drain a haemothorax initially results in residual, clotted haemothorax which will not drain via a chest tube. If left untreated, these retained haemothoraces may become infected and lead to empyema formation. Even if they remain uninfected, the clot will organise and fibrose, resulting in a loss of lung volume which may result in impaired pulmonary function. Failure to adequately drain a haemothorax is due to failure to initially diagnose the haemothorax or inadequately draining the haemothorax (small chest tube, incorrect placement, clotted tube).
Diagnosis of retained haemothorax is usually made on CT, which shows one or more loculated collections of blood. Surgery is indicated if there is evidence of empyema (fever, raised white cell count, air-fluid levels on CT), or if the haemothorax is large enough to cause lung volume loss. Surgery if possible should be performed early, within the first 3-7 days following injury. At this time the clot can be cleared with thoracoscopy or a mini-thoracotomy. If clot evacuation is delayed beyond this time the inflammatory reaction in the pleura requires a more formal thoracotomy with removal of this ‘peel’ and often formal decortication - a much longer and bloodier procedure. At this time there is limited evidence to support the use of thrombolytic therapy to lyse clotting haemothoraces.
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• Pulmonary Contusion
Pulmonary contusion is an injury to lung parenchyma, leading to oedema and blood collecting in alveolar spaces and loss of normal lung structure & function. This blunt lung injury develops over the course of 24 hours, leading to poor gas exchange, increased pulmonary vascular resistance and decreased lung compliance. There is also a significant inflammatory reaction to blood components in the lung, and 50-60% of patients with significant pulmonary contusions will develop bilateral Acute Respiratory Distress Syndrome (ARDS). 
Pulmonary contusions occur in approximately 20% of blunt trauma patients with an Injury Severity Score over 15, and it is the most common chest injury in children. The reported mortality ranges from 10 to 25%, and 40-60% of patients will require mechanical ventilation. The complications of pulmonary contusion are ARDS, as mentioned, and respiratory failure, atelectasis and pneumonia.
Diagnosis
Pulmonary contusions are rarely diagnosed on physical examination. The mechanism of injury may suggest blunt chest trauma, and there may be obvious signs of chest wall trauma such as bruising, rib fractures or flail chest. These suggest the presence of an underlying pulmonary contusion. Crackles may be heard on auscultation but are rarely heard in the emergency room and are non-specific.
Severe bilateral pulmonary contusions may present with hypoxia - but more usually hypoxia develops as the pulmonary contusions blossom or as a result of subsequent ARDS.
Chest X-ray
Most significant pulmonary contusions are diagnosed on plain chest X-ray. However the chest X-ray will often under-estimate the size of the contusion and tends to lag behind the clinical picture. Often the true extent of injury is not apparent on plain films until 24-48 hours following injury.
Computed Tomography
Computed tomography (CT) is very sensitive for identification of pulmonary contusion, and may allow differentiation from areas of atelectasis or aspiration. CT also allows for 3-dimensional assessment and calculation of the size of contusions. However, most contusions that are visible only on a CT scan are not clinically relevant, in that they are not large enough to impair gas exchange and do not worsen outcome. Nevertheless, CT will accurately reflect the extent of lung injury when pulmonary contusion is present.

Management
Managment of pulmonary contusion is supportive while the pulmonary contusion resolves. Most contusions will require no specific therapy. However large contusions may affect gas exchange and result in hypoxaemia. As the physiological impact of the ocntusions tends to develop over 24-48 hours, close monitoring is required and supplemental oxygen should be administered. 
Many of these patients will also have a significant chest wall injury, pain from which will affect their ability to ventilate and to clear secretions. Management of a blunt chest injury therefore includes adequate and appropriate analgesia. Tracheal intubation and mechanical ventilation may be necessary if there is difficulty in oxygenation or ventilation. Usually ventilatory support can be discontinued once the pulmonary contusion has resolved, irrespective of the chest wall injury.
The classic management of pulmonary contusion includes fluid restriction. Much of the data to support this comes from animal models of isolated pulmonary contusion. However, while relative fluid excess and pulmonary oedema will augment any respiratory insufficience, the consequences of the opposite - hypovolaemia are more severe and long-lasting. Prolonged episode of hypoperfusion in trauma patients will result in inflammatory activation and acute lung injury, and may result in ARDS and multiple organ failure. Hence the goal for management of patients with pulmonary contusion should be euvolaemia.
Complications
Pulmonary contusions will usually resolve in 3 to 5 days, provided no secondary insult occurs. The main complications of pulmonary contusion are ARDS and pneumonia. Approximately 50% of patients with pulmonary contusion develop ARDS, and 80% of patients with pulmonary contusions involving over 20% of lung volume. Direct lung trauma, alveolar hypoxia and blood in the alveolar spaces are all major activators of the inflammatory pathways that result in acute lung injury. 
Pneumonia is also a common complication of pulmonary contusion, blood in the alveolar spaces providing an excellent culture medium for bacteria. Clearance of secretions is decreased with pulmonary contusion, and this is augmented by any chest wall injury and mechanical ventilation. Good tracheal toilet and pulmonary care is essential to minimise the incidence of pneumonia in this susceptible group. 
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• Rib fractures & Flail Chest
Chest wall injury is a extremely common following blunt trauma. It varies in severity from minor bruising or an isolated rib fracture to servere crush injuries of both hemithoraces leading to respiratory compromise. 
While many chest injuries will require no specific therapy, they may be indicators of more significant underlying trauma. Multiple rib fractures will often be associated with an underlying pulmonary contusion, which may not be immediately apparent on an initial chest X-ray. Fractures of the lower ribs may be associated with diaphragmatic tears and spleen or liver injuries. Injuries to upper ribs are less commonly associated with injuries to adjacent great vessels. This is especially true of a first rib fracture, which requires a significant amount of force to break and indicates a major energy transfer. A fracture of the first rib should prompt a careful search for other injuries. Note also that the rib cage and sternum provide a significant amount of stability to the thoracic spine. Severe disruption of this ‘fourth column’ may convert what would otherwise be a stable thoracic spine fracture into an unstable one.
Flail Chest
A flail chest occurs when a segment of the thoracic cage is separated from the rest of the chest wall. This is usually defined as at least two fractures per rib (producing a free segment), in at least two ribs. A segment of the chest wall that is flail is unable to contribute to lung expansion. Large flail segments will involve a much greater proportion of the chest wall and may extend bilaterally or involve the sternum. In these cases the disruption of normal pulmonary mechanics may be large enough to require mechanical ventilation.
The main significance of a flail chest however is that it indicates the presence of an underlying pulmonary contusion. In most cases it is the severity and extent of the lung injury that determines the clinical course and requirement for mechanical ventilation. Thus the management of flail chest consists of standard management of the rib fractures and of the pulmonay contusions underneath.
Diagnosis
Most significant chest wall injuries will be identified by physical examination. Bruising, grazes or seat-belt signs are visible on inspection, and palpation may reveal the crepitus associated with broken ribs. Awake patients will complain of pain on palpation of the chest wall or on inspiration.
A flail chest is identified as paradoxical movement of a segment of the chest wall - ie indrawing on inspiration and moving outwards on expiration. This is often better appreciated by palpation than by inspection.
Chest X-ray
The antero-posterior chest radiograph will identify most significant chest wall injuries, but will not identify all rib fractures. Lateral or anterior rib fractures will often be missed on the initial plain film. However, since the management of rib fractures is determined by their clinical significance rather than by their number or position, dedicated rib views are never indicated.
For adult blunt trauma patients, a haemothorax, pneumothorax or pulmonary contusion seen on chest X-ray will almost always be associated with a rib fractures, whether or not identified clinically or by X-ray. In paediatric patients the ribs are more pliable and less likely to fracture, although there will still be significant contusion of chest wall structures.
Computed Tomography
Computed tomography provides very little further clinical information and is not indicated for the initial evaluation of chest wall injuries.

Management
Management of chest wall injury is directed towards protecting the underlying lung and allowing adequate oxygenation, ventilation and pulmonary toilet. This strategy is aimed at preventing the development of pneumonia, which is the most common complication of chest wall injury. Note that while a young fit patient will easily manage one or two rib fractures with simple analgesia, the same injury in an elderly patient is regarded as major and will frequently lead to pneumonia and respiratory failure if not appropriately managed (and even then).
All patients should initially be placed on 100% oxygen via a non-rebreathing facemask.
Analgesia
Analgesia is the mainstay of therapy for rib fractures. While strapping the chest to splint rib fractures may seem like a good idea, it impedes chest wall movement and prevents adequate inspiration and clearance of secretions. Opioid analgesics are useful, but when used as the sole analgesic agent may require such high doses that they produce respiratory depression - especially in the elderly. Patient controlled administration of an opioid infusion (PCA) is the best method for cooperative patients. The addition of a non-steroidal anti-inflammatory agent may provide adequate relief, but these should be withheld until other injuries have been excluded (eg. traumatic brain injury) and used with caution in the elderly. 
Undoubtedly the best analgesia for a severe chest wall injury is a continuous epidural infusion of a local anaesthetic agent (+/- an opioid). This provides complete analgesia allowing normal inspiration and coughing without the risks of respiratory depression. Epidurals may be placed in the thoracic or high-lumbar positions. 
Other methods of local anaesthetic administration are available, but are poor in comparison to an epidural. For one or two isolated rib fractures, posterior rib blocks may be appropriate. Local anaesthetic is infiltrated around the intercostal nerve posteriorly. These blocks will last 4-24 hours and will then have to be repeated. Where a chest tube is present, some practitioners advocate instilling a local anaesthetic solution into the pleural splace. However the volume needed is large, the results very variable, and local anaesthetic toxicity due to rapid pleural absorbtion a possibility.

 

Intubation & Ventilation
Intubation and mechanical ventilation is rarely indicated for chest wall injury alone. Where ventilation is necessary it is usually for hypoxia due to underlying pulmonary contusions. Positive pressure ventilation may be required for severe chest wall instability resulting in inadequate spontaneous ventilation. Intubation and ventilation may be required when anaesthesia is necessary to provide immediate and adequate analgesia and allow further assessment and management.
Ventilation is usually necessary only until the resolution of the pulmonary contusion. Healing and stabilisation of rib fractures is rarely the limiting step in weaning from mechanical ventilation, except in the most severe chest injuries.
Chest tube insertion
Patients with rib fractures who receive positive pressure ventilation are at an increased risk of developing a pneumothorax or tension pneumothorax due to laceration of the lung by the sharp fracture end. Many authors recommend placement of a prophylactic chest tube for all patients with rib fractures who receive mechanical ventilation. This practice varies depending on the presence of other injuries, monitoring environent and available resources. For example, the patient with isolated chest injuries with continuous cardiorepiratory monitoring in an intensive care unit can probably be observed without a chest tube. In contrast, in a patient anaesthetised for prolonged surgery, placement of a prophylactic chst tube may be more appropriate. Especially where the signs of a tension pneumothorax may be mistaken for signs of haemorrhagic shock.
Rib fracture fixation
The popularity of rib fracture fixation has waxed and waned over the past 5 decades. External fixation and stabilisation was common for large chest wall injuries prior to the development of tracheal intubation and mechanical ventilation.
Positive pressure ventilation essentially provides an ‘internal stabilisation’ to the thoracic cage as well as improving oxygenation and ventilation for the management of pulmonary contusion. Hence it has essentially replaced fracture fixation over the past twenty years. In the last few years however a few studies have suggested that some groups of patients (as yet unidentified) may benefit from early fracture fixation, allowing earlier weaning from mechanical ventilation and reducing acute complications and chronic chest wall pain.
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• Blunt aortic injury
Up to 15% of all deaths following motor vehicle collisions are due to injury to the thoracic aorta. Many of these patients are dead at scene from complete aortic transection. Patients who survive to the emergency department usually have small tears or partial-thickness tears of the aortic wall with pseudoaneurysm formation. 
Most blunt aortic injuries occur in the proximal thoracic aorta, although any portion of the aorta is at risk. The proximal descending aorta, where the relatively mobile aortic arch can move against the fixed descending aorta (ligamentum arteriousm), is at greatest risk from the shearing forces of sudden deceleration. Thus the aorta is a greatest risk in frontal or side impacts, and falls from heights. Other postulated mechanisms for aortic injury are compression between the sternum and the spine, and sudden increases in intra-luminal aortic pressure at the moment of impact.
Priorities
Patients with blunt aortic injury tend to fall into 3 major categories:
1 Dead


Aortic transection / rupture
 
2 Haemodynamically unstable

Haemorrhage from other sites/organs

or

Aortic haemorrhage
Control haemorrhage
3 Haemodynamically stable


Contained aortic injury
Blood pressure control
Most blunt aortic injuries surviving to hospital are partial-transections, and should be managed with blood pressure control until the defintive repair. Thus the priority in the management of haemodynamically unstable patients with potential aortic injury is to rapidly identify and control on-going haemorrhage from other sites, and to avoid over-resuscitation. Sites of concealed haemorrhage are identified with Chest and Pelvis radiographs and FAST ultrasound or Diagnostic Peritoneal Lavage.
The caveat to these cases is the patient with and aortic tear and impending rupture. These patients classically present as ‘meta-stable’ - ie they respond to fluid resuscitation and then drop their blood pressure in a cyclical manner. It is important to recognise this futile cycle early and avoid aggressive cyclical resuscitation, as this will ultimately lead to free fupture of the aorta and an iatrogenic hypothermia & coagulopathy. Beware the ‘meta-stable’ patient with a widened mediastinum and a left-sided haemothorax!

Diagnosis

Clinical signs of traumatic aortic injury are rarely present, and diagnosis is based on a high index of suspicion based on mechanism of injury, and the results of imaging studies. However, a chest tube placed for haemothorax that drains a large initial rush of bright red arterial blood, or has significant on-going losses (>200mls) has a major intra-thoracic injury and should be transferred to the operating room for thoracotomy.

Chest X-ray

The Chest X-ray is still used as the primary screening study, but has a low sensitivity, but a 98% negative predicitive value if normal.

The AP chest radiograph is one of the standard adjuncts to the primary survey in blunt trauma patients. A wide variety of signs on the chest radiograph are suggestive of traumatic aortic injury, but none are diagnostic. All are related to the identification of mediastinal haemorrhage and haematoma. This mediastinal haemorrhage is due to tears of mediastinal venous structures and as such is an indirect indicator of possible aortic injury. It does not constitute the aortic injury itself. The majority of patients with mediastinal haemorrhage do not have an aortic injury. Additionally, mediastinal haemorrhage can result from injury to the spine and surrounding structures. Thus the significance of radiographic signs for aortic injury is signficiantly decreased in the presence of vertebral trauma. 

The ‘funny-looking’ mediastinum

While many signs of aortic injury have been reported (see below), the most sensitive indicator of blunt aortic injury remains an ‘abnormal mediastinum’. When looking at the chest X-ray, a clear aortic outline from the arch down to the diaphragm is the best way to exclude significant aortic injury.

Clearly visualised aortic outline

A clear aortic knob outline has a 72% sensitivity, 47% specificity and 87% negative predictive value. When the aortic outline is not clearly seen it is impossible to exclude aortic injury on the chest film. Furhter radiographic signs are suggestive of mediastinal haemorrhage and may prompt further investigation:

Widened mediastinum

A mediastinal width of more than 8cm at the level of the aortic arch is considered abnormal and an indication for further imaging. A widened mediastinum is reported as having a 53% sensitivity, 59% specificity and 83% negative predictive value for traumatic aortic injury.
To maintain spinal precautions in blunt trauma patients, most AP chest radiographs are taken in the supine position. This will lead to fluid shifts that may cause a widened mediastinum. Some authors recommend repeating the radiograph with the patient erect, if the spine can be cleared prior to this. Around 40% of widened mediastinums will ‘normalize’ with the patient in the erect position.

Other less sensitive signs of mediastinal great vessel injury include depression of the left main-stem bronchus, deviation of the naso-gastric tube to the right, apical pleural haemoatoma (cap), disruption of the calcium ring in the aortic knob (broken-halo). None of these ‘classic’ signs have any useful sensitivity to use them as a screening for blunt aortic injury. Thus the ‘funny-looking’ mediastinum remains the best indicator of the need for further imaging.
Computed Tomography
As CT technology has developed it has established itself as the best screening modality for aortic injury. The sensitivity of modern CT scanners is reported at 97-100%, with a negative predictive value of 100% and specificity of 83-99%. As the newer multidetector scanners become more widespread, their increased resolution, bolus-tracking technology and improved processing software allows more and more surgeons to rely solely on the CT scan to plan operative or endovascular repair.
Exactly how CT is integrated into a hospital’s protocol for the diagnosis of aortic injury will depend on the type of CT scanner, the availability of 24-hour angiography and on the perception of the thoracic surgeons on the nature and quality of the CT images. 
Algorithm for evaluation of

blunt aortic injury
Most blunt aortic injuries are at the proximal descending aorta and are visible on axial CT as a pseudoaneurysm bulging anteriorly or antero-medially at the level of the left pulmonary artery. This is associated with mediastinal haemorrhage (non-enhancing) that is a result of surrounding contusion and venous injury, rather than from the aorta itself. The trachea and oesophagus may be displaced to the right. An intimal flap may be seen. If any uncontained extravasation is seen, a conservative approach is not appropriate and operation repair is indicated.
Angiography
While angiography has been the gold-standard screening modality for many years, it is being replaced by newer generations of multidetector helical CT scanners. CT scanners are generally more rapidly and widely available than interterventional radiologists and radiology suites. However the older generations of CT scanners, including single-slice helical CT, are rarely adequate for operative planning. They are also poor at identifying injuries to the great vessels. Where multi-detector CT is available, angiography is still used where the CT is equivocal or does not allow adequate visualisation of branch vessels or other surrounding structures.
Management
As indicated in the table above, patients with aortic injury fall into two main groups. Those who have a full-thickness tear and are haemodynamically unstable from this, and those with a contained injury. Patients with a contained aortic injury may be haemodynamically unstable from haemorrhage from another organ, such as a liver or spleen injury. Haemorrhage control remains a primary priority in these patients. 
If the aorta is injured, but is not the source of active haemorrhage, it should be low on the list of management priorities, after haemorrhage control and neurologic stabilization.
Most aortic injuries will need to be repaired. Some minor injuries, such as small intimal flaps or small pseudoaneurysms, have been managed entirely non-operatively. However, the natural history of these remains relatively unknown, and there are reports of delayed rupture or fistula formation many years after injury.
Pre-operative control

Most contained aortic injuries can be managed on a semi-elective basis. Patients who can not or should not be operated on immediately include:
· Patients who need to be transferred to other facilities for definitive repair
· Severe head injury
· Severe pulmonary injury
· Haemodynamically unstable patients
· Patients who have undergone damage control procedures
· Patients with coagulopathy, hypothermia & acidosis
· Patients with severe medical co-morbidities
· Patients with burns or severe sepsis.
Management of the aortic injury in these patients is to reduce the risk of rupture by controlling the blood pressure. Short-acting antihypertensive agents are used to keep the systolic blood pressure normal, ideally below 120mmHg.
Operative repair

Operative repair of aortic injury is indicated for:
· Haemodynamic instability
· Large-volume haemorrhage from chest tubes
· Contrast extravasation on CT or rapidly expanding mediastinal haematoma
· Penetrating aortic injury
Endovascular repair
In some centers, endovascular repair of thoracic aortic injury is available. This technique is still in its infancy, and long-term sequelae are, as yet unknown. However it is a useful technique for patients with multiple injuries or medical co-morbidities in whom open repair would carry an unacceptably high morbidity and mortality.
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•Intercostal Chest Drains
Drainage of the pleural space by means of a chest tube is the commonest intervention in thoracic trauma, and provides definitive treatment in the majority of cases. While a relatively simple procedure, it carries a significant complication rate, reported as between 2% and 10%. While many of these complications are relatively minor, some require operative intervention and deaths still occur.
Indications
A chest tube is indicated to drain the contents of the pleural space. Usually this will be air or blood, but may include other fluids such as chyle or gastric/oesophageal contents. Chest tube insertion is also appropriate to prevent the development of a pleural collection, such as after a thoractomy or to prevent a tension pneumothorax in the ventilated patient with rib fractures.
Absolute Indications
· Pneumothorax (tension, open or simple)
· Haemothorax
· Traumatic Arrest (bilateral)
Relative Indications
· Rib fractures & Positive pressure ventilation
· Profound hypoxia / hypotension & penetrating chest injury
· Profound hypoxia / hypotension and unilateral signs to a hemithorax
In most cases it is appropriate to wait for the chest X-ray to identify a pneumothorax or haemothorax before placing a chest tube. A haemothorax may also be identified on FAST ultrasound examination. However there are instances where the patient is in extremis and it is appropriate to place a chest tube without waiting for imaging studies. Patients in traumatic arrest with no cardiac output should have immediate decompression of both chest hemithoraces to exclude tension pneumothorax. Similarly, patients in shock or profoundly hypoxic with unilateral chest signs or evidence of penetrating trauma to a hemithorax should have a chest drain placed emergently.
Chest tube placement may be diagnostic as well as therapeutic. After entering the pleural cavity a finger is inserted, and depending on the position of the tract one may feel the texture of the lung surface (for contusion), the surface of the diaphragm (for lacerations) and the heart (for the presence of tamponade). 
The nature of the materal draining from the tube is also important. If it is blood, the chances of requiring a thoracotomy are much higher if the blood is bright red and arterial rather than the dark red of venous blood. Drainage of intestinal contents implies either an oesophageal injury or stomach / bowel injury with diaphragmatic tear. A persistent air leak implies an underlying lung laceration, and large leaks may indicate bronchial disruption.


Technique
Although often performed in emergent conditions, attention to technique in placing the chest tube is vital to avoid complications from the procedure. 
Site
The chest tube is placed (on the correct side) in the mid- or anterior- axillary line, behind pectoralis major (to avoidhaving to dissect through this thick muscle). On expiration, the diaphragm rises to the 5th rib at the level of the nipple, and thus chest drains should be placed above this level. Rib spaces are counted down from the 2nd rib at the sternomanubrial joint. Practically, the highest rib space that can be easily felt in the axilla (usually the 4th or 5th) is the most appropriate.
Anaesthesia / Analgesia
Chest tube insertion is a painful procedure, especially in muscular individuals. A combination of intravenous analgesia and local anaesthesia is used for the procedure. An intravenous opioids such as morphine is standard analgesia for trauma patients. It is best given in small aliquots titrated to effect, to avoid subsequent respiratory depression from overdose. An analgesic dose of ketamine (20mg adult) is a good alternative to opioids for chest tube insertion.
For local anaesthesia, 10-20mls of local anaesthetic is required. This is infiltrated under the skin along the line of the incision. The needle is then directed perpendicular to the skin and local anaesthetic infiltrated through the layers of the chest wall down onto the rib below the actual intercostal space. Here local is injected around the periosteum of the rib. The needle is then angled above the rib and advanced slowly until air is aspirated. The last 5 mls or so of local anaesthetic is then injected into the pleural space.
Procedure
The steps in insertion of a chest drain are as follows:
1.
The area is prepped and draped appropriately
2.
An incision is made along the upper border of the rib below the intercostal space to be used.

The drain track will be directed over the top of the lower rib to avoid the intercostal vessels lying below each rib.

The incision should easily accommodate the operator’s finger.
3.
Using a curved clamp the track is developed by blunt dissection only. The clamp is inserted into muscle tissue and spread to split the fibres. The track is developed with the operator’s finger.
4.
Once the track comes onto the rib, the clamp is angled just over the rib anddissection continued until the pleural is entered.
5.
A finger is inserted into the pleural cavity and the area explored for pleural adhesions.

At this time the lung, diaphragm and heart may be felt, depending on position of the track.
6.
A large-bore (32 or 36F) chest tube is mounted on the clamp and passed along the track into the pleural cavity.
7.
The tube is connected to an underwater seal and sutured / secured in place.
8.
If desired, a U-stitch is placed for subsequent drain removal (see below).
9.
The chest is re-examined to confirm effect.
10.
A chest X-ray is taken to confirm placement & position.
Position
For blunt trauma patients lying supine, drains should be placed anteriorly in the chest. This prevents a tension pneumothorax developing if the chest tube is blocked by dependent lung tissue. Normal movement of the lungs will allow drainage of a basal haemothorax through an anterior chest tube.
For penetrating trauma where patients are not restricted to the supine position, haemothoraces may be more efficiently drained with a posterior, basally directed drain.
The final resting place of the tube is determined in part by the direction of the track it follows through the chest wall. If a drain is to lie anteriorly in the chest, the track should be developed in a slightly anterior direction. If the track is directed posteriorly, the drain may fall back to lie in the oblique fissure, where it may become blocked with lung tissue.
Chest tubes should be inserted so that the last hole of the drain is inside the thoracic cavity. However if passed too far into the chest, drains can cause severe intractable pain as they abut the mediastinum.
Underwater Seal
An underwater seal is used to allow air to escape through the drain but not to re-enter the thoracic cavity. The drainage bottle should always be kept below the level of the patient, otherwise its contents will siphon back into the chest cavity. 
Persistent bubbling of air through the water indicates an air leak from the lung. Chest tubes should NEVER be clamped for any reason, to avoid the development of a tension pneumothorax.
The air outlet of the underwater seal may be connected to moderate suction (-20cm water) to assist in lung re-expansion. This is more important in the presence of an air leak.
Removal
Chest drains may be removed when they are no longer draining any fluid and any air leak has resolved. Removal is ideally performed with two people - one to remove the tube and one to occlude the drain site. The tube should be removed either at the end of expiration or at peak inspiration, to avoid further air being entrained into the pleural cavity. 
The area is cleaned and sterilised. An occlusive dressing is prepared and held ready. Any stay sutures are removed. With the patient holding his breath (out or in), the tube removed rapidly and the occlusive dressing applied.
Some surgeons prefer to use a purse-string or U-suture to close the wound. This may be placed at the time of drain insertion. While there is no detriment in using a closing suture, they probably serve little purpose and the purse-string especially may produce an ugly scar. 
Complications
“There is no organ in the thoracic or abdominal cavity that has not been pierced by a chest drain.” Chest drains used to be inserted with a steel trocar and a lot of brute force. If a trocar comes with the chest drain set it should be discarded or only used to hold up tomato plants.
Acute complications (technique)
· Haemothorax, usually from laceration of intercostal vessel (may require thoracotomy)
· Lung laceration (pleural adhesions not broken down)
· Diaphragm / Abdominal cavity penetration (placed too low)
· Stomach / colon injury (diaphragmatic hernia not recognised)
· Tube placed subcutaneously (not in thoracic cavity)
· Tube placed too far (pain)
· Tube falls out (not secured)
Late complications
· Blocked tube (clot, lung)
· Retained haemothorax
· Empyema
· Pneumothorax after removal (poor technique)
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• Emergency Department Thoracotomy
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“The surgeon who should attempt to suture a wound of the heart would lose the respect of his surgical colleagues” - Theodore Bilroth, 1882
Introduction 

Many surgeons still share the pessimism of Bilroth when discussing emergency thoracotomy. Nevertheless, current studies have shown survival rates approaching 60% in selected groups of patients. Shortly after Bilroth dismissed surgery for cardiac injury, the first report of successful management of traumatic cardiac injury was published by Rehn in 1900. 

The first successful ‘prehospital’ thoracotomy and cardiac repair was carried out by Hill on a kitchen table in Montgomery, Alabama in 1902.

Emergency department thoracotomy is a life-saving procedure in a select group of patients. Exactly who these patients are is a matter of some controversy in the trauma literature. There is a significant amount of published data on the indications for and outcomes of resuscitative thoracotomy. However the results of interventions varies widely, as does each unit’s experience, puclished data ranging for 11 patients in 10 years to 950 patients in 23 years.

Most studies give little indication as to what has gone before (apart from physiological data). Prehospital data such as time of injury, paramedic on-scene time and time in the emergency department prior to thoracotomy are rarely given. The use of prehospital manoeuvers that may worsen outcome, such as external chest compressions and large volume fluid resuscitation, are also not routinely published. Similarly, the indications for performing surgery are not uniform and inconsistently applied, or not recorded at all. There are only 3 prospective studies in the literature.

This article discusses the indications for emergency department thoracotomy and describes the operative technique as well as resuscitative management of these patients. Emergency department thoractomy is performed in the emergency room for patients in extremis due to traumatic injury. 

Indications

While the technique of emergency thoracotomy is fairly standard, the indications for performing surgery remain a source of controversy. 

The following are a suggested set of guidelines for general use. In practice these will vary with local resources and skill availability.

Penetrating thoracic injury

· Traumatic arrest with previously witnessed cardiac activity (pre-hospital or in-hospital)

· Unresponsive hypotension (BP < 70mmHg) 

Blunt thoracic injury

· Unresponsive hypotension (BP < 70mmHg)

· Rapid exsanguination from chest tube (>1500ml)

Relative Indications

Penetrating thoracic injury

· Traumatic arrest without previously witnessed cardiac activity

Penetrating non-thoracic injury

· Traumatic arrest with previously witnessed cardiac activity (pre-hospital or in-hospital)

Blunt thoracic injuries

· Traumatic arrest with previously witnessed cardiac activity (pre-hospital or in-hospital)

Contraindications

Blunt injuries

· Blunt thoracic injuries with no witnessed cardiac activity

· Multiple blunt trauma

· Severe head injury

Rationale 
Overall survival of patients undergoing emergency thoracotomy is between 4 and 33% depending on the protocols used in individual departments. 

The main determinants for survivability of an emergency thoracotomy are the mechanism of injury (stab, gunshot or blunt), location of injury and the presence or absence of vital signs. 

Mechanism of Injury

For penetrating thoracic injury the survival rate is fairly uniform at 18-33%, with stab wounds having a far greater chance of survival than gunshot wounds. Isolated thoracic stab wounds causing cardiac tamponade probably have the highest survival rate, approaching 70%. In contrast, gunshot wounds injuring more than one cardiac chamber and causing exsanguination have a much higher mortaility. 

Blunt trauma survival rates vary between 0 and 2.5% and some authorities suggest that thoracotomy for blunt trauma should be abandoned altogether. However, this is an oversimplification of the literature. There is a distinct survival rate for patients with isolated blunt thoracic trauma who undergo emergency thoracotomy. This is highest for patients who are severely hypotensive in the emergency room and are exsanguinating from a chest injury. Blunt thoracic trauma causing traumatic arrest in the emergency department should also undergo thoracotomy. Whether this should be extended to those patients arresting in the presence of prehospital emergency services is debatable.

Location of Injury

Almost all survivors of emergency thoracotomy suffer isolated injuries to the thoracic cavity. Cardiac injuries have the highest survival rates, with improved outcome for single chamber versus multiple chamber injuries. Injuries to the great vessels and pulmonary hila carry a much higher mortality. Injuries to the chest wall rarely require emergency thoracotomy but tend to have a good outcome.

The rationale for performing thoracotomy for injury to other parts of the body, such as the abdomen or pelvis, is to cross-clamp the descending aorta and so control exsanguination and redistribute blood flow to the vital organs. Penetrating injury to the abdomen may benefit from this manoeuver but thoracotomy for multiple blunt trauma has an almost universally poor outcome.

Presence of vital signs

The presence of cardiac activity, or the amount of time since loss of cardiac activity is consistently related to the outcome following emergency thoracotomy. In one study of 152 patients (Tyburski) survival rates were 0% for those patients arresting at scene, 4% when arrest occurred in the ambulance, 19% for emergency department arrest and 27% for those who deteriorated but did not arrest in the emergency department.

Survival for blunt trauma patients who never exhibited any signs of life is almost uniformly zero. Survival for penetrating trauma patients without signs of life is between 0 and 5%. 

Resuscitation 

Karim Brohi, trauma.org 6:6, June 2001 

Resuscitation 

What does and does not happen before and during the emergency thoracotomy is as important as the operative procedure itself. 

Many patients die because of inappropriate interventions in the prehospital or early in-hospital phase, because of delay in performing thoracotomy and due to poor peri-operative management.

ACLS algorithms DO NOT APPLY to traumatic arrest. 

The primary causes of traumatic arrest are hypoxia, hypovolaemia due to haemorrhage, tension pneumothorax, and cardiac tamponade. Hypoxic arrests respond rapidly to intubation and ventilation.

Hypovolaemia, tension pneumothorax and cardiac tamponade are all characterised by loss of venous return to the heart. External chest compressions can provide a maximum of 30% of cardiac output in the medical arrest situations and are dependent on venous return to the heart. Chest compressions in the trauma patient are wholly ineffective, may increase cardiac trauma by causing blunt myocardial injury and obstruct access for performing definitive manoeuvers.

The administration of inotropes and vasopressors such as adrenaline to the hypovolaemic patient (who is already maximally vasoconstricted) causes profound myocardial hypoxia and dysfunction.

Management of Traumatic Arrest

Immediate treatment of traumatic arrest is directed at treating the cause of the traumatic arrest.

Hypoxic arrest.

Tracheal intubation is mandatory and should be secured immediately. Ventilation with 100% oxygen should rapidly reverse hypoxic traumatic arrest without the need for further interventions. This is especially true of paediatric head injuries.

Tension pneumothorax.

Relief of tension pneumothorax should be accomplised rapidly either by needle chest decompression or preferably bilateral thoracostomies (as per chest tube insertion). Bilateral tension pneumothoraces may exist and the classic signs of a tension (tracheal deviation, unilateral hyperresonance) may not be present. Tension pneumothoraces should therefore be presumed and bilateral decompression undertaken in all cases of traumatic arrest.

Massive haemorrhage

Performing bilateral thoracostomies has the advantage of identifying major haemorrhage and which side of the chest the major injury is on. This will determine the initial incision for the thoracotomy.

The treatment of massive thoracic haemorrhage is control of haemorrhage, not intravenous fluid therapy. Fluid therapy prior to haemorrhage control worsens outcome in penetrating thoracic trauma (and perhaps all penetrating trauma patients). If there is no response to a small (500ml) fluid challenge, fluid administration should be halted until haemorrhage control is achieved.

Cardiac tamponade

The classic signs of distended neck veins and muffled heart sounds are almost universally absent in traumatic cardiac tamponade. Needle pericardiocentesis may also fail as a diagnostic measure due to blood in the pericardial sac being clotted. FAST ultrasound scan, if available, will indicate the presence of pericaridal fluid. The pericardium may be felt through the left thoracostomy to assess for the presence of tamponade. 

Anaesthesia

Patients in traumatic arrest will not require induction of anaesthesia prior to intubation and thoracotomy. Patients who are hypotensive but awake will require a modified rapid sequence intubation. Induction of anaesthesia may lead to a dramatic loss of blood pressure and care should be taken with the choice of induction agent. Ketamine and/or an opiate (such as fentanyl or alfentanil) may be preferable to the standard intravenous induction agents. Even etomidate may cause a large fall in cardiac output in the hypovolaemic patient. Anaesthesia may be maintained with an infusion or bolus doses of intravenous anaesthetic. Muscle relaxation is maintained throughout. 

Fluid Therapy

Large-volume fluid therapy should be avoided prior to haemorrhage control. Once haemorrhage is controlled patients will need rapid correction of hypovolaemia to refill the heart and restore perfusion to non-vital organ systems. Patients will be cold and profoundly coagulopathic. Blood and component therapy should be warmed and administered rapidly AFTER haemorrhage is controlled. See ‘Transfusion for Massive Blood Loss’. Administration of colloid solutions is not indicated.

Inotropic support

As mentioned above, the use of adrenaline (or other inotropes) is contra-indicated in the presence of hypovolaemia.

Inotropes may be required after control of haemorrhage and cardiac repair. Direct myocardial injury, ischaemic myocardial injury, acute cardiac dilatation, pulmonary hypertension and mediator release due to global tissue ischaemia can all lead to cardiogenic shock which may require inotropic support. 
Operative Technique 

The primary aims of emergency thoractomy are:

· Release of cardiac tamponade

· Control of haemorrhage

· Allow access for internal cardiac massage

Secondary manoeuvers include cross-clamping of the descending thoracic aorta.

Once control is achieved and cardiac activity restored, the patient is transferred rapidly to the operating room for defintive management.

Equipment:

Approach:
 

Scalpel with 10 blade
 

Curved Mayo scissors
 

Rib spreader
 

Gigli saw or large ‘trauma’ shears
 

 
 
Haemorrhage control:
 

McIndoe / Metzenbaum scissors
3/0 non-absorbable suture (nylon, polypropene) on round-bodied needles - multiple

DeBakey vascular forceps (long)
2/0 absorbable ties (vicryl, pds etc) - multiple

DeBakey aortic clamp
Laparotomy packs

Satinsky vascular clamp (large & small)
Teflon pledgets - small. (10)

Mosquito / Dunhill artery clips (10) 
 

Long & short needle holders
 

 
 

High volume, high-displacement suction 
 

Approach

A supine anterolateral thoracotomy is the accepted approach for emergency department thoracotomy. A left sided approach is used in all patients in traumatic arrest and with injuries to the left chest. Patients who are not arrested but with profound hypotension and right sided injuries have their right chest opened first. 

In both cases it may become necessary to extend the incision across the sternum to aid access and vision. With a right sided thoracotomy, the left chest will have to be opened if internal cardiac massage becomes necessary.

Gaining access to the thoracic cavity should take no more than 1-2 minutes. After rapid skin preparation with large antiseptic-soaked swabs, a skin incision is made in the 5th intercostal space from the border of the sternum to the mid-axillary line. This is continued down through subcutaneous tissues to reach the intercostal musculature. 

The intercostal muscles are incised with a combination of scalpel, heavy scissors and blunt dissection. Take care not to lacerate the lung at this stage. Insert the rib spreaders between the ribs and open. 

If the thoracotomy has to be extended to the other side of the chest, repeat the thoracotomy on the other side. To divide the sternum, a large pair of trauma shears (as used to cut the clothes off patients) will easily go through the sternum. Otherwise the Gigli saw is used to divide the sternum. The first time you see a Gigli saw should not be the first time you perform a thoracotomy. Examine one to see how it is put together and practice the action needed to saw through bone. Once through the sternum the rib spreader is moved to the midline to open the chest at the sternum. 

Division of the sternum results in transection of the internal mammary arteries. These will start to bleed once blood pressure is restored and will need clipping and ligation subsequently.

Relief of tamponade

The pericardium is opened longitudinally to avoid damage to the phrenic nerve, which runs along its lateral border. It is difficult to visualise the phrenic nerve in the emergency thoracotomy. Make a small incision inthe pericardium with scissors and then tear the pericardium longitunidally with your fingers - this will avoid lacerating the phrenic nerve. Evacuate any blood and clot from the pericardial cavity.

Control of haemorrhage

Cardiac wounds

Cardiac wounds should be controlled initially with direct finger pressure. Large wounds may be controlled temporarily by the insertion of a foley catheter with inflation of the balloon. The balloon may obstruct inflow or outflow tracts however and it may also lead to extension of the laceration if excessive traction is placed on it. Satinsky clamps can be placed across wounds of the atria to control haemorrhage. With extensive cardiac damage it may be necessary to temporarily obstruct venous inflow to allow repair. Take care also not to miss posterior cardiac wounds. Examination of the posterior surface of the heart requires displacing it anteriorly, which may obstruct venous inflow. 

Cardiac wounds can be directly sutured using non-absorbable 3/0 sutures such as nylon or polypropene. Bypass is unnecessary, even in the beating heart. Teflon pledgets are unnecessary in the left ventricle but, if available, may be used in the right ventricle. With wounds in the region of the coronary vessels, mattress sutures are used to avoid obstructing coronary flow. Atrial wounds are sutured using a continuous technique.

Pulmonary & Hilar injuries.

Massive haemorrhage from the lung or pulmonary hilum can be temporarily controlled with finger pressure at the pulmonary hilum. This may be augmented by placement of a Satinsky clamp across the hilum. This can however cause laceration of the pulmonary veins when used emergently by the inexperienced surgeon. An alternative is to tie off the pulmonary hilum using tracheal tube tie or tape from a laparotomy pack. 

Acute occlusion of the pulmonary hilum often leads to immediate acute right heart failure, especially in the young fit adult. This needs to be recognised early and managed with only partial or intermittent occlusion of the pulmonary hilum.

Lesser haemorrhage from the lung parenchymas can be controlled with a temporary clamp. 

Great vessel injuries.

Small aortic injuries can be sutured directly using the 3/0 non-absorbable suture. Larger injuries, especially to the arch may require temporary digital occlusion and insitution of cardiac bypass. 

Access to the vascular structures of the superior mediastinum is difficult with an anterolateral thoracotomy. The sternum may have to be split in the midline and/or a supraclavicular incision used to control haemorrhage from subclavian and innominate vessels. Again, control is achieved temporarily with digital pressure or proximal & distal clamp application prior to defintive repair.

Internal cardiac massage

In traumatic arrest, internal cardiac massage should be started as soon as possible following relief of tamponade and control of cardiac haemorrhage. A two-handed technique produces a better cardiac output and avoids the low risk of cardiac perforation with the one-handed manoeuver. 

Aortic cross-clamping

Cross-clamping of the descending thoracic aorta is used routinely in some centres and not at all in others during emergency thoracotomy. The rationale for clamping the aorta is to redistribute blood flow to the coronary vessels, lungs and brain, to reduce exsanguination from injuries in the lower torso. 

The efficacy of the aortic cross clamp in improving perfusion of the coronary arteries and brain is unclear however. Over-zealous fluid replacement with the aortic clamp in place may lead to a significant rise in afterload and precipitate cardiac failure.Organs distal to the clamp will become ischaemic and this includes the spinal cord when the clamp is placed higher, at the aortic isthmus. Clamp time should ideally be 30 minutes or less. On removal of the clamp there is reperfusion of the ischaemic lower torso, and products of anaerobic metabolism and activated inflammatory mediators are released back into the system. This may lead to myocardial depression and subsequent systemic inflammatory response syndrome.

Cross-clamping of the descending thoracic aorta should possibly be reserved for patients with potential exsanguinating injuries to the distal torso.

Cross-clamping is done ideally at the level of the diaphragm, to maximise spinal cord perfusion. Otherwise just below the left pulmonary hilum. The lung is retracted anteriorly and the mediastinal pleura incised. Blunt disection is used to separate the aorta from the oesophagus and prevertebral fascia. This dissection should be enough to place a clamp across the aorta but not complete, to avoid avulsing aortic branches supplying the cord and thorax. 
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• Damage Control Surgery
Karim Brohi, trauma.org 5:6, June 2000

“The modern operation is safe for the patient. The modern surgeon must 

make the patient safe for the modern operation” - Lord Moynihan
Overview

Damage control surgery is one of the major advances in surgical technique in the past 20 years. The principles of damage control have been slow to be accepted by surgeons around the world, as they contravene most standard surgical teaching practices - that the best operation for a patient is one, definitive procedure. 

However it is now well recognized that multiple trauma patients are more likely to die from their intra-operative metabolic failure that from a failure to complete operative repairs. Patients with major exsanguinating injuries will not survive complex procedures such as formal hepatic resection or pancreaticoduodenectomy. The operating team must undergo a paradigm shift in their ‘mindset’ if the patient is to survive such devastating injuries.

Standard surgical teaching

er, emergency room; or, operating room;

The central tenet of damage control surgery is that patients die from a triad of coagulopathy, hypothermia and metabolic acidosis. Once this metabolic failure has become established it is extremely difficult to control haemorrhage and correct the derangements. If the patient is to survive the operation must be foreshortened so that they can be transferred to a critical care facility where they can be warmed and the hypothermia and acidosis is corrected. Once this is achieved the definitive surgical procedure can be carried out as necessary - the ‘staged procedure’.

Staged Laparotomy

ER, emergency room; or, operating room; icu, intensive care unit . The principles of the first ‘damage control’ procedure then are control of haemorrhage, prevention of contamination and protection from further injury. Damage control surgery is the most technically demanding and challenging surgery a trauma surgeon can perform. There is no margin for error and no place for careless surgery.

Further Reading:

Metabolic Failure

Hypothermia. Acidosis. Coagulopathy. These three derangements become established quickly in the exsanguinating trauma patient and, once established, form a vicious circle which may be impossible to overcome. 

Reoperation

Hypothermia

The majority of major trauma patients are hypothermic on arrival in the emergency department due to environmental conditions at the scene. Inadequate protection, intravenous fluid administration and ongoing blood loss will worsen the hypothermic state. Haemorrhagic shock leads to decreased cellular perfusion and oxygenation and so inadequate heat production. Hypothermia has dramatic systemic effects on the bodies functions but most importantly in this context exacerbates coagulopathy and interferes with blood homeostatic mechanisms.

Acidosis

Uncorrected haemorrhagic shock will lead into inadequate cellular perfusion, anaerobic metabolism and the production of lactic acid. This leads to profound metabolic acidosis which also interferes with blood clotting mechanisms and promotes coagulopathy and blood loss.

Coagulopathy

Hypothermia, acidosis and the consequences of massive blood transfusion all lead to the development of a coagulopathy. Even if control of mechanical bleeding is achievable, patients may continue to bleed from all cut surfaces. This leads to a worsening of haemorrhagic shock and so a worsening of hypothermia and acidosis, prolonging the vicious cycle.

Some studies have attempted to place threshold levels on these parameters. Some state that conversion to a damage control procedure should take place if the pH is below 7.2, core temperature is below 32C or the patient has received more than one blood volume transfusion. However, once these levels are reached, it is already too late.

The trauma surgeon must make the decision to convert to a limited procedure within 5 minutes of starting the operative procedure. This decision is made on the initial physiological state of the patient and the rapid initial assessment of internal injuries. Do not wait for metabolic failure to set in. This early decision is imperative to the patients survival.

Damage Control Laparotomy

The principles of damage control surgery are:

1.
Control haemorrhage

2.
Prevention contamination

3.
Avoid further injury

Preparation

Prehospital and emergency department times should be minimized in these patients. All unnecessary and superfluous investigations that will not immediately affect patient management should be deferred. Cyclic fluid resuscitation prior to surgery is futile and will worsen hypothermia and coagulopathy. Colloid solutions will also interfere with clot quality.

These patients should be transferred rapidly to the operating room without repeated attempts to restore circulating volume. They require operative control of haemorrhage and simultaneous vigorous resuscitation with blood and clotting factors.

Anaesthesia should be induced on the operating table once the patient is prepped and draped and the surgeons ready. The shocked patient usually requires minimal anaesthesia and a careful, haemodynamically-neutral induction method should be used. An arterial line is valuable for patient monitoring peroperatively but small-calibre central venous access is of limited use. Blood, fresh frozen plasma, cryoprecipitate and platelet transfusions should be available but clotting factor therapy should be administered rapidly only once control of major vascular haemorrhage has been achieved. All fluids should be warmed and as much of the patient covered and actively warmed as possible. 

General Conduct and Philosophy

The patient should be rapidly prepped from neck to knees with large abdominal packs soaked in antiseptic skin preparation solution. The incision should be made from the xiphisternum to the pubis. This incision may require extension into the right chest or as a median sternotomy depending on the injury pattern.

Relief of intraperitoneal pressure with muscle paralysis and opening of the abdominal wall may result in dramatic haemorrhage and hypotension. Immediate control is necessary and this is initially achieved with four quadrant packing with multiple large abdominal packs. 

Aortic control may be necessary at this stage. This is generally best achieved at the diaphragmatic hiatus with blunt finger dissection and finger pressure by an assistant followed by aortic cross-clamping. The aorta may be difficult to identify in the severely hypovolaemic patient and direct visualization by division of the right crus of the diaphragm may be necessary. Some surgeons prefer to perform a left anterolateral thoracotomy to control the descending thoracic aorta in the chest. However this requires the opening of a second body cavity and further heat loss and is rarely necessary.
The next step is to identify the main source of bleeding. Careful inspection of the four quadrants of the abdomen is necessary. A moment of silence may allow the bleeding to be heard. Immediate control of haemorrhage is with direct, blunt pressure using the surgeons hands, swabs on sticks or abdominal packs. Proximal and distal control techniques are rarely useful in the acute stage. Bleeding from the liver, spleen or kidney can generally be achieved by applying pressure with several large abdominal packs. 
Examination of the abdomen must be complete. This includes, where necessary, mobilization and delivery of retroperitoneal structures using several medial visceral rotation manoeuvers. All intraabdominal and most retroperitoneal haematomas require exploration and evacuation. Even a small perienteric or peripancreatic haematoma may mask a serious vascular or enteric injury. Exploration should proceed regardless of whether the haematoma is pulsatile, expanding or stable or due to blunt or penetrating trauma. Nonexpanding perirenal haematomas, retrohepatic haematomas or blunt pelvic haematomas should not be explored and may be treated with abdominal packing. Subsequent angiographic embolization may be required.

Right medial visceral rotation

Left medial visceral rotation (Mattox)

Prevention of contamination is achieved by the rapid closure of hollow viscus injury. This may be definitive if there are only a few enterotomies requiring primary suture, but more complex techniques such as resection and primary anastomosis should be avoided and bowel ends stapled, sewn or tied off. Inspection of the ends and reanastomosis is performed at the second procedure.

Abdominal closure

Abdominal closure is rapid and temporary. If possible, the skin only is closed with a rapid continuous suture or even multiple towel clips. Abdominal compartment syndrome is common in these patients and if there is any doubt the abdomen should be left open as a laparostomy with a silo-bag or vacuum-pack technique. 

Organ-Specific Techniques

· Liver

· Spleen

· Abdominal vasculature

· Gastrointestinal tract

· Pancreas

· Lung

Liver

The basic damage control technique for control of hepatic haemorrhage is peri-hepatic packing. This manoeuver, when performed properly, will arrest most haemorrhage except for major arterial bleeding.

Major hepatic bleeding may be partially controlled with a soft vascular clamp on the portal triad (Pringle’s manoeuver). Further vascular isolation (inferior vena cava above and below the liver) may be hazardous and is generally unnecessary in a damage control setting. Full hepatic mobilization and extension into the chest either through a median sternotomy or left thoracotomy may be required to achieve this. 
The liver parenchyma can be compressed manually initially, followed by ordered packing. To adequately pack the liver requires compression in the antero-posterior plane. This can only be achieved by mobilization of the right hepatic ligament and systematic placement of packs posterior and anterior to this, as well as one or two in the hepato-renal space. Even retrohepatic venous and inferior vena cava injuries may be controlled in this manner.
Only major arterial bleeds from the liver parenchyma will require further attention. In this case the liver injury can be extended using a finger-fracture technique and the bleeding vessels identified and tied or clipped. In some cases, where the injury is not deep and easily accessible, rapid resectional debridement may be possible by placing large clamps along the wound edges, performing a rapid debridement and the underrunning the clamp with suture to include all the raw surface.

The patient who undergoes hepatic packing should be transferred to the angiography suite immediately after the operation to identify any ongoing arterial haemorrhage which 
Spleen

Except for minor splenic injuries which may be amenable to direct suture techniques, splenectomy is the treatment of choice for major spleen injuries. Attempts at splenic conservation are too time-consuming and prone to failure to justify their use in this setting. 

Abdominal Vasculature

Access to the abdominal aorta in this setting is best achieved by complete medial visceral rotation of the left side of the abdomen. The left colon, spleen and kidney are mobilized and the visceral rotated medially to expose the entire length of the abdominal aorta (the Mattox manoeuver).

Left medial visceral rotation (Mattox)

If in the hands of an experienced vascular surgeon the aorta should be rapidly repaired with direct suture or interposition PTFE graft. However in extreme cases or where this expertise does not exist, the use of intravascular shunts may be considered. A large portion of tube thoracostomy tube is used for the abdominal aorta. Iliac injuries are more suitable for shunting and carotid shunts, thoracostomy tubing or large-bore IV tubing may be utilized. These may also be useful for superior mesenteric artery injuries.

intra-arterial shunt in left common iliac artery

courtesy: Asher Hirshberg MD

Inferior vena cava injuries may be managed by direct suture if amenable, or packing if retrohepatic. Temporary control is best achieved with direct pressure above and below the injury using sponge-sticks. Otherwise venous injuries should be ligated in the damage control setting. 

Opening a pelvic retroperitoneal haematoma in the presence of a pelvic fracture is almost universally fatal - even if the internal iliacs are successfully ligated. In this case the retroperitoneum should not be opened but the pelvis packed with large abdominal packs. The pelvis should be stabilized prior to this (a sheet tied tightly around greater trochanters and pubis is adequate) to prevent the packing procedure opening the pelvic fracture and increasing the haemorrhage.

Gastrointestinal Tract

Once control of haemorrhage has been achieved, attention is turned to prevention of further contamination by controlling spillage of gut contents. Small gastrotomies or enterotomies can be rapidly closed primarily with a single layer continuous suture. 

With extensive damage to the bowel requiring resection, primary anastomosis is required. This may be time consuming and the integrity of the anastomosis is jeopardized in the milieu of generalized hypoperfusion. This may also make decisions about resection margins more difficult to judge.
In this case, especially with colonic injuries, or multiple small bowel lesions, it is wiser to resect non-viable bowel and close the ends, leaving them in the abdomen for anastomosis at the second procedure. The linear stapler is useful to achieve this, but bowel ends may be closed with running suture or even umbilical tapes. Ileostomies or colostomies should preferably not be performed in a damage control setting, especially if the abdomen is to be left open, as control of spillage is almost impossible.
Pancreas

Pancreatic injury rarely requires or allows definitive surgery in the damage control setting. Minor injuries not involving the duct (AAST I,II,IV) require no treatment. If possible a closed suction drain may be placed down to the injury, but this should not be done if the abdomen is packed and left open. If the injury is distal (to the superior mesenteric vein - AAST III) and there is extensive tissue destruction including the pancreatic duct, it may be possible to perform a rapid distal pancreatectomy. 

Massive injuries to the pacreaticoduodenal complex (AAST V) are almost always associated with injuries to the surrounding structures. Patients will not survive complex operations such as pancreaticoduodenectomy. The pancreas should be debrided only. Small duodenal injuries can be repaired with a single layer suture, but large duodenal injuries should be debrided and the ends closed temporarily with suture or umbilical tape to be dealt with at the second procedure.

Lung

Pulmonary resection may be necessary to control haemorrhage or massive air leaks and to remove devitalised tissue. Formal pulmonary lobar or segmental resection is difficult and unnecessary in the multiply injured patient. The simplest method available should be used. This is usually the linear stapling device which will control most vascular and bronchial injuries. This non-anatomical approach also preserves the maximum amount of functional lung tissue. If necessary the staple line may be overrun with a continuous suture. Take care when controlling superficial injuries with simple suture. Often this controls only superficial haemorrhage and bleeding into deeper tissues continues.

Hilar injuries are best controlled initially with finger pressure. Most patients injuries will then be found to be more distal to the hilum and can be treated accordingly. If hilar control must be achieved this can be done with a vascular clamp (Satinsky) or umbilical tape in the acute setting. Up to 50% of patients will die of acute right heart failure following clamping of hilar structures, so this decision must be based on absolute necessity.

Pulmonary tractotomy may be a useful technique where there is a deep penetrating injury to the lung. Two long clamps are placed through the tract of the injury. The wall of the tract is opened, so exposing the inside of the tract. Any bleeding vessels or bronchi can be tied off. The clamps are then overrun with a suture to control the wound edges.

Critical Care

The priority of the critical care phase of treatment is rapid and complete reversal of metabolic failure. The damage control procedure has controlled life-threatening injury, but the patient requires further surgery to remove packs and/or definitively complete the repairs. The next 24 to 48 hours are crucial if the patient is to be fit for a second procedure. After this time multiple organ dysfunction, especially acute respiratory distress syndrome (ARDS), and cardiovascular failure may render re-operation inadequate.

The intensive care unit must act aggressive to reverse the metabolic failure. The patient must be actively warmed, with blankets, air-warming devices or even continuous arteriovenous warming techniques. This is vital to allow correction of coagulopathy and acidosis.

Acidosis is a reflection of impaired oxygen delivery and utilization. Perfusion must be restored to body tissues by warmed intravenous crystalloid and blood administration as necessary. Massive tissue and bowel oedema may ensue due to the activation and release of inflammatory mediators and large volumes of fluid are required. Right heart catheters should be employed as necessary to monitor cardiac filling pressures and determine oxygen delivery. Vasodilating agents such as dobutamine or the phsophodiesterase inhibitors may be necessary to help open up vascular beds. In the absence of technology that can monitor muscle and gut perfusion, the base deficit or lactate levels should be used to guide resuscitation.

Coagulopathy is treated by the administration of fresh frozen plasma, cryoprecipitate and platelets as necessary, and correcting the hypothermia and acidosis. If correction of metabolic failure is to succeed, all three derangements must be treated simultaneously and aggressively. Take care not to miss the patient who has started to actively bleed again. Large losses from thoracostomy tubes, abdominal distention or loss of control of an open abdomen, or repeated episodes of hypotension all suggest that mechanical bleeding is occurring that will require surgical control. 

Abdominal Compartment Syndrome

Effects:

Cardiovascular

A rise in the intra-abdominal pressure leads to a fall in cardiac output, due mainly to compression of the inferior vena cava and reduction in venous return to the heart. Cardiac output is reduced despite apparent rises in central venous pressure, pulmonary artery occlusion pressure and systemic vascular resistance. This distortion of standard monitoring modalities makes adequate and appropriate resuscitation difficult. 

Respiratory

Raised intra-abdominal pressure will effectively splint the diaphragm and lead to a rise in peak airway pressure and intra-thoracic pressure and subsequently a reduced venous return to the heart. The increase in airway pressures may also exacerbate barotrauma and contribute to the development of acute respiratory distress syndrome. 

Renal

An acute increase in intra-abdominal pressure leads to oliguria and anuria probably due to compression of the renal vein and renal parenchyma. Renal blood flow, glomerular filtration are decreased with a corresponding increase in renal vascular resistance.

Cerebral

The rise in intra-abdominal pressure, intrathoracic pressure leads to a rise in central venous pressure which prevents adequate venous drainage from the brain, leading to a rise in intracranial pressure and worsening of intracerebral oedema.

Diagnosis of Abdominal Compartment Syndrome

The abdominal compartment should be suspected and sought for in any multiple trauma patient who has undergone a period of profound shock. Clinically it is characterized by a fall in urine output associated with an elevated central venous pressure. The diagnosis can be confirmed by the measurement of intra-abdominal pressure. This may be done either through a foley catheter in the bladder or a nasogastric tube in the stomach. Simple water-column manometry is used at 2 to 4 hourly intervals, although it is possible to connect a pressure transducer to a foley catheter.

Normal intra-abdominal pressure is zero or subatmospheric. A pressure of over 25cmH2O is suggestive, and over 30cmH2O diagnostic, of the abdominal compartment syndrome.

Management

It is better to anticipate the development of abdominal compartment syndrome and use an alternate wound closure technique to prevent its occurrence. If the abdomen is at all difficult to close, this procedure should be abandoned at alternative techniques applied. A good rule of thumb is that if, when looking at the abdomen horizontally, the guts can be seen above the level of the wound, the abdomen should be left open and temporary closure utilized.
The easiest method to control the open abdomen is to use a silo-bag closure. A 3 litre plastic irrigation bag is emptied and cut open so it lies flat. The edges are trimmed and sutured to the skin, away from the skin edges, using a continuous 1 silk suture. It is useful to place a sterile absorbent drape inside the abdomen to soak up some of the fluid and ease control of the laparostomy.

An alternative technique is the ‘vacuum-pack’ technique. Here the 3 litre bag is opened and placed into the abdomen to protect the gut contents, under the sheath. Two large calibre suction drains are placed over this, and a large adherent steridrape placed over the whole abdomen. The suction catheters are connected to high-displacement suction to provide control of fluid losses and create the ‘vacuum-pack’ effect.

Do not suture material to the sheath. Repeated suturing of the sheath damages it and makes definitive closure impossible. If the sheath cannot be closed at a subsequent operation, the defect may be closed with an absorbable mesh system.

Sudden release of the abdominal compartment syndrome may lead to an ischaemia-reperfusion injury causing acidosis, vasodilatation, cardiac dysfunction and arrest. Prior to release the patient should be pre-loaded with crystalloid solution. Mannitol and vasodilators such as dobutamine or the phosphodiesterase inhibitors may have a place here.

Reoperation 

The principles of reoperation are removal of clots and abdominal packs, complete inspection of the abdomen to detect missed injuries, haemostasis and restoration of intestinal integrity and abdominal wound closure.

Timing of reoperation is critical. There is usually a window of opportunity between correction of metabolic failure and the onset of the systemic inflammatory response syndrome and multiple organ failure. This window usually occurs at 24-48 hours after the first procedure. There is a tradeoff between earlier re-operation, when the patient may be less stable and bowel-well oedema marked, and delaying the procedure to a point where cardiovascular, respiratory and renal failure make the procedure hazardous. Vascular shunts should be removed and grafts inserted at the earliest opportunity as these may dislodge or clot once coagulopathy is corrected. If packs are left in the abdomen it is generally recommended that these are removed at 48-72 hours, although there is little evidence to suggest that leaving them longer is detrimental.

Abdominal packs, especially around the liver or spleen should be removed cautiously as they may be stuck to the parenchyma and removal may lead to further bleeding. Soaking the swabs may aid this process. The bleeding is rarely dramatic however and may be controlled with argon-beam diathermy or fibrin glue. Occasionally repacking will be necessary.

Any intestinal repairs carried out at the first procedure should be inspected to determine their continued integrity. Bowel ends that were stapled or tied off should be inspected, necrotic tissue debrided and primary repair with end-to-end anastomosis undertaken. With a haemodynamically stable, warm patient, colostomy is rarely necessary.

Copious washout should be performed and the abdomen closed with standard mass closure to the sheath and routine skin closure. If the sheath cannot be re-approximated temporary silo closure can be reinstated or an absorbable PDS or vicryl mesh applied which can be skin grafted at a later stage. The resulting incisional hernia can be closed at a later procedure.

• Transfusion for Massive Blood Loss
Presented below is a description of massive blood loss and the inherent problems associated with large volume blood transfusions. Following this is a suggested protocol for guiding management of the patient receiving a massive transfusion for haemorrhage. 

Definition 

Massive transfusion is arbitrarily definied as the replacement of a patient’s total blood volume in less than 24 hours, or as the acute administration of more than half the patient’s estimated blood volume per hour. 

Aim of Treatment 
The aim of treatment is the rapid and effective restoration of an adequate blood volume and to maintain blood composition within safe limits with regard to haemostasis, oxygen carrying capacity, oncotic pressure and biochemistry. 

Complications of Massive Transfusion
The complications of massive transfusion are those of any blood transfusion plus : 

· Blood Volume Replacement

The complications of massive transfusion are exacerbated by inadequate or excessive transfusion. Traditionally transfusion of hypovolaemic patients has been directed towards maintaining a haemoglobin concentration of 10g/dl. The use of haemoglobin as the only indicator (or ‘transfusion trigger’) may result in unnecessary administration of blood products, with their concommittant risks. 

Transfusion requirements should be based on the patient’s physiologic needs, defined by their oxygen demand (consumption). 

Oxygen consumption is given by : 

Where CO = Cardiac Output, CaO2 and CvO2 are arterial and venous oxygen content respectively. 

Oxygen delivery is : 

The extraction ratio (ER) is the ratio of oxygen consumption to oxygen delivery, normally around 25%. 

The most appropriate monitor of tissue oxygen supply is the tissue oxygen tension, reflected by the PvO2, or mixed venous partial pressure of oxygen (normally 6 kPa, 45mmHg). Patients with a low PvO2 can be classed as stable or unstable depending on haemodynamics, ventilation, acid base status and urine output. If they are stable, no therapy is indicated until a true critical level is reached (PvO2 around 3 kPa, 23mmHg). If unstable, treatment must be intituted. 

Thus transfusion should be guided by haemodynamic stability, PvO2 and ER. Obviously during trauma resuscitation, haemodynamic stability is the key indicator. 

In summary : 

· If Hb > 10g/dl transfusion is rarely indicated. 

· If Hb < 7g/dl transfusion is usually necessary. 

· With Hbs between 7 and 10 g/dl, clinical status, PvO2 and ER are helpful in defining transfusion requirements.

· Thrombocytopenia

Dilutional thrombocytopenia is inevitable following massive transfusion as platelet function declines to zero after only a few days of storage. It has been shown that at least 1.5 times blood volume must be replaced for this to become a clinical problem. However, thrombocytopenia can occur following smaller transfusions if disseminated intravascular coagulation (DIC) occurs or there is pre-existing thrombocytopenia. 

· Coagulation Factor Depletion

Stored blood contains all coagulation factors except V and VIII. Production of these factos is increased by the stress response to trauma. Therefore only mild changes in coagulation are due to the transfusion per se, and supervening DIC is more likely to be responsible for disordered haemostasis. DIC is a consequence of delayed or inadequate resuscitation, and the usual explanation for abnormal coagulation indices out of proportion to the volume of blood transfused. 

· Oxygen Affinity Changes

Massive transfusion of stored blood with high oxygen affinity adversely affects oxygen delivery to the tissues. Evidence for this is as yet not forthcoming, but it would seem wise to use fairly fresh red cell transfusions (<1 week old). Use of fresh (<24 hours) blood is not indicated. 2,3 DPG levels rise rapidly following transfusion and normal oxygen affinity is usually restored in a few hours. 

· Hypocalcaemia

Each unit of blood contains approximately 3g citrate, which binds ionized calcium. The healthy adult liver will metabolise 3g citrate every 5 minutes. Transfusion at rates higher than one unit every five minutes or impaired liver function may thus lead to citrate toxicity and hypocalcaemia. Hypocalcaemia does not have a clinically apparent effect on coagulation, but patients may exhibit transient tetany and hypotension. Calcium should only be given if there is biochemical, clinical or electrocardiographic evidence of hypocalcaemia. 

· Hyperkalaemia

The plasma potassium concentration of stored blood increases during storage and may be over 30mmol/l. Hyperkalaemia is generally not a problem unless very large amounts of blood are given quickly. On the contrary, hypokalaemia is more common as red cells begin active metabolism and intracellular uptake of potassium restarts. 

· Acid/Base Disturbances

Lactic acid levels in the blood pack give stored blood an acid load of up to 30-40mmol/l. This, along with citric acid is usually metabolised rapidly. Indeed, citrate is metabolised to bicarbonate, and a profound metabolic alkalosis may ensue. The acid-base status of the recipient is usually of more importance, final acid/base status being dependent on tissue perfusion, rate of administration amd citrate metabolism. 

· Hypothermia

Hypothermia leads to reduction in citrate and lactate metabolism (leading to hypocalcaemia and metabolic acidosis), increase in affinity of haemoglobin for oxygen, impairment of red cell deformability, platelet dysfunction and an increased tendency to cardiac dysrhythmias. 

· Acute Respiratory Distress Syndrome (ARDS)

The aetiology of ARDS is as yet not fully understood, but various risk factors have been identified. Both under- and over-transfusion are associated with an increased risk of ARDS, as is albumin < 30g/l. Microaggregate filters should be used during massive transfusion except when giving fresh whole blood or platelets. 

Protocol for Management of Massive Transfusion
Sequence of Components

Profound hypotension should be treated speedily. Administer crystalloid or colloid infusions rather than delay fluid administration. Initial red cell replacement is in the form of packed red cells. 

Laboratory Samples

At the start of resuscitation, blood should be taken for group and crossmatch, coagulation tests, full blood count and biochemistry. These must be properly labelled and identified in all situations. 

Blood Bank Arrangements

Routine procedures should be followed until it becomes obvious that massive transfusion is likely. The blood bank should be informed as soon as possible that a major trauma is arriving or in the building. 

For extreme emergencies group O blood should be supplied first. Rhesus D negative blood should be supplied to all women of childbearing age. Type specific (ABO Rh D matched) blood should be available in 5 minutes and the switch should be made promptly so as not to deplete stores of group O blood. Continue transfusing blood on this basis until time is available to crossmatch on the original serum sample. If an antibody screen is negative and more than one blood volume has been administered there is no point attempting compatibility tests except to exclude ABO mismatches. 

Monitoring

During massive transfusion, regular monitoring of haemoglobin, platelet count, prothrombin time (PT), partial thromboplastin time (PTT) and fibrinogen levels should take place and be used to guide component replacement. 

Components

Component replacement should occur only in the presence of active bleeding or if interventional procedures are to be undertaken. 

Platelet concentrates (1 pack/10kg) are given if platelet count falls below 50. Each platelet concentrate also provides around 50ml of fresh plasma. 

Fresh frozen plasma (12ml/kg)is administered if PT or PTT are running higher than 1.5 times control levels. 

Cryoprecipitate (1-1.5 packs/10kg) is given for Fibrinogen levels < 0.8g/l. 

For massive uncontrolled traumative haemorrhage, maintenance of full haemostatic ability is usually unrealistic. The priority is for definitive surgical arrest of haemorrhage from major vessels. Combinations of stored whole blood, packed cells, colloids & crystalloids are given to maintain blood volume or pressure at adequate levels and haemoglobin at around 7g/dl or haematocrit at 0.25. Conserve limited supplies of fresh blood, plasma or platelets until the bleeding is controlled. 

When blood loss has lessened (0.5l/hour) and major vessels have been controlled, it becomes worthwhile correcting haemostasis. 

Further Reading 

• SPINE TRAUMA
 
•Initial Assessment of Spinal Trauma
Karim Brohi, trauma.org 7:4, April 2002
Introduction 

The diagnosis of an unstable spinal injury and its subsequent management can be difficult, and a missed spine injury can have devastating long-term consequences. Spinal column injury must therefore be presumed until it is excluded. 

Initial Assessment of Spinal Trauma 

Some studies of spinal trauma have recorded a missed injury rate as high as 33%. Delayed or missed diagnosis is usually attributed to failure to suspect an injury to the cervical spine, or to inadequate cervical spine radiology and incorrect interpretation of radiographs. An appropriate procedure for the evaluation of the potentially unstable spine must be robust and easy to implement, with a high sensitivity, given the potential importance of such injuries. It must also address the main issues raised by the modalities available for diagnosis.

For spinal trauma, the main concerns are which patients can be cleared by clinical exam alone, how many plain X-rays are necessary and when should additional imaging using Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) be used. An assessment for ligamentous injury in the absence of a fracture is also important, especially in unconscious patients who are unable to complain of neck pain or tenderness.

While it is tempting to focus on the cervical spine, it is important to assess and clear the entire spinal column. The thoracolumbar spine, while more protected, is at risk in major trauma and must be assessed both clinically and radiologically. Additionally, 5% of spinal injuries have a second, possibly non-adjacent, fracture elsewhere in the spine. 

These pages discuss the initial assessment and management of the potentially spine injured patient. The actual protocol implemented at any given institution will depend on the expertise and facilities available. Where the required expertise or imaging are not available in a given institution, the protocol should encompass criteria for expeditious transfer of patients to specialist care.
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•Spinal Stabilization & Management

Karim Brohi, trauma.org 7:4, April 2002
Indications for spinal immobilisation

Very few studies define the criteria used to decide who is at risk from cervical spine injury. 

Blunt Injury

All patients with sufficient mechanism of injury to lead to a spinal injury should be considered to have a spinal injury until proven otherwise. What constitutes ‘sufficient mechanism’ is undefined.

Initial Assessment of Spinal Trauma 

Penetrating Injury

Gunshot wounds that have traversed the spinal column may produce unstable injuries and caution should be exercised. Gunshot wounds to the cranium alone are not associated with a risk of cervical spine trauma. It is not necessary to immobilise stab injuries. Spinal immobilisation devices may interfere with the recognition and management of life-threatening conditions. 

Techniques of immobilisation and patient handling

The spine should be protected at all times during the management of the multiply injured patient. The ideal position is with the whole spine immobilised in a neutral position on a firm surface. This may be achieved manually or with a combination of semi-rigid cervical collar, side head supports and strapping. Strapping should be applied to the shoulders and pelvis as well as the head to prevent the neck becoming the centre of rotation of the body. 

Prehospital 

Manual spinal protection should be instituted immediately. The application of definitive immobilisation devices should not take precedence over life-saving procedures.

If the neck is not in the neutral position, an attempt should be made to achieve alignment. If the patient is awake and co-operative, they should actively move their neck into line. If unconscious or unable to co-operate this is done passively. If there is any pain, neurological deterioration or resistance to movement the procedure should be abandoned and the neck splinted in the current position. 

Long spine (rescue) boards are valuable primarily for extrication from vehicles. Repeated transfers to and from the board may compromise spinal protection and induce a significant amount of spinal movement. Patients may also be transferred on a scoop stretcher and/or vacuum mattress. There is little place for the short spine board or spinal extrication devices in the prehospital environment. 

In-hospital 

The spine board should be removed as soon as possible once the patient is on a firm trolley. Prolonged use of spine boards can rapidly lead to pressure injuries. Full immobilisation should be maintained. Manual protection should be reinstated if restraints have to be removed for examination or procedures (eg. intubation). 

The log-roll is the standard manoeuvre to allow examination of the back and transfer on and off back boards. Four people are required, one holding the head and coordinating the roll, and three to roll the chest, pelvis and limbs. The number and degree of rolls should be kept to an absolute minimum. Rigid transfer slides (eg. Patslide) are useful for transferring the patient from one surface to another (eg CT scanner, operating table). 

Patients who are agitated or restless due to shock, hypoxia, head injury or intoxication may be impossible to immobilise adequately. Forced restraints or manual fixation of the head may risk further injury to the spine. It may be necessary to remove immobilisation devices and allow the patient to move unhindered. 

Anaesthesia may be necessary to allow adequate diagnosis and therapy. Intubation of the trauma victim is best achieved via rapid sequence induction of anaesthesia and orotracheal intubation, though the technique used should ultimately depend on the skills of the operator. The collar should be removed and manual, in-line protection re-instituted for the manoeuvre. The routine use of a gum elastic bougie is recommended, minimising cervical movement by allowing intubation with minimal visualisation of the larynx. 

Spinal immobilisation is a priority in multiple trauma, spinal clearance is not.

Transfer to Secondary Units

Patients may require transfer to other units for definitive care of other injuries such as head or pelvic trauma. There should be no unnecessary delays in the transport of these patients. Transfer should not wait for unnecessary diagnostic procedures that will not alter management. This includes radiological imaging of the spine. 

The spine should be immobilised and protected for the transfer. Split-scoop stretchers and vacuum mattresses are more appropriate for transfer than rigid spinal (rescue) boards, which should be reserved for primary extrication from vehicles, rather than as devices for transporting patients.
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• Clinical clearance of Cervical Spine Injury

Numerous large prospective studies have described the large cost and low yield of the indiscriminate use of cervical spine radiology in trauma patients. Although there are case reports of bony or ligamentous injuries in asymptomatic patients, no asymptomatic patient in the literature has had an unstable cervical spine fracture or suffered neurological deterioration due to the injury. There is no conclusive evidence in the literature that supports clinical clearance of the spine in the prehospital environment. There is enough variation between prehospital and in-hospital assessments to recommend that prehospital removal of spinal immobilisation be avoided. Mechanism of injury alone does not determine the need for radiological investigation. 

The cervical spine may be cleared clinically if the following preconditions are met: 

· Fully alert and orientated

· No head injury

· No drugs or alcohol

· No neck pain

· No abnormal neurology

· No significant other ‘distracting’ injury (another injury which may ‘distract’ the patient from complaining about a possible spinal injury).

Provided these preconditions are met, the neck may then be examined. If there is no bruising or deformity, no tenderness and a pain free range of active movements, the cervical spine can be cleared. Radiographic studies of the cervical spine are not indicated. 
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Plain Film Radiology

The standard 3 view plain film series is the lateral, antero-posterior and open-mouth view. 

The lateral cervical spine film must include the base of the occiput and the top of the first thoracic vertebra. The lateral view alone is inadequate and will miss up to 15% of cervical spine injuries. The lower cervical spine may be difficult to examine and caudal traction on the arms should be used to improve visualisation. Repeated attempts at plain radiography are usually unsuccessful and waste time. If the lower cervical spine is not visualised a CT scan of the region is indicated. 

How to read the lateral cervical spine film.

The antero-posterior view must include the spinous processes of all the cervical vertebrae from C2 to T1. 

The open-mouth view should visualise the lateral masses of C1 and the entire odontoid peg. Bite blocks may improve the open-mouth view. In the unconscious, intubated patient the open mouth view is inadequate and should be replaced by a CT scan from the occiput to C2. 

The addition of two oblique views to the standard 3-view series does not increase the sensitivity of plain film evaluation. Some centres use two supine or trauma-oblique views to replace the antero-posterior view. These views can provide excellent visualisation of the posterior elements of the cervical spine and provide significantly more information than the antero-posterior view. 

CT Scanning

Thin-cut (2mm) axial CT scanning on specific bone windows, with sagittal and coronal reconstruction should be used to evaluate abnormal, suspicious or poorly visualised areas on plain radiology. With technically adequate studies and experienced interpretation, the combination of plain radiology and directed CT scanning provides a false negative rate of less than 0.1%. The scan should include the entire vertebral body above and below the region of interest, as these must be undamaged for subsequent internal fixation. 

Assessment of soft tissue injury in the awake patient 

The patient with normal radiological evaluation as described above who has persistent symptoms requires an evaluation of soft tissue injury with static flexion and extension imaging of the neck at the extremes of the active range of motion. Pure disc or ligamentous disruption can produced unstable cervical spine injuries and will usually be detected by such imaging. The movements are safe provided the patient performs them actively and halts if there is an increase in pain or neurological symptoms. 

Magnetic Resonance Imaging

All patients with an abnormal neurological examination should be evaluated in a specialist unit and have an MRI scan of the spine. Patients who report transient neurological symptoms (the ‘stinger’ or ‘burner’) but who have a normal exam should also undergo an MRI assessment of their spinal cord.
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• Clearance of Cervical Spine Injury - Unconscious, Intubated Patients
The standard radiological examination of the cervical spine in the unconscious, intubated patient is :

· Lateral cervical spine film

· Antero-posterior cervical spine film

· CT scan of occiput - C3
The open-mouth odontoid radiograph is inadequate in intubated patients and will miss up to 17% of injuries to the upper cervical spine.

Thin-cut (2mm) axial CT scanning on specific bone windows, with sagittal and coronal reconstruction should be used to evaluate abnormal, suspicious or poorly visualised areas on plain radiology. With technically adequate studies and experienced interpretation, the combination of plain radiology and directed CT scanning provides a false negative rate of less than 0.1%. The scan should include the entire vertebral body above and below the region of interest, as these must be undamaged for subsequent internal fixation.

Ligamentous Instability

Clearance of the spine in unconscious patients is limited by the lack of clinical information. The incidence of unstable spinal injury in adult, intubated trauma patients is around 10.2%. The incidence of unstable, occult spinal trauma (not visible on plain films is around 2.5%. The options for full clearance of cervical spine injury are:

· Continue precautions until fully conscious

· Magnetic Resonance Imaging

· Dynamic Flexion-Extension Fluoroscopy

· CT Scan whole cervical spine

Continue spinal precautions until fully conscious.

Where the patient is expected to regain full consciousness in the following 24-48 hours, patients can be nursed with full spinal precuations. Once the patient has returned to full consciousness, clinical examination can exclude significant ligamentous injury.

Prolonged spinal immobilisation in critically ill patients leads to decubitus ulcers and deep venous thromboses while compromising nursing care, respiratory support and the management of traumatic brain injury. 

A semi-rigid collar is not necessary in the adequately sedated, ventilated patient, and may increase intracranial pressure in patients with traumatic brain injury.

Magnetic Resonance Imaging

MRI is extremely sensitive at detecting soft tissue injuries without stressing the cervical spine. However the significance of such injuries with regards to the clinical stability of the spine is not clear, and the number of false positive examinations is high. MRI of ventilated patients is a significant undertaking requiring special non-ferromagnetic equipment. However the increasing use of MRI for critically ill patients is making this equipment cheaper and more widely available. Possibly because of the difficulties associated with undertaking routine MRI scans in these patients, there have been few good studies on the use of MRI in clearing the cervical spine in unconscious patients.

Dynamic Flexion-Extension Fluoroscopy

Fluoroscopy Passive dynamic flexion/extension stressing of the cervical spine, performed by an experienced clinician, should reveal most significant ligamentous injuries. Several centres have reported their results, and some guidelines give primary support to the use of dynamic fluoroscopy in clearance of the spine in unconscious patients. 

However, there are significant difficulties in performing flexion/extension imaging routinely on the intensive care unit, and many spinal surgeons are unwilling to perform the study due to safety & resource implications. Of 625 patients currently reported in the literature, dynamic fluoroscopy has a sensitivity of 92.3% and specificity of 98.8%. Two cases of neurological deterioration during the study have been reported, including one complete quadriplegia.

CT Scan whole Cervical Spine

In recent years, the concept of full cervical spine CT for assessment of spinal injury has emerged. There are several studies that have demonstrated the robustness of the full CT scan, with sagittal and coronal reconstructions, for the exclusion of significant spinal injury. Widening, slippage or rotational abnormalities of the cervical vertebrae suggest soft tissue injury. An absence of such signs appears to exclude significant instability. Abnormal findings on the CT scan are evaluated by a spinal surgeon and additional modalities, such as MRI, can be employed. No study has missed a cervical spine injury, and no study has identified an injury on plain films that was not apparent on the CT scan. 

Helical or multislice CT scanning from the Occiput to T1 is performed at 2-3mm collimation and 1.5mm pitch. Sagittal and coronal reconstructions are must be closely examined for indications of ligamentous instability. When whole cervical spine CT scanning is performed, the antero-posterior plain film becomes redundant.
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• Assessment of Paediatric Spinal Injury
Karim Brohi, trauma.org 7:4, April 2002 

Children have a disproportionately larger head size than adults, and when supine on a firm surface will be in a position of slight flexion. This slight degree of flexion is rarely a problem, though it can give rise to difficulties in X-ray interpretation. This can be corrected by placing a folded towel or sheet under the patient’s shoulders to bring the cervical spine into the neutral position. 

It may be difficult to immobilise a child adequately. Distress and discomfort may require that manual in-line stabilisation is used instead of a semi-rigid collar, blocks and tape. Collar sizing may be difficult and there are no collars that adequately fit infants aged 6 and below.

Clinical Clearance

Clinical clearance of the spine is less well established in the paediatric population. While the NEXUS study (Vicellio) has shown promise in this area, of 3065 patients there were only 4 cervical spine injuries in patients under 9 years of age, and none below 2 years old.

Radiology

The immature anatomy of the paediatric cervical spine requires some expertise and familiarity to interpret and to avoid missed injuries. Due to the paediatric patients’ larger head size, pseudosubluxation of C2 on C3, and anterior translations may appear as injuries rather than as consequences of mild flexion.

Introduction
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• ABDOMINAL TRAUMA 
• Injury to the Colon and Rectum 

Karim Brohi, trauma.org 8:7, July 2003

Introduction

The colon is the second most commonly injured organ in penetrating trauma, but injury is rare in blunt trauma (2-5%). However rectal injuries are more common in blunt trauma, especially when associated with pelvic injuries. Diagnosis of these injuries may be difficult - especially in the unconscious or obtunded patient. Maintaining a high degree of suspicion is vital to avoid missing these injuries.


Case Presentation: Missed rectal injury 

A 22 year old man presented to the trauma centre 3 days following a stab wound to the right buttock. He had initially been seen at another hospital where a 1.5cm wound to the outer aspect of the right buttock had been cleaned and stitched. He represented due to pain in the buttock and appearance of a 4cm black patch around the buttock wound. He had never complained of any rectal pain or bleeding.

Examination at the trauma centre included digital rectal examination and rigid sigmoidoscopy/proctoscopy, revealing some blood and pus and an injury to the lateral rectal wall. The patient was transferred immediately to the operating room for debridement of the buttock wound and defunctioning colostomy. On the operating table the nectroci patch on the buttock had expanded to approximately 8cm in diameter. Debridement was commenced but could not keep pace with the rapidly spreading necrotizinf fasciitis.

The patient eventually died on the operating table when it became apparent the sepsis had spread to include his upper and lower limbs. 

Diagnosis

Colon Injuries

Most colonic injuries are identified at laparotomy performed for injury to other organs. Penetrating injury to the colon usually presents with peritonitis. This may develop over the course of a few hours and therefore serial physical examination is important for patients who are being managed non-operatively.


In patients where there is clinical suspicion of injury without overt signs, or clinical examination is impossible or unreliable (unconscious, intoxicated, spinal cord injury) then other modalities must be employed. The options are Computed Tomography (CT), Diagnostic Peritoneal Lavage (DPL) and Laparoscopy. Neither diagnostic peritoneal lavage nor laparoscopy will adequately evaluate the colon - especially the retroperitoneal colon.

Computed Tomography

CT is rapidly becoming the investigation of choice for evaluating blunt abdominal trauma in the haemodynamically normal patient. Colonic injury is suggested by free extraluminal air, intra-peritoneal or retro-pertioneal free fluid, focal thickening of the bowel wall, bowel wall haematoma or intra-mural air. Scans should be viewed on both abdominal and ‘bone’ windows to increase the sensitivity for free air. The overall accuracy of CT for evaluating bowel injury is 82%, with a sensitivity of 64% and a specificity of 97%. These figures may be improved with the use of triple-contrast (IV, oral and rectal) although the use of oral and rectal contrast is not universal. CT may also be useful in excluding peritoneal violation and allowing early discharge rather than admission for observation. 

Rectal Injuries

A high index of suspicion for trauma is vital if injuries are not to be missed. In blunt trauma, rectal injuries are most commonly associated with pelvic fractures. Rectal examination should be performed on all pelvic injuries, looking for blood and bone fragments lacerating the rectal wall. If there is any doubt about the disagnosis, rigid sigmoidoscopy should be performed. When identified early and managed appropriately, open pelvic fractures have a mortality approaching that of closed injuries. However, in the presence of a missed rectal injury, the mortality may be as high as 50%.

Penetrating rectal injuries may be caused by injuries to the abdomen, thigh or buttock, as in the case presented. Again, any penetrating wound that may have injured the rectum should be fully evaluated with digital examination and proctoscopy/sigmoidoscopy. Even with these examinations it is possible to miss a significant rectal injury.

A Brief History

Management of colonic injury has fluctuated over the past 100 years. During the first world war, the first papers describing large numbers of colonic injuries were published. The overall mortality from colonic injury was around 60%. At the time most injuries presented over 6 hours old, there were no antibiotics and intravenous fluid infusion was rare. Laparotomy was not universal for these injuries, and mobilisation of the colon was not routinely practiced. 


By the end of the war most series were reporting favourable results with primary suture of simple colonic injuries, and suggesting that colostomy be reserved for more extensive trauma. However, in the early part of the second world war, and despite the previous evidence to the contrary, Ogilvie recommended colostomy for all colonic injuries. This was despite Ogilivie’s own paper recording a mortality of 50% for primary repair compared to 59% for colostomy.

“The treatment of colon injuries is based on the known insecurity of suture and the dangers of leakage. Simple closure of a wound of the colon, however small, is unwarranted; men have survived such an operation, but others have died who would still be alive had they fallen into the hands of a surgeon with less optimism and more sense. Injured segments must either be exteriorized, or functionally excluded by a proximal colostomy.” - W. H. Ogilvie. 1944

Adding to the call for colostomy was a publication from the Office of the Surgeon General of the United States in 1943 which mandated that all colonic injuries be treated by colostomy. By the end of the second world war, mortality from colon injuries was being reported at 5-20%. This was attributed to the use of colostomy, but again all series reporting both treatment methods had a lower mortality in the primary repair group. The use of colostomy for all colonic injuries continued into the Korean and Vietnam wars.

After the second world war, civilian surgeons started reporting their experience with colonic injuries. Again, primary repair was associated with better outcomes. Woodhall & Oschner reported an 8.3% mortality for primary repair compared with 35% mortality for colostomy. More evidence supporting primary repair emerged over the next decades. In the past 2 decades there are been several prospective studies and randomised control trials supporting primary repair in most cases of penetrating colonic injury.

Small penetrating wounds can be closed with simple suture. More significant bowel injury should be treated with resection and anastomosis. Repair is with a single-layer, continuous, extra-mucosal, monofilament suture.

Over the past 2 decades there have been several prospective randomised controlled trials comparing primary repair with colostomy formation. All have shown either no difference, or improved outcomes with primary repair (usually in terms of hospital stay and complication rates). The leak rate for primary repair is around 1%.

Analysing subsets, there is no evidence to support routine use of colostomy for colonic injuries, whether left or right colon, blunt or penetrating, simple suture or resection. Primary repair is also cheaper, especially when factoring into account the complications of colostomy closure.

Patients at risk of anastomotic breakdown are those in whom diagnosis has been delayed significantly (24 hours), and those who are hypovolaemic and have reduced gut perfusion in the perioperative period. Where there is a long delay in diagnosis or treatment, repair and proximal colostomy MAY be the preferred option, though each case should be managed on its own merits.

Damage Control

Patients who are in haemorrhagic shock, and are (or soon will be) hypothermic, coagulopathy and acidotic should have a damage control procedure. Once control of haemorrhage is achieved, management of gastrointestinal injury is limited to the control of sepsis. Small wounds may be sutured primarily, but larger areas of damaged colon should be excised and the ends tied or stapled closed. Repair and restoration of intestinal continuity is reserved for a subsequent operation. 

Abdominal compartment syndrome is a frequent sequelae of shock and hypoperfusion. The presence of a colostomy in these patients can be disastrous. In the worst case, the abdomen may swell and the colostomy retract into the peritoneal cavity. Even without this, the wound management of an open abdomen with a nearby colostomy can be extremely challenging. If colostomies must be placed they should be brought out far more laterally than their usual position, away from the wound edges.

Management of Rectal Injuries

Rectal injuries above the peritoneal reflection can be treated as colonic injuries and repaired primarily.

Extraperitoneal rectal injuries should be repaired primarily if possible. The rectum can be mobilised to allow repair, and posterior wall injuries repaired through an anterior wound or colotomy. (Do not repair an anterior wound without examining the posterior rectal wall). Some low rectal injuries can be repaired trans-anally.

Where the position of the injury precludes repair a proximal, diverting colostomy should be performed. The options here are loop colostomy, loop with distal soma closed, a colostomy and mucus fistula or a Hartmann’s procedure. A well-fashioned loop colostomy is usually preferred, is adequate in diverting the faecal stream away from the repair and is easily closed. The central spur should be above the level of the skin to allow complete diversion.

Where there is more extensive damage to a significant portion of the rectal wall, or the injury is complex, a Hartmann’s procedure (proximal colostomy and closed, intra-peritoneal distal end) is probably warranted. 

Pre-Sacral Drainage

Drainage of the pre-sacral space used to be a routine procedure for all rectal injuries. However, a propective randomised trial of 48 patients by Gonzalez in 1998 showed a lower complication rate without presacral drainage (8% with drainage, 4% without). Similarly McGrath and Fabian in 1998 also found no difference in presacral infection rates comparing patients with and without presacral drainage.

Pre-sacral drainage probably still has a place in high-energy blunt trauma, pelvic fractures and where there is delayed repair of injuries.

Distal Washout

Washout of the distal rectal stump has also been routinely practiced, but there is no supporting evidence for the procedure. Although it may reduce faecal load in the rectum, it may also force faecal material out of a rectal laceration. McGrath & Fabian in 1998 found no difference in pelvic infection rates comparing those patients with and without distal washout. Distal washout may be more applicable to military injuries where soldiers are often constipated and where surgical procedures are performed after some delay.

Combined Genito-urinary Injuries

Combined rectal and genito-urinary injuries have a significantly higher complication rate than isolated rectal injuries. Complications are increased by distal rectal washout, no presacral drainage, repair of a rectal injury, prolonged supra-pubic drainage and failure to adequately separate the GI and GU injuries.

Guidelines for the management of Colon & Rectal Trauma

Haemorrhagic Shock.

Hypothermia - Coagulopathy - Acidosis

Damage Control Procedure

Control Haemorrhage

Rapid primary suture of small wounds.

Transect & close (stapler) more extensive injuries for later repair.

Avoid colostomy.

 


Colon:

Primary repair.

Consider colostomy if >24 hours post trauma.

Rectum:

Primary Repair if:

Intra-peritoneal rectal injury.

Extra-peritoneal rectal injury that can be mobilised intra-peritoneally or repaired trans-anally.

No pre-sacral drainage

No distal washout.

Proximal diverting loop colostomy if:

More extensive rectal injury.

Position makes repair impossible.

Pre-sacral drainage if high-energy, blunt trauma or delayed surgery

No distal washout.

Hartmann’s Procedure if:

Severe extra-peritoneal rectal injury.
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Introduction

The use of focused ultrasonography has now become an extension of the physical examination of the trauma patient.

Performed in the trauma room by properly trained and credentialed staff, it allows the timely diagnosis of potentially life-threatening haemorrhage and is a decision-making tool to help determine the need for transfer to the operating room, CT scanner or angiography suite.

Introduction

FAST

· Perihepatic

· Perisplenic

· Pelvis

· Pericardium 

Ultrasound was first utilised for the examination of trauma patients in the 1970s in Europe, where its qualities for being a noninvasive, rapid, safe, accurate and repeatable bedside assessment were first appreciated. It’s uptake in North America and the United Kingdom did not occur until the 1990s. Since that time a considerable body of data has been produced to support its use in the assessment of the trauma patient.

Focused Assessment with Sonography for Trauma (FAST) is a limited ultrasound examination directed solely at identifying the presence of free intraperitoneal or pericardial fluid. In the context of traumatic injury, free fluid is usually due to haemorrhage and contributes to the assessment of the circulation. 

Indications 
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.

Haemodynamic instability and free intra-peritoneal fluid mandates a laparotomy for intra-abdominal haemorrhage. In the presence of haemorrhagic shock but a negative FAST examination, other sites of haemorrhage must be sought and controlled. Serial FAST examinations may be required. Thoracic haemorrhage may require thoracotomy, pelvic haemorrhage angiographic embolisation. Retroperitoneal haemorrhage from vascular injury remains a possibility with a negative FAST.

Non-haemorrhagic shock is also a possibility. FAST can detect a pericardial collection causing cardiac tamponade, but profound hypoxia, tension pneumothorax and blunt myocardial injury must also be excluded. 

There is a significant false-negative rate for the FAST examination (see next page). This is in part due to the FAST examination being carried out early in the resuscitation phase - when only a small amount of free fluid may be visualised in the peritoneal cavity. Serial physical examination, repeat FAST examinations or Diagnostic Peritoneal Lavage (DPL) should be considered when there is on-going haemorrhagic shock despite an initially negative FAST.

Indeterminate FAST examinations do occur. Patients who are obese, or who have subcutaneous emphysema may have suboptimal, and therefore inconclusive, scans. In the haemodynamically unstable patient with an indeterminate scan, a judgement will have to be made based on mechanism of injury, clinical signs, injury pattern and phsyiological response. A diagnostic peritoneal lavage may be necessary to exclude intraperitoneal injury.

Haemodynamically stable patients

Ultrasound is also useful in haemodynamically stable patients where physical examination of the abdomen is inadequate or compromised. A negative FAST will exclude significant intraperitoneal fluid collections and can therefore be used as a screening tool. A negative examination is highly suggestive, but does not exclude, significant intra-abdominal injury. Hollow-organ injury may be missed on ultrasound examination if there has not been leakage of enough gut contents to detect free fluid. Retroperitoneal injuries are also difficult or impossible to detect with ultrasonography. 

If the FAST is positive or indeterminate, and the patient is haemodynamically stable a CT scan of the abdomen and pelvis is indicated.

How good is FAST? 
As a rapid, non-invasive, bedside test, ultrasound has singificant advantages over Diagnostic Peritoneal Lavage (DPL) and CT scanning for the evaluation of free intra-peritoneal fluid. The average time to perform a FAST in the hands of an experienced operator is 2-3 minutes.

Nevertheless there are signficant limitations to trauma ultrasonography which much be appreciated for ultrasound to be utilised correctly in the evaluation of these patients.

As a decision making tool for identifying the need for laparotomy in hypotensive patients (Systolic BP < 90), FAST has a sensitivity of 100%, specificity of 96% and negative predictive value of 100% (NPV). This is based on only 133 patients taken from 3 separate studies.

Ultrasound is less good at detecting solid organ injury with sensitivities ranging from 44 to 91% and negative predictive value of 0.72 to 0.99. 

Who should perform trauma ultrasonography?

As ultrasound becomes more widespread, conflicts have developed over who should be performing the ultrasonography. Radiologists, surgeons, and 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.

Competency in sonography requires a tutored credentialling process. The learning curve for FAST examination is fairly steep, and most are satisfactorily competent after 25 scans (20 negative, 5 positive). Some verification programmes require many more scans than this howvever, and upwards of 300 is necessary in some countries. Credentialling should include formal instruction on the principles and physics of ultrasound, skills stations, practice examinations for both negative and positive FASTs (peritoneal dialysis, ascites), and proctored instruction on the use of ultrasound in actual trauma resuscitations.

Thoracic Ultrasound 

Examination of the pericardium is part of the FAST examination, but ultrasound may also be used to detect haemothorax. More recently there have been some studies to show that it may be of use in detecting occult pneumothoraces.

Ultrasound is very sensitive at detecting haemothoraces, where a collection can be seen lying above the diaphragm:

Pneumothorax

Detection of a pneumothorax has been only recently described with a probe of higher frequency (7.5-10Mhz, linear) that examines movement of the pleural. During normal respiration, the visceral pleura slides against the parietal pleura and movement of the air/tissue interfaces is seen as comet-tail artefacts on ultrasound.

In the presence of a pneumothorax, there is loss of both lung sliding and comet-tail artefacts. Preliminary studies suggest that ultrasound can be very accurate in the detection of pneumothoraces. The case below illustrates a victim of blunt trauma with left sided pleuritic chest pain and dyspnoea but no evidence of pneumothorax on the plain chest X-ray. However ultrasound suggested the presence of a left sided pneumothorax, which was confirmed on a subsequent CT scan performed primarily to investigate the widened mediastinum.

The utility and application of thoracic ultrasound for pneumothorax has yet to be established.
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• Penetrating abdominal injury
The abdomen extends from the nipples to the groin crease anteriorly, and the tips of the scapulae to the gluteal skin crease inferiorly. Any penetrating injury to this area, or that may have traversed this volume, should be considered as a potential abdominal injury, and evaluated as such.
The incidence of penetrating injury will vary from hospital to hospital and region to region. Some institutions will have a very low incidence of penetrating trauma, and yet it is vital that penetrating injury is treated differently to blunt trauma. The mechanisms and physical characteristics of injury are different, as are the relevance and accuracy of investigations and the methods and timing of repair.
Priorities
Patients with significant penetrating abdominal injury tend to fall into 3 major categories:
1) Pulseless


Major vascular injury

Emergency laparotomy

Consider ED thoracotomy
2) Haemodynamically unstable

Vascular and/or solid organ injury

and/or

Haemorrhage from other sites
Identify & control haemorrhage
3) Haemodynamically Normal

Hollow viscus injury

Pancreas or renal


Identify presence of gastrointestinal, diaphragmatic or retroperitoneal injury
The appropriate investigations and management pathway vary with each of these clinical presentations. 
1) Pulseless
Patients who arrive without palpable pulses but with witnessed recent or current signs of life (eg. pulseless electrical activity) need immediate laparotomy in the operating room. The ability to transfer such a patient from the ambulance bay directly to the operating room and start the laparotomy within 5 minutes of arrival is vital if this is to have any chance of success. 
A second option is to perform a thoracotomy in the emergency department and cross-clamp the aorta. This is a poor second choice option as it does not arrest haemorrhage, delays laparotomy, and opens a second body cavity which will contribute to further heat and blood loss. This manoeuver has a very low functional survivor yield, and yet remains the only hope for salvage in this group of patients where immediate access to an operating room is not available. 
2) Haemodynamically Unstable

Patients with penetrating trauma who are haemodynamically unstable require immediate operation. ‘Haemodynamically unstable’ includes non-responders and transient-responders to initial small-volume fluid bolus administration. Patients should be taken immediately to the operating room, without further unnecessary investigations or interventions.

The only decision to be made in these patients is where is the bleeding and this which cavity to expose first. Where there is a stab or gunshot wound obviously involving the abdomen, the decision is simple, and the patient has a laparotomy.

If there is a question about the abdomen being the source of the bleeding, Diagnostic Peritoneal Lavage (DPL) or FAST scan is used to determine the presence of free intra-peritoneal fluid. For the DPL, a positive aspiration of frank blood, or lavage fluid with a high red cell count (>100,000/ml) is required to confirm the presence of major intraperitoneal haemorrhage.

The decision to perform a laparotomy may be complicated if:

· There are multiple stab wounds/gunshot wounds to multiple cavities.

· The wounds are at, or cross, junctional zones (eg. costal margin, groin or buttock wounds). 

· There is evidence or the possibility of cardiac tamponade

The diagnosis of massive haemothorax may be made clinically, with a FAST scan, chest tube or Chest X-ray, depending on the degree of shock present and the rapidity with which such tests can be performed. Cardiac tamponade may be diagnosed with FAST or in the operating room with a pericardial window.

It is more important to take the patient to the operating room and commence surgery than to make a definitive diagnosis. If a thoracic injury is suspected during a laparotomy a hemithorax can be explored through the diaphragm or a formal thoracotomy, and a tamponade explored through a pericardial window and sternotomy.

There should be no delay in trying to resuscitate the patient prior to surgery.

3) Haemodynamically Normal

Patients with clinical signs of peritonitis, or with evisceration of bowel should be taken immediately to the operating room.

Currently there are several possible options for the evaluation of penetrating abdominal trauma in the haemodynamically normal trauma patient without signs of peritonitis. Many of these patients will have some superficial tenderness around the wound site, but no signs of peritoneal inflammation. 

The goal of any algorithm for penetrating abdominal trauma should be to identify injuries requiring surgical repair, and avoid unnecessary laparotomy with its associated morbidity. 

Adjuncts the the initial evaluation of the trauma patient can provide clues to significant intra-peritoneal injury:

· Chest X-ray

An erect chest radiograph may identify sub-diaphragmatic air. This must be interpreted with some caution in the absence of peritonitis, as air may be entrained into the peritoneal cavity with a stab or gunshot wound. However it certainly signals peritoneal penetration and warrants further investigation.

· Nasogastric Tube

Blood drained from the stomach will identify gastric injury.

· Urinary catheter

Macroscopic haematuria indicates a renal or bladder injury. Microscopic injury suggests but is not pathognomonic of ureteric injury.

· Rectal examination

Rectal blood indicates a rectal or signmoid penetration. Protoscopy & sigmoidoscopy should be performed (see below)

Options for evaluation

Further evaluation requires the use of one or more of the following diagnostic modalities:

· Serial Physical Examination (PE)

· Local Wound Exploration (LWE)

· Diagnostic Peritoneal Lavage (DPL)

· Ultrasound (FAST)

· CT Scan

· Laparoscopy

· Laparotomy

These different methods, each discussed below, are by no means equal. The decision on which method, or combination of methods, to choose will depend primarily on hospital factors such as trauma patient load, access to in-patient beds, availability of in-house surgical teams, access to multislice CT scanners etc. Whichever decision tree is chosen should be accepted at a hospital-wide level. The practice should not change from surgeon to surgeon and day to day. The algorithm should be routinely audited for missed injuries, effectiveness and use of resources.

 
Serial Physicial Examination

Serial physical examination has the best sensitivity and negative predictive value of all modalities for the evaluation of penetrating abdominal trauma. 

The patient is admitted for observation for 24 hours. During this time the patient is has frequent (hourly), regluar checks of their haemodynamic status. The abdomen is examined routinely for signs of developing peritonitis. Ideally the same surgeon should examine the patient each time. If this is not possible, during a handover period both surgeons should examine the patient at the same time so they agree on the current status of the abdomen and whether there has been any progression in symptoms. The timing of examinations varies inthe literature, but should probably start out more frequently and then decrease over time. A suggested sequence of examination might be at 1, 4, 12 and 24 hours after the initial assessment. Some authors recommend examination every four hours.

If the patient develops signs of haemodynamic instability or peritonitis during this period of observation, a laparotomy is performed. If the patient is well the following day they start a normal diet, and are discharged once diet is tolerated and they have completed the observation period. 

Patients who do not develop frank peritonitis, but who have persistent local symptoms of pain and tenderness, with perhaps a fever or tachycardia at 24 hours should be evaluated by another modality: CT Scan, laparoscopy or laparotomy.

The disadvantages of serial physicial exam are primarily the requirement to admit all patients with a penetrating injury, and the requirement for frequent haemodynamic and physical examinations. This usually requires the patient to be in a high dependency type setting, and requires a body of in-house surgeons to perform the serial evaluations.

Local Wound Exploration

Local wound exploration (LWE) requires a formal evaluation of a stab wound under local anaesthesia. This procedure is usually performed in the operating room, but is performed in the emergency department by some institutions. The wound is extended under local anaesthesia and the track followed through tissue layers. 

Penetration of the anterior fascia is considered a positive LWE, as penetration of the peritoneum is difficult to identify. A positive LWE leads to either laparotomy or another diagnostic test such as DPL or laparoscopy.

When LWE is used alone to determine laparotomy, there will be a high non-therapeutic laparotomy rate. Even if the peritoneam is penetrated were used as a cut-off, many of these patients will have no intra-peritoneal injury, or an injury that does not require surgical intervention - most commonly omental laceration, mesenteric laceration or liver tears that have stopped bleeding.

Diagnostic Peritoneal Lavage

Diagnostic Peritoneal Lavage (DPL) involves passing a small catheter into the peritoneal cavity, usually at the umbilicus or just inferior to this. If blood can be aspirated through this catheter, this is referred to as a positive ‘tap’ or aspiration (DPA). If no blood can be aspirated a litre of warm crystalloid solution is run into the peritoneal cavity and then allowed to drain out. This lavage fluid is then sent to the laboratory for analysis of red cell count, white cell count and any bowel contents (faecal or food matter).

It is important to realise that the role of DPL in the haemodynamically stable patient is diffierent from that in the unstable patient. In the unstable patient the problem is one of major haemorrhage, and identifying the site of haemorrhage. DPL is used as an alternative to the FAST scan to identify intra-peritoneal haemorrhage (more often in blunt trauma). In the unstable patient one is searching for a lot of blood, so a positive DPL in this setting requires either a positive aspiration (DPA) or a high red-cell count (>100,000/ml).

The situation in penetrating abdominal trauma is very different. A haemodynamically unstable patient with an abdominal stab wound needs no further investigations and will proceed to laparotomy, as discussed above. So the role of DPL in the haemodynmically normal patient with penetrating abdominal injury is to identify hollow viscus injury (stomach, small bowel, colon) or diaphragmatic injury. 

If faecal or food matter is seen on microscopy this is diagnostic. However this is rarely the case - and a decision to proceed to laparotomy is usually based on the red cell count. By necessity this must be lower than that looking for gross haemorrhage, so the threshold for the red cell count is set somewhere between 5000/ml and 20,000/ml. The lower the threshold, the more sensitive the test, but the higher the non-therapeutic laparotomy rate. Contamination from the insertion site of the DPL can lead to false positive results. Some units also use a white cell count >500/ml as a positive result - this value is probably too low and 3000/ml isprobably a better threshold for gastrointestinal tract injury.

The primary disadvantages of DPL are that it is invasive, does not evaluate the retroperitoneum, and has a signficiant false positive rate.

FAST

The role of FAST in penetrating trauma has not been fully evaluated. While FAST is sensitive for pericardial fluid, it appears to have a high false negative rate for intra-abdominal injury. This may improve if serial FAST scans are performed. Ultrasound as yet cannot detect the small amounts of fluid which may be associated with a hollow viscus injury.

· A positive FAST indicates peritoneal penetration, but is poor at discriminating for injuries requiring intervention

· A negative FAST does not exclude significant abdominal injury.

It is therefore impossible to recommend FAST as the only investigation for the assessment of penetrating intra-abdominal injury. It MAY have a role in combination with other investigations.

CT Scan

As the technology has improved, CT scanning is finding more and more of a role in the evaluation of penetrating abdominal injury. Most studies recommend a multidectector (multislice) scanner with triple-contrast protocol (intravenous, oral and rectal), although it is not clear how important the GI contrast is for the detection of bowel injury. Of all the diagnostic modalities listed, CT gives the best assessment of retroperitoneal structures.

The CT features of penetrating bowel injury are:

· Signs of peritoneal violation 

· Free intra-peritoneal air

· Free intra-peritoneal fluid

· Wound track extending through peritoneum

  

· Signs of bowel injury 

· Wound track extending to bowel wall

· Bowel wall defect

· Bowel wall thickening

· Intra-luminal contrast leak

· (not free intra-peritoneal air - may have been entrained through peritoneal wall)

  

· Other signs of intra-peritoneal injury 

· Intravenous contrast extravasation

· Diaphragmatic tear (especially on re-formats)

The use of CT for penetrating intra-abdominal injury remains in its infancy, and not all CT scanners have the resolution or software capabilities necessary to achieve the sensitivity and specificity rates quoted in the literature. Interpretation of the scans is also difficult and requires multiple passes on different ‘window’ settings by a trained and experienced trauma radiologist.

Laparoscopy

Laparoscopy is also a technology somewhat in its infancy, and remains very user dependent. A full trauma laparoscopy for the evaluation of penetrating injury requires general anaesthesia and complete examination of intra-peritoneal contents, including visualisation of the whole small bowel and intra-peritoneal colon. In most studies laparoscopy has a significant false negative, primarily from missed bowel injuries. Laparoscopy is also limited in the evaluation of retroperitoneal injury.

Laparoscopy is the diagnostic method of choice for the diagnosis of suspected diaphragmatic injury. Many diaphragmatic lacerations can alse be repaired via the laparoscope. 

Laparoscopy may also have a role in patients who have localised tenderness or develop a white cell count or fever without generalised peritonitis after a period of clinical observation. Laparoscopy may be useful to confirm that a wound is tangential and does not enter the peritoneal cavity - although many of the methods above have advantages over laparoscopy for this indication.

Laparotomy

Exploratory laparotomy for all penetrating abdominal wounds still has a role in resource-limited environments, or occasionally in cases of multi-cavitary injuries. For most situations however the non-therapeutic laparotomy rate will be unacceptable high. With the incidence of complications with a negative laparotomy at of 12%-41%, with hospital stays of 4-8 days, , it is difficult to support such a strategy where adjunctive methods such as CT or DPL are available and serial physicial examination has such a low missed injury rate. 

Recommended approaches

Which diagnostic tree a hospital chooses for the evaluation of penetrating injury will be dependent on numerous factors, including trauma patient load, surgical team availability and coverage, the availability of multidetector CT scanners and trauma radiologists, and access to the operating room and critical care beds.

Many different systems are used around the world. The following recommendations are in order of preference and are by no means the only possibilities. Each choice is associated with the caveats listed above.

1.
Serial physical examination

2.
Multidetector CT

3.
Local Wound Exploration AND either: 

  

· Diagnostic Peritoneal Lavage OR

· Laparoscopy

 

  

Wounds to thoracoabdominal junction zone
Thoracoabdominal injuries need to be evluated for diaphragmatic injury. Where there is evidence of thoracic and abdominal injury there must, by definition, be an injury to the diaphragm. For example, if there is a right pneumothorax and a liver laceration, the diaphragm must also be torn.
R haemothorax from

R lower chest stab

· liver injury

= diaphragm injury 
If the evidence for this is less clear, but diaphragm injury is still suspected, the options are ultrasound, MRI, CT or laparoscopy/thoracoscopy. All radiological studies may miss small diaphragmatic tears, and so laparoscopy / thoracoscopy remains the investigation of choice. Laparoscopy is preferred for left sided injuries, thoracoscopy or laparoscopy for right sided injuries. Diaphragmatic lacerations may also be repaired through a laparoscopic or laparoscope-assisted approach. 
Flank or back wound
Flank or back wounds may be associated with injuries to retroperitoneal organs such as the colon, kidney and lumbar vessels - or more rarely the pancreas, aorta and inferior vena cava. Of these, the colon is the injury most often missed. Where colon injury is a possibility, the duration of serial physical examination is extended to 72 ours, watching for fever or a rise in the white cell count. An alternative is to perform a triple-contrast CT scan. Where the wound track extends up to the colon, or there is evidence of abnormal bowel wall thickening, laparotomy is indicated.
Wound to buttock or perineum
The most dangerous missed injury here is the occult rectal injury. Any penetrating injury to the gluteal region carries the risk of rectal injury. Digital rectal examination is inadequate and full proctoscopy and sigmoidoscopy should be performed, looking for the presence of blood and/or a mucosal tear.
References
• Renal Trauma

Dr. Craig Seidman M.D. 

Renal trauma is present in approximately 10% of all abdominal injuries 
90% of renal trauma is due to blunt injury. 

Major renal trauma is more often associated with penetrating trauma than with blunt trauma (40% vs 15%). 
Adopt a high level of suspicion for renal injuries in patients with major blunt abdominal trauma, and those with penetrating flank and back wounds. 


 

Initial Evaluation 

Blunt Trauma 

Results warranting further radiological investigation : 

· Gross haematuria

· Microscopic haematuria and shock

Imaging patients with gross haematuria alone can miss two thirds of renal injuries. 

Using the above criteria, a study of 1588 patients missed only 3 minor injuries (as determined by CT scan) 


  

Penetrating Trauma 

Image all suspected injuries 

There is no correlation between the degree of haematuria and the extent of the injury. 

· 14% of major injuries have no haematuria

· 10% of minor injuries have no haematuria

 

Intravenous Urography 

· 90% accurracy under best of conditions

· Poor study in hypotensive patients

· Poor grading study

· Does not evaluate retroperitoneum

· One shot study may be important in unstable patients to identify a contralateral functioning kidney.

Computed Tomography 

· Gold standard

· Delineates grade of  injury

· Shows infarcted segments of kidney

· Images whole abdomen and retroperitoneum

· Not appropriate for haemodynamically unstable patients

  

Angiography 

· Delineates vascular injury

· Where CT equivocal or unavailable

· Invasive

Grading 

Classified according to the Organ Injury Scaling (OIS) Committee Scale
Minor


I 


Contusion
Microscopic or gross haematuria,  Urological studies normal

Haematoma
Subcapsular, nonexapnding without parenchymal laceration.

II 


Haematoma
Nonexapnding perirenal haematoma confined to renal retroperitoneum.

Laceration
<1cm parenchymal depth of renal cortex without urinary extravasation.
Major


III 

Laceration
>1cm depth of renal cortex, without  collecting system rupture or urinary extravasation

IV 


Laceration
Parenchymal laceration extending through the renal cortex, medulla and collecting system.

Vascular
Main renal artery or vein injury with  contained haemorrhage.

V 


Laceration
Completely shattered kidney. 

Vascular
 Avulsion of renal hilum which devascularizes kidney.


 

Management 

Goals of management : 

· minimize morbidity & mortality

· preserve renal function

Surgical vs Non-operative management: 

Most grade I - IV injuries can be treated conservatively, thus avoiding unnecessary surgery. 

Surgery is indicated for : 

· Vascular (renal pedicle) injury

· Shattered kidney

· Expanding or pulsatile haematoma

· Shocked polytrauma patient

Relative indications for surgery include : 

· A devitalized renal segment in the presence of other abdominal injuries

· Persistent extravasation

· Loculated collections

· Incomplete grading (CT or angiography)

9% of kidney injuries will require surgical exploration, and of these there is on average an 11% nephrectomy rate. 

Most nephrectomies are for haemorrhage, and 61% of nephrectomies are for renovascular injury. 

Patients underggoing nephrectomy tend to be more severely injured. 

 
 

Surgical Technique   

· Midline laparotomy

· Gain proximal control

· Debride

· Ligate bleeding vessels

· Repair collecting system

· Close capsule or use omental graft

· Retroperitoneal drainage 

Conclusions
Proximal control of the renal artery and vein before mobilisation of the colon and opening of Gerota’s fascia results in an increased rate of renal salvage and hence lower nephrectomy rate.  On the left, the vessels can be exposed through the posterior peritoneum, by dividing it vertically between the inferior mesenteric vein and the fourth part of the duodenum.  The renal vein and artery can then be identified an controlled with vessel loops.  On the right side, it is often easier to control the renal vein and artery after mobilisation of the colon. 

If bleeding occurs on mobilisation of the colon or opening of perinephric fascia, atraumatic vascular clamps may be placed on the renal artery and vein.  Warm ischaemia is poorly tolerated, and acute tubular necrosis develops after 20 minutes, though this is usually transient. 

Partial nephrectomy is often possible.  Preserving the capsule of the kidney if possible, devitalised tissue is debrided and bleeders controlled with diathermy or suture.  The collecting system is closed with a running absorbable suture.  Alternatively, pledgeted matress sutures may be placed across the capsule.  If possible the capsule is closed, or an omental flap closed over the defect. 

Nephrectomy is inidicated in the shattered kidney or renal pedicle injury in an unstable patient.  The pedicle vessels are ligated separately, to avoid later arteriovenous fistula formation.  The ureter is tied and kidney removed. 

Retroperitoneal drainage is necessary post partial or total nephrectomy.  This should not be in contact with the renal collecting system.  If the collecting system has been reparied, a nephrostomy tube and/or double-J stent should be placed.  Injuries to other abdominal organs should be drained separately. 

• VASCULAR TRAUMA
  
•Penetrating Neck Injury
Karim Brohi, trauma.org 7:6, June 2002
Airway Injury

Priority, as usual, is to assessing and securing a potentially obstructed airway. Injury to the larynx and trachea is fairly uncommon in stab wounds to the neck, though they are at significant risk in gunshot wounds that traverse the midline.

Immediate airway compromise is suggested by respiratory distress and stridor, with abnormal see-saw motion of the chest wall and abdomen as the patient tries to generate a negative intra-thoracic pressure against the obstruction. Complete obstruction will require an immediate surgical cricothyroidotomy, or tracheostomy if the cricoid area is involved in the injury site.

Injuries to the trachea may present with hoarseness and dysphonia, haemoptysis and subcutaneous emphysema. Laryngeal injuries may have associated crepitus following fracture/dislocation of the laryngeal cartilages. The only indication of an airway injury may be subcutaneous emphysema on the lateral neck radiograph.

The original, apparently benign, nature of an airway injury may lead to subsequent complete obstruction with progression of oedema and haemorrhage. Patients must be monitored closely in a critical care environment. Early or even prophylactic intubation of the trachea may be employed, especially if the patient is to be moved to less safe environments, such as the angiography suite. Unnecessary interventions which may precipitate airway compromise, such as placement of a nasogastric trube should also be avoided until the airway has been secured. 

Diagnosis is confirmed by direct or flexible largyngoscopy and tracheoscopy. Again, these manoeuvers may lead to complete airway obstruction and should be performed in the appropriate environment, with personnel and equipment capable of performing an emergent intubation or a surgical airway as necessary. 

Vascular Injury

Patients with uncontrollable haemorrhage, expanding haematomas or who are in shock need immediate haemorrhage control. Usually this will mean transfer of the patient to the operating room. However, where interventional radiology is immediately available, angiography may be invaluable in temporary or definitive control of haemorrhage.

There should be no delay in attempting to fluid resuscitate the patient. This will only result in increased haemorrhage, continued cooling and coagulopathy (See Damage Control). Large-bore venous access should be gained and blood sent for rapid cross-match. No other investigations are required at this stage. If there is time, a chest X-ray is useful to determine if there is intra-thoracic penetration. 

Patients without overt shock or haemorrhage should have their management determined by the site of the injury and the results of physical examination.

The neck is usually divided anatomically into three zones, and management of a vascular injury will be different depending on the site of the injury.

Zone 1

Extends from the clavicles to the cricoid cartilage.

It includes the subclavian and innominate vessels, the common carotids and lower vertebral arteries and the jugular veins.

Zone 2

Extends from the cricoid cartilage to the angle of the mandible.

It includes the common carotid, carotid bifurcation, the vertebral arteries and the jugular veins.

Zone 3

Extends from the angle of the mandible to the mastoid process.

It contains the branches of the external carotid artery, the internal carotid artery, vertebral artery and the internal jugular and facial veins.

Zone 1 Vascular Injury

Patients who are in profound shock or who are exsanguinating from the neck wound should go directly to the operating room for haemorrhage control. It may be possible to achieve temporary control by inserting a urinary (Foley) catheter into the wound track and inflating the balloon within the track. Gentle traction may help with this manoeuver. 

Vascular control of vessels in Zone 1 can be difficult. Which operative approach is used will depend on the site of vascular injury and this may not be clear from the site of the stab or gunshot wound. If immediately available, angiography is very useful in determining the site of the injury and hence planning the surgical approach.

This angiogram shows a patient who was stabbed in Zone 1 of the left neck, and shows an injury to the first part of the left subclavian artery. Proximal control of this injury requires entry into the thoracic cavity.

Angiography may also be used to achieve proximal control of such injuries. Fogarty balloon catheters or angioplasty balloons can be placed either proximal to or across the site of an injury to achieve control. During subsequent operation, the balloon may be felt by the surgeon, and location of the injured vessel in the surrounding haematoma is made easier. The patient below has an subclavian arterio-venous fistula due to a Zone 1 stab injury. An angioplasty balloon was placed across the site of the injury and the patient transferred to the operating room for definitive repair. 

Patients who are not exsanguinating should have a careful physical examination. If there is no expanding haematoma, and no distal vascular deficit, patients may be observed in a critical care area. The brachial plexus is closely related to the vascular structures in the root of the neck, and neurological deficits may be a marker for a vascular injury. Potential vascular injuries should be investigated with angiography.

Zone 2 Vascular Injury

Patients who are in profound shock or who are exsanguinating from the neck wound should go directly to the operating room for haemorrhage control. Patients who have an evolving stroke should also undergo immediate exploration. There is little to be gained from angiography with Zone 2 neck injuries. Surgical exploration and control is fairly standard for most injuries to the vessels in this region. The patient below had a stab injury to the left common carotid artery, which was repaired with a vein patch.

Patients who are not exsanguinating and do not have an evolving stroke. should have a careful physical examination. If there is no expanding haematoma, no shock and no evolving stroke, patients may be observed in a critical care area. Although angiography will exclude a significant vascular injury, physcial examination has been shown to be as accurate in the assessment of Zone 2 injuries. Soft signs such as proximity injuries, non-expanding haematomas and a history of haemorrhage are not indications for angiography or surgery.

Zone 3 Vascular Injury

Patients who are in profound shock or who are exsanguinating from the neck wound require immediate haemorrhage control. In Zone 3 injuries significant haemorrhage is most likely to stem from injuries to branches of the external carotid artery. These can be very difficult to control, and may require dislocation or osteomotomy of the mandible to achieve access. Where possible therefore, angiography and embolisation is the modality of choice for delineating and controlling the vascular injury, even in the haemodynamically unstable patient. Where angiography is not available, surgical intervention will be necessary.

Patients with an evolving stroke will also require immediate exploration for internal carotid artery injury. Otherwise non-operative management is as for Zone 2 injuries. In the absence of hard signs of vascular injury, the patient may be observed in a critical care area.

Vertebral Artery

Vertebral artery injuries are more difficult to diagnose and treat. Stab wounds to the posterior neck that are bleeding extensively are likely to involve the vertebral artery. There may be evidence of a hemi-cord (Brown-Sequard) lesion on neurological examination. Many vertebral injuries are asymptomatic and require no intervention - these can be managed non-operatively. Exsanguination is usually best controlled by angiography and embolisation, although back bleeding from the basilar artery may continue. There is also the potential for distal embolisation, and the efficacy of the dual-balloon angiographic technique has not been fully assessed. Operative control of the vertebral artery as it courses through the vertebral foramina can be exceedingly difficult. 

Oesophageal Injury

Oesophageal and pharyngeal injuries may be difficult to diagnose, but the morbidity and mortality of missed oesophageal injuries is high. Oesophageal injury should be suspected in all patients with penetrating neck trauma, and especially where there is a gunshot wound traversing the midline.

Patients may complain of pain on swallowing (odynophagia) or haemoptysis/haematemesis. A lateral neck radiograph should be obtained, which may show prevertebral soft tissue swelling or subcutaneous emphysema.

The presence of subcutaneous emphysema, in the absence of a pneumothorax, is an indication for surgical exploration. Otherwise, further investigation will be necessary when there is suspicion of a pharyneal or oesophageal injury. Oesophagoscopy and gastrograffin swallow are both employed. Each modality alone has a sensitivity of around 80-90%, while combined they have a sensitivity of approximatly 95%. With the advent of new multislice helical CT scanners, the sensitivity of CT for assessing oesophaegal injury may improve to a point where CT may become the primary investigation. However there is not enough evidence to advocate this approach as yet.

Patients without physical or radiographic signs of oesophageal injury may be observed in a critical care area.

Nerve & Spinal Cord Injury

Neural structures at risk in the neck include the lower cranial nerves, brachial plexus, phrenic nerve as well as the spinal cord itself. A detailed neurological examination must be carried out as physical signs may be subtle. Many nerves run with vascular structures, and a nerve injury may have an associated vascular injury.

Spinal column & spinal cord

Penetrating injuries to the neck do not require spinal immobilisation. Stab injuries are not associated with spinal instability. Gunshot wounds may rarely lead to an unstable spine, but these are invariable associated with complete cord transection.

Spinal nerve roots are more commonly injured than the cord itself. Spinal cord laceration itself usually manifests as a partial Brown-Sequard syndrome. This manifests as ipsilateral loss of motor, proprioceptive and vibratory functions, with contralateral loss of pain and temperature sensation. However the neurological findings are rarely as clear-cut as in the classic description of the syndrome.

Brachial plexus

Brachial plexus injuries are fairly common and a detailed examination of limb neurology is essential. Again, there may be an associated vascular injury and angiography should be undertaken when there is a neurological deficit.

Cranial nerves

The lower branches of the facial nerve and the hypoglossal nerve are at risk in upper cervical lesions. Injury to the vagus is often only found at operation, but may manifest as hoarseness due to recurrent laryngeal nerve involvement. 

Management of Penetrating Neck Injury 

Non-operative management of penetrating neck injury has become increasingly accepted over the past decade, as numerous studies have shown the efficacy of physical examination and clinical observation. However, non-operative strategies are labour intensive and require close nursing and medical observations in a critical care environment. Use of adjuncts such as angiography and oesophagoscopy increase the resource usage and costs. Environments where such facilities are not available will inevitably rely on surgical exploration to exclude significant injury.
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The management protocols above currently do not encompass the use of the CT scanner. As physical examination is so reliable for penetrating neck injury, CT scanning has a limited place in the assessment of these injuries. However, as the diagnostic reliability of CT improves, especially with the advent of multisclice helical CT scanning, CT may replace the diagnostic role of angiography, endoscopy and contrast radiology. However there is not enough evidence of the efficacy of CT to recommend it at this stage. CT may currently have a role in evaluating the unconscious patient, and in stable gunshot wounds of the neck to assess the path of the bullet track.

 
• Extraperitoneal Approach to the Iliac Vessels

Karim Brohi, trauma.org 7:12, December 2002
Introduction 

This approach is useful for access to the external iliac vessels, internal iliac origin and the common iliac vessels. It may be extended higher, essentially as an extraperitoneal approach to the aorta, inferior vena cava & kidneys. However, a midline laparotomy approach is usually more appropriate for adequate exposure and control of these proximal vessels. 

The following images were taken of a patient with thrombosis and possible intimal injury of the external iliac artery following angiography for pelvic trauma. Initially the puncture site was explored as a routine exposure of the common femoral artery.

Technique

A vertical incision is made over the mid-point of the inguinal ligament (over the femoral pulse, if there is one). The inguinal ligament is an important landmark here. A common mistake is to make the incision too low, at the level of the groin crease, rather than at the inguinal ligament.

The incision is carried downwards, opening the femoral sheath to expose the femoral artery. The loose adventitia around the artery is divided and the artery exposed along it’s length.

At this point it was clear that more proximal exposure would be needed, and the incision was extended to the extraperioneal ‘hockey-stick’ incision.

The incision is extended proximally, and curved laterally if the incision extends above the iliac crest.

Dissection is continued downwards to the external oblique. The aponeurosis and abdominal wall musculature are divided in line with the incision, lateral to the internal ring, avoiding cord structures.

There is a rather troublesome vein just beneath the inguinal ligament. Ideally it’s better to ligate this before you cut it!

The peritoneum and its contents are swept medially to expose the iliac vessels. These can be controlled with slings by passing a curved (Lahey) forceps around the vessel from medial to lateral. The iliac veins are closely related to the arteries and care must be taken not to damage them during this manoeuver. The image below shows control of the common iliac (white), internal iliac artery (orange), and common femoral (orange) arteries. The blue sling is around the ureter.

• Peripheral Vascular Trauma

Karim Brohi, trauma.org 7:3, March 2002
Introduction 

Vascular injury has two main consequences - haemorrhage and ischaemia. Or, in the words of an anonymous Czech surgeon, “Bloody vascular trauma - it’s either bleeding too much or it’s not bleeding enough”. 

Vascular Trauma Basics 

Unrecognised and uncontrolled haemorrhage can rapidly lead to the demise of the trauma patient. Unrecognised and untreated ischaemia can lead to limb loss, stroke, bowel necrosis and multiple organ failure. The aim of this article is to highlight the fundamentals of vascular trauma and provide an approach to the diagnosis and management of vascular injury.

Arterial and venous structures are most commonly injured by penetrating trauma, with a much higher incidence in gunshot wounds than for stab injury. Blunt trauma also carries a significant vascular injury rate, and iatrogenic vascular injuries are increasing with radiological and minimal access procedures becoming more commonplace.

Pathophysiology

Haemorrhage is the prime consequence of vascular injury. Bleeding may be obvious, with visible arterial haemorrhage, or it may be concealed. Classically, concealed arterial haemorrhage may be in the chest, abdomen and pelvis. Haemorrhage may also be concealed in the soft tissues of the buttock and thigh, and blood from facial fractures may be swallowed and remain unnoticed.

Ischaemia results from an acute interruption of flow of blood to a limb or organ. Oxygen supply is inadequate to meet demand and anaerobic metabolism takes over, producing lactic acidosis and activating cellular and humoural inflammatory pathways. If the arterial supply is not re-established in time, cell death occurs. 

Skeletal muscle can be rendered ischaemic for 3-6 hours and still recover function. Peripheral nerves are more sensitive to ischaemia, and prolonged neurological deficit may result from relatively short periods of tissue ischaemia. 

If arterial supply is restored to ischaemia tissue, the sudden release of inflammatory mediators, lactic acid, potassium and other intracellular material into the circulation can cause profound myocardial depression, generalised vasodilatation and initiate a systemic inflammatory response. 

Patterns of Vascular Injury

Laceration, with either complete or incomplete transection of the vessel, is the most common form of vascular injury. Haemorrhage tends to be more severe in partially transected vessels, as complete transection results in retraction and vasoconstriction of the vessel, limiting or even arresting arterial haemorrhage.

Gunshot internal iliac artery.

Blunt trauma injures vessels by crushing, distraction or shearing. This results in contusion to the vessel, which may extend for some distance along its length. An intimal flap may be formed which will lead to thrombosis or dissection and subsequent rupture. Thrombosis may propagate for some distance down the vessel, or embolise to produce more distal effects.

Arterial haemorrhage may continue within a contained haematoma, leading to a pulsatile mass of clot - a pseudoaneurysm. Commonly, distal flow is preserved with false aneurysm formation, and diagnosis may be difficult. These are at risk of rupture if undiagnosed - and often present late after the initial injury is forgotten.

Pseudoaneurysm, tibioperoneal trunk.

If there is an injury to an adjacent vein as well as to the artery, an arterio-venous fistula may form, which may subsequently lead to rupture or cardiovascular compromise. Arteriovenous fistulae also commonly present some time after the initial injury.

Spasm as a unique entity is never the result of trauma, and should not be assumed to be the cause of limb ischaemia. Spasm is spelled C-L-O-T!

Diagnosis

The diagnosis of significant vascular injury rests almost entirely in the physical examination. An absence of hard signs of vascular injury virtually excludes the presence of vascular trauma. In contrast, the presence of hard signs mandates immediate action.

Hard signs of Vascular Injury

· Pulsatile bleeding

· Expanding haematoma

· Absent distal pulses

· Cold, pale limb 

· Palpable thrill

· Audible bruit

The presence of hard signs of vascular injury mandates immediate operative intervention. Usually the site of injury is obvious, and angiography is unnecessary. If in doubt, angiography can be performed emergently on the operating room table. Unnecessary interventions and investigations should be avoided to minimise the delay to definitive care.

So-called ‘soft signs’ of vascular injury are peripheral nerve deficit, history of moderate haemorrhage at scene, a reduced but palpable pulse or an injury in proximity to a major artery. Investigation or exploration of patients with soft signs alone is not warranted. Patients should be admitted and observed for 24 hours. Development of hard signs is rare, but mandates treatment as above. 

High-velocity weapons, multiple fragment injuries and blunt trauma can make diagnosis less obvious, and angiography can be used to locate, or exclude, an injury.

Diagnostic Adjuncts

Pulse Oximetry

A reduction in oximeter readings from one limb, as compared to another is suggestive of, but neither confirms nor excludes a significant vascular injury. It is thereful essentially an unhelpful test.

Doppler Ultrasound

The diagnosis of a significant (ie. requiring intervention) vascular injury has been shown to be related to the presence or absence of a palpable pulse. The presence of a doppler signal in a pulseless limb only gives a false sense of security and does not imply a less severe or less urgent injury pattern.

A diminished, but palpable pulse is a soft sign of vascular injury. Similarly, a reduction in the anle-brachial pressure index (ABPI) in the presence of a palpable pulse does not indicate the presence of a vascular injury requiring intervention. Doppler ultrasound is therefore adds little to careful clinical examination.

Duplex Ultrasound

Duplex imaging is a non-invasive examination combining B-mode and Doppler ultrasound. It requires an experienced operator and is more operator-dependent. Duplex can detect intimal tears, thrombosis, false aneurysms and arteriovenous fistulae. Its place in the assessment of vascular injury is as yet not completely definded, but it has a high sensitivity and may be appropriate for use as a screening tool. 

Angiography

Angiography remains the gold-standard investigation for the further investigation and delineation of vascular injury. In most traumatic injury settings, angiography is best performed in the operating room, with the surgeon exposing the vessel proximal to the injury for control and expediency. Transfer to the radiology suite should be restricted to haemodynamically stable patients eith proximal or torso injuries. Angiography may be used to treat certain selected injuries, and where expertise and technical facilities are available. Proximal control may be possible with an angioplasty catheter prior to transfer to the operating room.

Management

The priorities of vascular injury are arrest of haemorrhage and restoration of normal circulation. 

Airway control and respiratory assessment take priority over management of the circulation, but these can often be achieved in tandem when there is a trauma team in attendance.

Immediate Haemorrhage Control

Immediate control is usually achievable by direct pressure over the site of injury. This pressure does not need to be great (Systolic blood pressure is around 100mmHg), but it does need to be directed over the site of haemorrhage. Large bandages and pads applied overwounds, with more and more bandaging applied as the bandages soak with blood, is not controlling haemorrhage! It is better to dedicaton one individual to manually compress the site of haemorrhage.

Where haemorrhage is welling up from a deep knif or gunshot track, control may be temporarily achieved by passing a urinary catheter into the track as far as possible, inflating the balloon, and then applying traction to the catheter. The catheter can be sutured in place if the patient is to be transferred to another department or hospital.

If angiography is performed prior to surgery, it may be possible to obtain proximal control by passing an angioplasty balloon catheter into the proximal vessel and inflating the balloon. This can also aid dissection of the vessel at operation, as the angioplasty balloon is easily palpable within the haematoma. The radiology suite should not be used for proximal control alone - this is more appropriately performed surgically in the operating room.

Blind clamping in the depths of a wound is dangerous, likely to fail, and likely to injure other structures.

Volume resuscitation

There are two phases in the resuscitation of patients with vascular injuries - before and after haemorrhage control. Prior to haemorrhage control, minimal fluids should be administered. Raising the blood pressure will increase haemorrhage from the vessel injury and dislodge any clot that has already formed. The patient cools as more cold fluids are administered. Clotting factors are used up and diluted, and the patients become coagulopathic. Shock worsens, heat production is impaired and clotting enzyme activity is attenuated.

The priority in this phase is operative control of haemorrhage and there should be no delay in transferring the patient. Systolic blood pressure can be maintained at a level that is appropriate for perfusion of the brain. If the patient is talking and orientated, the blood pressure is adequate, regardless of actual value. For unconscious patients, a sysolic of 60-70mmHg is adequate in the absence of significant brain injury. No inotropes should be given to the hypovolaemic patient as this will effectively deplete myocardial tissue oxygen and increase myocardial work in the absence of adequate preload. These patients are already maximally vasoconstricted.

Large bore venous access is necessary however, and there should be at least two sites of access to the circulation, appropriate for giving warmed fluids rapidly. Once haemorrhage control is achieved, there is a phase of aggressive volume resuscitation to restore circulating blood volume. Warmed fluids -crystalloid, blood or clotting factors as necessary -are administered to correct acidosis, hypothermia and coagulopathy, and to restore perfusion rapidly to shut-down organ systems. This should help to prevent the subsequent development of a systemic inflammatory response and its consequences.

Operative Strategy

The patient is positioned on the operating table to allow on-table angiography of the affected region and distal perfusion. The entire affected limb is prepped and draped, as well as proximal structures if control has to be gained more proximally. The hand or foot is prepped so that intra-operative assessment of distal perfusion is possible. An entire uninjured limb should also be prepped so that a vein graft can be harvested as required. Often the person applying manual compression at a bleeding site will have to be temporarily prepped into the operative field until scrubbed personnel can take over.

The basic principle of vascular repair is to gain proximal and distal control of the relevant vessel before investigating the site of injury. Direct exploration of a wound that is actively bleeding will inevitably lead to failure to control the haemorrhage and collateral damage to neighbouring structures. Proximal control is best achieved through a separate incision away from the site of injury. Distal control similarly is best achieved via a second incision. Once proximal and distal control is achieved, the site of injury can be explored and control made closer to the injury site. It may be tempting to directly explore a wound that is not actively bleeding. However, profuse haemorrhage can rapidly obscure the operative field once clot is dislodged from around the site of vascular injury.

Control is best achieved with slings passed twice around the vessel. If vascular clamps are used they should be applied with the minimum force necessary to obstruct flow, not racked closed causing vessel wall damage. Do not attempt to encircle the aorta or iliac arteries for risk of damage to lumbar arteries or iliac veins. 

Once the vessel injury is identified, a decision on repair technique must be made. This will depend on the extent of damage to the vessel. The first step is therefore debridement of devitalised tissue and definition of the edges of the wound. Next an assessment of inflow and outflow is made. If it is inadequate, a balloon (Fogarty) catheter is passed proximally and distally to extract any thrombus. Following extraction, heparinized saline is instilled proximally and distally to locally antcoagulate the vessel.

Small, clean, transverse wounds to vessels that involve only part of the circumference can be repaired with a direct suture technique. A vein (or synthetic) patch may be required where there is a larger defect in the vessel wall where direct sutuing may lead to narrowing of the vessel lumen. While vein grafts probably have a longer patency, the graft infection rates are the same for both vein and synthetic grafts, regardless of wound contamination.

Vein patch to carotid artery

The ends of a transected artery usually retract. If the ends can be approximated without tension, a direct end-to-end anastomosis repair can be employed. Mobilisation of the two ends may be necessary, and aided by division of minor arterial branches.

End-to-end anastomosis of transected popliteal artery.

Where approximation of the vessels is not possible, a reversed vein graft, or synthetic graft is used to repair the defect. If there is a concomitant vein injury, this should usually be repaired first, if possible to avoid low-flow thrombosis of the arterial repair.

Reversed vein graft to transected common femoral artery.

Intra-operative angiography

Intra-operative angiography is indicated if the location of the vascular injury is unknown, if distal perfusion is inadequate after a vascular repair is completed, or at the end of a procedure for completion angiography.

To perform an angiogram, proximal control is attained. This prevents flushing away of contrast and makes timing of injection much easier. A small arteriotomy is made to allow the introduction of an 18 guage catheter. A 50/50 dilution of intravenous contrast is used. An initial scout film can be taken, and then 20 to 50 mls of contrast solution injected rapidly, and the arteriogram film obtained. A delay of 10 to 15 seconds should be used where distal vessels are being imaged. If there is any doubt about the timing of the image, a second film can be taken. Fluoroscopy and digital subtraction angiography avoid many of the pitfalls associated with plain film radiographjy in the operating room.

• Damage Control

The principles of damage control surgery can be applied to vascular trauma. The basic damage control techniques are ligation and shunting.

Ligation

There are very few vessels that cannot be ligated in extremis, at varying risk to life and limb. The common and external carotid, subclavian, axillary, internal iliac can be ligated with few consequences. Ligation of the internal carotid artery carries a 10-20% risk of stroke. Ligation of the exteral iliac artery, common femoral or superficial femoral have a signficant risk of critical limb ischaemia following ligation. Ischaemia is more likely if there is significant soft tissue injury and distruction of supporting collateral circulation. Arteries of the celiac axis can be ligated but ligation of the superior or inferior mesenteric artery will almost inevitably lead to gut necrosis in the young trauma patient. 

Almost all veins, including the inferior vena cava, can be ligated where necessary, with the consequence of lower limb oedema. Ligation of the portal vein is possible but bowel oedema with massive ‘third-space’ fluid losses will ensue.. 

Shunting

Where there is a significant risk of limb loss, stroke, gut ischaemia or other serios consequence of ligation, intraluminal shunts may be employed to temporarily restore flow. While specific vascular shunts are available, shunts can be rapidly constructed out of sterile intravenous tubing or chest tubes for larger calibre vessels. Ensure that shunts are secured in place so that they do not become dislodged during transfer to the intensive care unit or during nursing procedures.

Where there is a vascular injury associated with a fracture, and there is a risk of orthopaedic manoeuvers disrupting an arterial repair, shunts may be employed to temporarily restore flow to an injured limb. Definitive repair is then carried out after fracture fixation. Shunts may also be used while assessing an amputated limb for its viability for reimplantation.

Compartment syndrome

Prolonged interruprion of blood flow to a limb leads to cellular ischaemia, actibvation of cellular and humoral inflammatory responses and alterations in vascular permeability. Subsequent reperfusion of the limb leads to generalised tissue oedema. When this occurs in a limited, enclosed space - such as the fascial compartments of the lower limb, the pressure in the compartment may rise above capillary and venous pressure and cause vascular stasis, cellular ischaemia and death.

The pressure in the compartments is rarely above arterial pressure and distal pulses are preserved. If the patient is awake, there is intense, disporoportionate pain in the limb, worsened by passive flexion of the muscle groups. Many patients are unconscious, have spinal cord injury or epidural anaesthesia. In this case the early, reversible signs of compartment syndrome may be lost and diagnosis relies on a high index of suspicion and measurement of compartment pressures. Values over 30mmHg are diagnostic of compartment syndrome.

Prevention is better than cure and the aphorism ‘If you think about doing a fasciotomy, you should do one’ probably still holds true. Fasciotomy is best performed at the time of initial surgery, rather than as a subsequent procedure for a second episode of limb ischaemia. Compartment syndrome is not confined to the distal lower extremity and can occur in the thigh, buttock and forearm.
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OPEN (COMPOUND) FRACTURE
• Open (compound) Fractures

Classification

-Gustilo+Anderson

I - low energy / <1cm wound

II – medium energy / >1 cm (flap/avulsion)

III – high energy / > 10 cm / barnyard

a. adequate soft tissue coverage

b. massive soft tissue destruction, bone exposed / no soft tissue cover

c. vascular injury needing repair

Urgent. Try to operate within 6 hrs (study by Khatod et al. Journal of Trauma 2003; 55:949-954), better if within < 2hrs, i.e., rapid debridement and pulsed saline lavage (e.g. 8 l) reduces the bacterial load (emergent surgery reduces time for m/o’s to multiply).

Medical treatment:

Tetanus 

Antibiotics


Ex. Cefazolin ( add gentamycin for grade II and III fractures)


Continue for 48 – 72 hrs

Commonest m/o’s staph aureus/acinetobacter/enterobacter faecalis/pseudomonas

Fracture stabilization


External fixation


Intramedullary nail


Plate and screw

Wound left open 

delayed primary closure

skin graft

flap closure

• CLASSIC CASES
• Aortocaval fistula following stab injury
Karim Brohi

London, England
Case Presentation

A 30 year old man with a stab wound to the right flank initially presented to another hospital. Haemodynamically unstable on admission he was taken directly to the operating room for laparotomy at which timehe was found to have a liaceration to the liver and the inferior vena cava (IVC). The liver injury was not bleeding and the anterior wall of the IVC was repaired. The haaemorrhage was controlled and the abdomen left open to avoid abdominal compartment syndrome. The patient was transferred to a tertiary centre for on-going care. On arrival a CT scan was performed:
An aortocaval fistula was apparent - the IVC is disrupted and there are areas of enhancement with a similar density to that of the aorta. There was a large left sided retroperitoneal haematoma with active haemorrhage within its substance. An angiogram was performed which demonstrated the aortocaval fistula and active haemorrhage.
The patient was taken back for a laparotomy. While the anterior wall of the IVC had been repaired there was also a large injury to the posterior IVC with laceration of the lumbar veins. The Posterior wall of the aorta was also disrupted with avulsion of two lumbar arteries. The aorta was controlled below the renals and the iliacs controlled distally. The IVC was exposed by completing a medial visceral rotation and controlled with direct pressure. There was significant bleeding from the lumbar veins. As a damage control procedure the IVC was ligated and the lumbar veins clipped. The posterior wall of the aorta was repaired and the lumbars transfixed. The abdomen was left open.
Left sided retroperitoneal haematoma
Ligated IVC (between tapes)
Discussion
Post-traumatic arterio-venous fistula is somewhat of a misnomer. There is an injury to both artery and vein, surrounded by a haematoma. Blood leaking from the arterial injury follows the path of least resistance and flows into the vein. There is no defined track as in chronic conditions. The clinical course of this patient highlights the importance of following the injury track along its entire length and carefully examining the posterior wall of injured structures to identify through-and-through injuries. 
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• Tension Haemothorax
Karim Brohi

London, England
Case Presentation

A 31 year old man is transferred from another hospital following a kick to the left chest. Initial chest X-ray showed a large haemothorax. 
The patient was taken to the CT scanner, by which time the whole chest had filled with blood and there was radiological evidence of tension.
CTs show a left hemithorax full of blood, with the lung compressed down to a very small volume. The heart, trachea and mediastinal structures are shifted to the right. By this time the patient was in respiratory distress with a respiratory rate of 40 with shallow, painful respiration. Pulse was 105 and blood pressure 110/60. 
A left sided chest drain was placed and the patient transferred to our institution. Over the next 12 hours the patient drained 4000mls of venous blood from the left chest, but the patient remained haemodynamically stable. The bleeding slowed and stopped. Thoracoscopic washout was performed to evacuate approximately 1000mls of retained clot on day 3 and the patient was discharged home on day 7.
Discussion
Massive haemothorax is a well-recognised condition and may often produce radiological evidence of tension. Aprat from tracheal & mediastinal deviation, the other signs are not present. The affected hemithorax is dull to percussion and there is no distension of neck veins or raised jugular venous pressure due to the hypovolaemic state.
This patient should have had a chest drain placed following the initial chest X-ray. While most venous bleeding will stop eventually there is no credence to the myth that the build-up of tension in the left chest will tamponade the bleeding - as evidenced by the dramatic collapse of the left lung and shift of the mediastinum visible on the CT scan. There is little indication for a CT scan in the emergent management of this patient, though a scan of the abdomen did rule out associated splenic trauma.
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• Angiographic Coiling for Pelvic Haemorrhage
Karim Brohi

London, England
Case Presentation

A 47 year old man is brought to the trauma centre having had a wall collapse on him. On arrival he is fully conscious and has a pulse rate of 115 and blood pressure of 110/70. There are obvious abrasions over his abdomen and pelvis. Pelvis X-ray shows a complex lateral compression injury with iliac fracture. A pelvic belt was applied, though this did not improve the patient’s haemodynamic status.
FAST ultrasound examination revealed a small amount of free fluid in the peritoneal cavity. A CT scan showed a small (Grade 1) liver tear. The lateral compression pelvic injury is complicated by a contralateral sacral fracture. There is evidence of active haemorrhage (contrast blush) in the pudendal and gluteal regions.
The small amount of fluid in the peritoneal cavity with minor liver tear was not thought to be responsible for the persistent tachycardia. The patient was transferred to the angiography suite. Angiography showed free haemorrhage from the pudendal artery (not shown) and complete cut off of the anterior division of the internal iliac artery. The pudendal vessel was embolised with gelfoam, and the transeted vessel was coiled. The patient rapidly stabilised haemodynamically and was transferred to a critical care area for further monitoring.
Discussion
Patients with unstable pelvic fractures arriving in the emergency department in shock are likely to have an arterial injury. Failure to respond to non-invasive pelvic stabilisation is another marker of on-going pelvic haemorrhage. Once significant intra-peritoneal bleeding has been excluded angiography is the modality of choice to arrest pelvic haemorrhage.
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• Trauma Tertiary Surveys

What, Why, When, How & Who:

Detecting Missed Injuries in the Multiply-Injured Patient
Trauma patients present a unique challenge to the healthcare team as life-threatening injuries must be rapidly identified and treated with consideration given to clinical presentation, mechanism of injury, age, co-morbid factors and pre-existing medical conditions (1). Often, these patients are uncooperative or unresponsive and are unable to furnish valuable event and medical history data. The American College of Surgeons developed the Advanced Trauma Life Support (ATLS) course to evaluate the trauma patient with a systematic approach that utilizes primary and secondary surveys to ensure that all injuries are identified. However, not all injuries are detected by these two surveys. In fact, between 2 to 50% of combined life threatening and non-life threatening injuries are missed (2). Centers that examined the incidence of missed injuries concur that patients who sustain blunt trauma have a higher rate of missed injuries than those who sustain penetrating trauma (3). As a result, a tertiary trauma survey (TTS) is increasingly being implemented to avoid missed injuries. 

“What” is the TTS?

The tertiary trauma survey is defined by the ACS as a patient evaluation that identifies and catalogues all injuries after the initial resuscitation and operative intervention (4). The timing of this survey is institution specific, but typically occurs within twenty four hours after admission and is repeated when the patient is awake, responsive, and able to communicate any complaints. The tertiary trauma survey is a comprehensive review of the medical record with emphasis on the mechanism of injury and pertinent co-morbid factors such as age. It includes the repetition of the primary and secondary surveys, a review of all laboratory data, and a review of radiographic studies with an attending radiologist (2). Any new physical findings require further studies to rule out missed injuries.

“When” & “How” should the TTS be performed?

Overall, the evidence suggests further longitudinal prospective studies are needed to identify the appropriate timing of the tertiary trauma survey. However, current practice is to perform the TTS within 24 hours of admission and also prior to discharge to reassess identified injuries, to confirm suspected injuries, and to identify occult injuries (4). After this complete review of the patient’s medical record and when all injuries are identified a comprehensive care plan is developed. At San Francisco General Hospital the standardized TTS is performed by the Trauma Nurse Practitioners on Critical Care admissions within 24 hours and repeated prior to discharge. For patients admitted to the Ward, a TTS is performed prior to discharge. 

The physical assessment is a complete “head to toe” evaluation with a focus on mechanism of injury. All radiographic imaging and laboratory value trends are then reviewed. If a new injury is suspected then further studies are obtained. A standardized worksheet that becomes part of the patient’s hospital record is completed to catalogue all injuries.

Download the TTS form in Adobe PDF or Microsoft Word formats

“Why” perform a Tertiary Survey?

Systematic re-evaluation of the multiply-injured trauma patient with the tertiary trauma survey revealed missed injuries that had the potential to be a clinically significant factor on patient morbidity and mortality (4). Furthermore, these studies agreed that to understand the etiology of missed injuries and to appreciate the significance of early detection improved morbidity and mortality in this patient population. The incidence of missed injuries ranged from 9% to 65% of admitted blunt trauma patients in these studies (2,5). The most frequently missed injuries in these studies were extremity and pelvic fractures, spinal cord and head injuries, and abdominal and nerve injuries, ranging from 28% to 85% of detected injuries. 

Several factors have been identified as delaying the identification of injuries during the initial evaluation in the emergency department. These primary contributing factors included an altered level of consciousness from a closed head injury, alcohol or drug intoxication, use of sedation and paralytic agents for intubation, and hemodynamic instability that required emergent operative evaluation (5). Neighboring or “distracting” injuries and delayed transfer or presentation to a trauma center have also been associated with delayed diagnoses (1). 

System factors also contribute to the missed injury rate - inadequate clinical assessments and radiology errors being the most commonly cited (6). Biffl, Harrington, & Cioffi (2003) furthered these claims and demonstrated that clinically significant missed injuries were detected within 24 hours of admission with Implementation of standardized tertiary trauma surveys has been shown to significantly reduced this delayed and missed injury rate (7).

“Who” should perform the Tertiary Survey?

Formal tertiary trauma surveys are performed by a myriad of providers who have included bedside critical care nurses, nurse practitioners and physicians. The literature recommends that a multiply-injured patient be evaluated with serial examinations by a provider with advanced skills. This approach provides care continuity and detects subtle changes that may indicate missed injuries and their sequelae (1). 

Further investigation is needed to determine the most appropriate person to perform this evaluation. A designated trauma team member should have advanced assessment skills, provide consistent and frequent evaluations of the multiply-injured patient and be able to review laboratory findings and diagnostic studies with a radiologist (2). This role is ideally suited for a trauma nurse practitioner (TNP). As a member of the trauma team, they utilize their technical skills and experience to provide consistent, competent, and comprehensive care to the multiply-injured trauma patient. Since the TNP is an integral part of the process, they are well-positioned to detect subtle changes that may indicate an evolving injury. Moreover, consultations and interventions may be expedited; resulting in a potential decreased morbidity and mortality as well as hospital length of stay (4).

The importance of a singular, knowledgeable individual to coordinate and to perform this role is likely to be a significant benefit to the multiply-injured patient. The TNP can provide the expertise and continuity of care required to perform advanced serial assessments to avoid undiagnosed, potentially life-threatening injuries.

Food for Thought: Gaps in the Literature.

A comprehensive treatment plan be developed and implemented only after the nature and severity of all injuries have been determined (4). The tertiary survey allows the cataloging of all new injuries and the re-evaluation of known injuries. Performing and documenting the tertiary survey also promotes communication and interaction between the surgical specialties, the critical care unit and the radiology department. Deficits in collaboration and communication between medical teams may hinder the timely identification and appropriate treatment of injuries. As a result, patient outcomes may be compromised (4). Similarly, a formal review of the diagnostic imaging studies by an attending radiologist is necessary to achieve “loop closure”.

Very few of the studies mentioned identified the team member(s) who performed the tertiary trauma surveys or non-standardized reassessments. A designated team member to perform serial evaluations is ideal to detect subtle changes that occur with an “evolving” injury and to provide continuity prior to discharge to the ward or to home from the hospital. 

The completion of the TTS within twenty-four hours for severely injured patients with ISS>15 is an arbitrary standard, yet most studies accept this as appropriate. However, there is no data to substantiate this time interval, or this injury severity, as the foundation for the ideal trauma tertiary survey. This is an area that warrants further investigation. 

The standardized use of the primary and secondary trauma surveys by pre-hospital, emergency departments, and trauma team members is routine in many countries. However, the TTS has not been standardized by organizations like the American College of Surgeons (ACS). They recommend and support the re-evaluation of the multiply-injured trauma patient, but fail to develop clear, standardized criteria. As a result, internal validity challenges arise and make it difficult to compare similar studies to determine the efficacy of the TTS (8).

Potential contributing factors to missed injuries such as a high volume and acutely ill patient admissions to the hospital, a decreased number of surgical residents available and nurse staffing shortages were not addressed in any of the studies. However, more clinically significant missed injuries have been identified as occurring in nighttime blunt trauma patients than during the daytime (2). This observation may have been related to assessment errors by junior house staff.

The literature reviewed provided strong evidence that morbidity and mortality may decrease with a re-evaluation of the multiply-injured blunt trauma patient for re-evaluation of suspected injuries, and identification of occult injuries by serial re-examinations and review of (or additional) diagnostic studies. Completion of a formal tertiary trauma survey (TTS) would strengthen the plan of care to maximize the patient’s outcome. The communication chain can be strengthened by using a standardized TTS assessment form to provide clear and ongoing documentation of injury identification and diagnostic results. As a result, the Trauma Nurse Practitioner would be instrumental in ensuring a plan of care has been set with the trauma and consulting teams to minimize the consequences of missed injuries.
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