THE ROYAL COLLEGE
[// OF SURGEONS OF
EDINBURGH

The pre-hospital management of life-threatening
chest injuries: a consensus statement

Caroline Leech, Keith Porter, Richard Steyn, Colville Laird, Imogen Virgo, Richard Bowman, & David Cooper

Chest injuries continue to be significant contributors to death from major trauma and are difficult to diagnose
accurately in the pre-hospital environment. The incidence of life-threatening chest injuries is relatively small.
Personal communication with the Trauma Audit Research Network provided figures for the frequency of
chest injury diagnoses in UK major trauma patients reported to the database 2005 - September 2013 (see
Table 1).

Frequency in 183 232 major trauma patients

Tension pneumothorax 1in 250 (0.4%)
Open pneumothorax 1in 10 000 (0.01%)
Massive haemothorax 1in 1000 (0.1%)
Flail chest (includes >3 rib fractures) 1in 50 (2.2%)
Cardiac tamponade 1in 1250 (0.08%)

Table 1: Frequency of chest injuries in UK major trauma patients submitted to TARN

“The pre-hospital management of chest injury: a consensus statement” was published by the Faculty of Pre-
hospital Care, Royal College of Surgeons of Edinburgh in 2007.% Since then new evidence has been published
and adaptations have been made in pre-hospital management. To update the pre-existing guideline, a
consensus meeting of stakeholders was held by the Faculty of Pre-hospital Care at Coventry in November
2013. A literature review was carried out prior to the consensus meeting, to inform the discussion process.
Where no evidence existed, the practitioners discussed best practice based on expert opinion.

This paper provides a guideline for the pre-hospital management of patients with the life-threatening chest
injuries of tension pneumothorax, open pneumothorax, massive haemothorax, flail chest (including multiple
rib fractures), and cardiac tamponade.

General Management

High-flow oxygen should be commenced with a reservoir mask for all patients who have sustained major
trauma. A target oxygen saturation range of 94-98% should be maintained. 2

The optimal position for gas exchange is sitting up, or lying with the healthy lung down.>® This is unlikely to
be possible in the case of patients who are hypovolaemic, in whom spinal fractures cannot be excluded,
where lung injury has caused airway bleeding, or for practical reasons of safety during transfer.

Early effective analgesia is essential for patients with a moderate or severe pain score. Pain from rib
fractures or wounds will contribute to respiratory insufficiency and effective pain relief may obviate the
need for invasive pre-hospital thoracic interventions.
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Tension Pneumothorax

Making a diagnosis of tension pneumothorax in a spontaneously breathing trauma patient can be difficult.
Decompensation is generally more progressive. Common features include universal symptoms of chest pain
and respiratory distress, with tachycardia and ipsilateral decreased air entry found in 50-75% of cases. Signs
such as hyper-resonance and tracheal deviation are rare.’

Tension pneumothorax is more likely to occur in positive pressure ventilation.® Ventilated patients usually
have a rapid presentation with hypotension, tachycardia, falling oxygen saturation, falling cardiac output and
increased inflation pressures that can lead to cardiac arrest if not identified quickly 7.

Ultrasound can be used as an adjunct to diagnose pneumothorax following chest trauma. It has been shown
to be more accurate than conventional chest radiographs >° but is operator dependent and may produce
false negative results. It must be used as part of a Standard Operating Procedure in an organisation with
robust clinical governance and should not delay the treatment of life-threatening chest injuries.

Needle Decompression

Needle decompression should be carried out in any patient with a suspected tension pneumothorax
showing signs of decompensation (hypoxia, cardiovascular compromise with loss of radial pulse, and/or
reduced conscious level) 1. There is considerable risk of iatrogenic pneumothorax if misdiagnosis occurs
and decompression is performed. Complication rates range from 0-11% with anatomical misplacement
being the main factor #1¢,

The first choice of site is the 2" intercostal space (below the 2™ rib) in the mid-clavicular line (Figure 1).
Studies have shown there is a low accuracy in correct anatomical placement 17 and therefore practitioners
must be familiar with the landmarks.

Clavicle extends laterally from
the sternum to the acromion
in the shoulder joint

Sternal angle at
manubriosternal joint.
2" intercostal cartilage
articulates at this point

Site of needle decompression:
2" intercostal space
mid-clavicular line

Site for Thoracostomy:
5% intercostal space, just
anterior to the mid-axillary line
(or higher)

Figure 1: Surface anatomy used to identify sites for needle decompression and thoracostomy
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In the UK a standard 14G 4.5c¢cm long cannula is commonly used to perform needle decompression. A
number of studies have shown that the mean chest wall thickness at the 2" intercostal space mid-clavicular
line ranges from 3.06cm — 5.36cm and that a cannula of 4.5cm would fail to reach the pleural space in 4-
100% of patients 1228,

The cannula may also fail to decompress the tension pneumothorax due to obstruction by blood, tissue or
kinking. If there is no obvious air release on initial insertion a cannula should be inserted into the chest
attached to a syringe and flushed with 2ml of air or water. Other causes of failure include a localized tension
pneumothorax in the patient with pre-existing lung disease 2, or a large air leak in which the air collects in
the pleural space quicker than can be drained by the narrow bore of the cannula *.

Needle decompression using a lateral approach (just anterior to the mid-axillary line) has been suggested as
potentially more efficacious than the conventional anterior approach. Two studies showed that lateral chest
wall thickness was thinner than that anteriorly, and four studies showed that the lateral chest wall thickness
was greater than that anteriorly?%25 3134,

Needle decompression should initially be performed in the 2" intercostal space in the mid-clavicular line. In
the presence of a presumed tension pneumothorax, with no clinical improvement, a 2" attempt may be
made with a 14G cannula in the 5" intercostal space just anterior to the mid-axillary line (Figure 2). It must
be remembered that when the patient’s arms are elevated above their head the chest wall thickness may be
thinner laterally, but the patient cannot be transported in this position. A cannula placed in the lateral site
will be more prone to kinking when the arms are adducted by the patient’s side. There is also a potential
increased risk of iatrogenic injury in the lateral site and therefore practitioners must undergo training to
identify the correct landmarks.

Over recent years, commercial products with MHRA approval such as the ThoraQuik device, have undergone
testing with encouraging results 3 3%, These devices may be preferable to the 14G 4.5cm cannula (which
does not have MRHA approval) but are still early in clinical use. The landmarks for insertion are the same.

Open thoracostomy

Surgical incision and decompression of the pleural space with a thoracostomy is an effective method to treat
tension pneumothorax3”°, It is diagnostic by the digital palpation of a deflated lung, which should re-inflate
following decompression. Open thoracostomy may also be used to relieve severe surgical emphysema
constricting respiration that may develop following a severe crush injury to the chest.

Open thoracostomy should not be first line treatment for suspected tension pneumothorax in self-ventilating
patients. Needle decompression with an approved device should be used first. If this fails, open thoracostomy
can be considered and then followed by a chest drain (Figure 2). Pre-hospital insertion of a chest drain should
be avoided where possible due to prolongation of on-scene time; risks of kinking, blocking or falling out
during transfers; and long-term infection risks with non-sterile insertion techniques. It is accepted that chest
drain insertion will be necessary in some circumstances eg high-altitude aero-medical retrieval.

An open thoracostomy may be first-line treatment and can be left open for patients undergoing positive
pressure ventilation (Figure 3). In positively pressure ventilated patients, who may have pronounced air leaks,
it is potentially unsafe to cover an open thoracostomy with a commercial chest seal due to a risk of the seal
blocking and the development of a tension pneumothorax.

If the patient’s condition deteriorates, the thoracostomy should be reassessed and the tract re-opened with

a clean, gloved finger to ensure patency. Packaging of the patient needs to avoid blockage of the
thoracostomy holes by the patient’s arms.
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SLOWER onset
Chest pain
Respiratory distress
(tachycardia and ipsilateral decreased air
entry found in 50-75 % of cases)

Needle decompression
1%t attempt: 2" ICS MCL

Needle decompression
2" attempt: consider lateral approach
(5™ ICS just anterior to MAL)

‘ If a Level 6 Practitioner

Thoracostomy and chest drain insertion

Figure 2: Flow Chart for Treatment of Tension Pneumothorax in a spontaneously breathing patient.

RAPID onset
Hypotension, tachycardia,
falling oxygen saturation,
falling cardiac output &
increased inflation pressures

Level 5 Practitioner ‘ ‘ Level 6 + Practitioner

Thoracostomy (repeat
finger sweep if clinical
deterioration)

Needle

decompression

Figure 3: Flow Chart for Treatment of Tension Pneumothorax in a positively ventilated patient.
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Procedure for thoracostomy

e The patient’s arm is abducted and the 5% intercostal space identified just anterior to the mid-axillary
line (see Figure 1). The site should be higher where landmarks are difficult (eg obese patients) or for
pregnant patients who have a raised diaphragm. The practitioner should also confirm that the
defined site is well within the ‘safe triangle’ (bordered by the anterior border of the latissimus dorsi,
the lateral border of the pectoralis major muscle, and a line superior to the horizontal level of the
nipple.

e The chest is cleaned with chloraprep® swabstick (or equivalent)

e Just anterior to the mid axillary line, local anaesthetic is infiltrated into the skin, subcutaneous tissue,
down to the pleura and surrounding area (this step is not required in traumatic cardiac arrest)

e A3-5cmtransverse incision is made over the line of the 5% rib. Beware that the neurovascular bundle
runs along the lower border of the rib

e Atubulartrackis continued through the intercostal muscles using blunt dissection down to the pleura

e The operatortheninserts a finger along the track into the pleural cavity and sweeps around the space
to detect the presence of any adhesions or bowel (in case of ruptured diaphragm) and whether the
lung is inflated or deflated. It may also be possible to palpate the heart in a left thoracostomy to
ascertain whether the heart is well filled or the presence of cardiac tamponade.

The complication rate of pre-hospital thoracostomy is not insignificant and estimated at 10-15% %8, It is
imperative that any organisation performing pre-hospital thoracostomy has a standard operating procedure
for the indications and technique, and all practitioners receive appropriate training. Pre-hospital
organisations should develop robust methods of feedback with hospitals to enable audit of complication
rates.

There is no hard evidence for the prophylactic use of antibiotics for pre-hospital thoracostomy, although
studies do exist looking at hospital tube thoracostomy #-3. The British Thoracic Society guidelines
recommend that antibiotic prophylaxis should be considered for trauma patients, especially after penetrating
trauma, requiring chest drains®*. Consensus opinion was that prophylactic antibiotics should be considered
for pre-hospital thoracostomy, especially in cases of penetrating chest trauma, or with transport times >3
hours.

There is no published evidence regarding the use of pre-hospital thoracostomies to insert emergency
department chest drains versus a new incision in sterile conditions. The consensus view was to use the
existing thoracostomy hole to place the intercostal drain, and to cover with intravenous antibiotics. Further
incisions have the potential to cause more morbidity and are not justified. In the case of penetrating chest
wall injury drains must not be inserted into the wound, even if this is at the appropriate anatomical site.

Open pneumothorax

Open pneumothorax is rare, with only 31 cases reported to TARN in an eight year period to 2013. This
reflects the fact that in most cases of penetrating chest trauma, the tissues around the wound will self-seal.
Diagnosis of an open pneumothorax is based on the clinical finding of a wound on the chest wall that is
‘sucking’ air and visibly bubbling, with evidence of an underlying pneumothorax. All practitioners should be
able to recognise a tension pneumothorax, as a complication of open pneumothorax, or as a result of the
treatment.

Treatment recommendations

The use of a three-sided first aid dressing is no longer deemed to be effective. >®°
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The initial priority is to occlude the chest wound with a commercial chest seal. The majority of open
pneumothoraces will not require any further treatment in the pre-hospital environment. Vented chest seals
have been shown to be effective at preventing the development of a tension pneumothorax®® and are
preferable to an unvented chest seal. Even a vented chest seal may become unvented due to occlusion
with blood. If a chest seal is not available, the wound should be completely covered with a thin dry
adherent dressing.

If the patient develops signs of a tension pneumothorax following the application of a chest seal or
dressing, then the seal or dressing should be immediately removed. If there is no improvement then needle
decompression or thoracostomy should be performed as per the guidelines for tension pneumothorax. In
some cases the wound will be completely occluded with a chest seal due to the position of the patient (eg a
posterior wound with the patient supine). Consideration should be made as to the ideal transport position
for the patient to allow removal of the dressing if required.

Rapid sequence induction and positive pressure ventilation will need to be considered for large open
pneumothoraces with respiratory failure.

Prophylactic intravenous antibiotics should be administered for all cases of penetrating chest injury, where
available.*”-3% 5758 Co-amoxiclav 1.2g is a suitable choice (or Gentamicin for Penicillin-allergic patients).

Massive haemothorax

The diagnosis of massive haemothorax may be made in the pre-hospital environment by the following
means:

e C(linical signs of haemothorax with hypovolaemia

e Exsanguination from a thoracostomy or chest drain performed for suspected tension
pneumothorax

e Found at emergency thoracotomy for traumatic cardiac arrest from penetrating trauma

The clinical signs of massive haemothorax will be very difficult to differentiate from a tension
pneumothorax in the pre-hospital setting. Examination of the chest may reveal tachypnoea, reduced chest
expansion, dullness to percussion, reduced air entry, reduced vocal resonance, and hypoxia. Circulatory
shock will normally become apparent before respiratory compromise.

Treatment recommendations

Pre-hospital drainage of a massive haemothorax may be deleterious, by the mechanism of dislodging clots
and promoting further internal thoracic haemorrhage, and should not routinely be performed. #>>°

If respiratory compromise is absent (tachypnoea, hypoxia) drainage of a haemothorax should be delayed
until arrival at an Emergency Department where blood products, cell salvage, and cardiothoracic surgery
are available. Where tension pneumothorax cannot be excluded, pre-hospital thoracostomy or chest drain
insertion will need to be performed as per the Tension Pneumothorax guidelines above.

If a thoracostomy reveals a significant haemorrhage from the thoracic cavity, a chest drain may be useful
(to monitor the amount of ongoing blood loss and diagnose a massive haemothorax) but should not
prolong on-scene time. Clamping a pre-hospital chest drain for exsanguinating haemothorax may be
considered but is extremely high risk due to the likelihood of an underlying pneumo-haemothorax being
present and the risk of accumulating a tension pneumothorax.
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Pre-hospital cell salvage is not currently used in the UK but should be considered immediately on arrival to
hospital.

As in all cases of internal haemorrhage, patients should be handled with minimal movements (including no
log-roll) to minimise clot disruption.®°

A loading dose of Tranexamic acid should be administered as soon as possible, and within three hours of
injury.®!

Fluid resuscitation should be administered according to existing principles of permissive hypotension,
titrating 250ml boluses to maintain a systolic blood pressure of 90mmHg.%2

Flail Chest

The signs of flail chest may include pain on inspiration causing shallow breathing or a reduced inspiratory
effort; tenderness of the chest wall; palpable crepitus of displaced rib fractures; deformity of the chest wall;
or an underlying lung injury. Pulmonary contusion, pneumothorax or haemothorax may all co-exist with
flail chest. &

Paradoxical movement may not be seen in the pre-hospital assessment due to the position of the patient
and compensation by involuntary splinting of the intercostal muscles. Pain and the underlying lung injury

(rather than paradoxical movement) are the cause of respiratory compromise following blunt chest trauma.
64

Identifying that the patient has multiple rib fractures (> three) may be more important for management
and triage decisions rather than specifically diagnosing a flail segment.®3

Treatment recommendations

There is no evidence that manual splinting of a flail segment using a hand or device will improve respiratory
function and it may impair ventilation.® An awake patient without respiratory compromise may find
holding their fractured ribs with a hand helpful to manage pain during respiration. Deliberate positioning of
the patient lying on an anterior or lateral flail segment is not feasible in transport or during spinal
immobilisation. Where possible, sitting the patient up, may be beneficial to respiratory function. 3®

Analgesia is critical in the early management of rib fractures. 8 A pain score should be performed early and
repeated at frequent intervals. Analgesic agents such as intravenous Paracetamol, Morphine or Fentanyl,
Ketamine or intranasal Diamorphine should all be considered depending on availability and expertise.
Entonox cannot be recommended as approximately one third of patients with >3 rib fractures have an
underlying pneumothorax (personal communication TARN).

Intubation and mechanical ventilation are not obligatory for flail chest in the absence of respiratory failure.
65-71

Risk factors for a poor outcome following rib fractures includes age 65 years or more, three or more rib
fractures, bilateral flail chest, chronic lung disease, co-existent underlying lung injury, pre-injury
anticoagulant use, BMI >25, and oxygen saturation <90% in the Emergency Department.’? The presence of
these factors may upgrade the triage decision to a trauma centre with cardiothoracic cover.
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Cardiac Tamponade

There are no reliable pre-hospital signs or symptoms for cardiac tamponade. A high index of suspicion is
based on the mechanism of penetrating injury and is confirmed by the presence of deterioration.

Patients with penetrating chest injuries should be transported as soon as possible, with minimal
intervention, to the nearest Major Trauma Centre. The presence of normal vital signs should not reassure
the practitioner or delay transfer’>. Performing RSI in patients who have cardiac tamponade as a suspected
diagnosis may precipitate circulatory collapse and should be avoided where possible.

There is no evidence for pre-hospital pericardiocentesis. The technique is difficult and associated with
cardiac injury. It is unlikely that the clotted pericardial blood can be aspirated by a needle, and this
technique does not stop continued bleeding from the ventricle into the pericardial sac. 7

Pre-hospital clam-shell thoracotomy should be considered as a ‘Resuscitative Thoracotomy’: an integral
part of the life-saving resuscitation of a penetrating trauma patient.

The indications for thoracotomy are:

e Stab wounds to the chest or upper abdomen

e Cardiac arrest with loss of vital signs < 15 minutes

e The suspected injury is suitable for temporary repair and control

e A chain of survival exists for definitive management following Resuscitative Thoracotomy

The contra-indications to pre-hospital thoracotomy for chest trauma are:

e Cardiac arrest secondary to blunt trauma

e Cardiac arrest secondary to gunshot wound”
e Loss of vital signs >15mins’®7®

e Unskilled practitioner

The use of ultrasound is still unproven in determining the need for pre-hospital thoracotomy, but there are
some pre-hospital systems that use ultrasound in the diagnosis of pericardial effusions for blunt trauma
patients’”’. Pre-hospital ultrasound may be useful in the non-arrested patient or the blunt trauma patient
with suspected tamponade.

The technique of resuscitative thoracotomy is comprehensively described by Wise, et al. 7 Pre-hospital
thoracotomy should only be performed by a skilled practitioner, within a system of training, continued
education, audit and governance. The concept of the untrained practitioner undertaking the procedure is
unethical. All cases of pre-hospital thoracotomy should automatically trigger network audit and review
procedures.

If the pre-hospital team do not have the skills to perform a thoracotomy for a patient in cardiac arrest, they
should move to the hospital immediately. If a more advanced practitioner is responding to scene it may be
prudent to rendezvous on route to or at hospital.

The risks of a resuscitative thoracotomy should not be underestimated and include blood borne

infections®; sharp injuries; and Post Traumatic Stress Disorder for emergency services personnel and
bystanders.
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Conclusion

This consensus statement forms an update to the 2007 FPHC guideline on the management of life-
threatening chest injuries. It is intended that the document will be updated in the future to reflect ongoing
developments in evidence and clinical practice.
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