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Aims
Describe the key interventions in the management of life threatening chest injuries



Finger thoracostomy & chest drain insertion



Resuscitative thoracotomy



Referral process to thoracic surgeons

Pictorial descriptions of chest drain insertion and resuscitative thoracotomy can be
found in Annex A and B respectively. Annex C highlights the process for thoracic
surgeon referral and Annex D gives a flowchart overview of the insertion and
management of chest drains.
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Background
A patient with multiple injuries (including the chest) should have their airway secured prior to
performing any chest procedures in order to optimise oxygenation and ventilation. Concurrent volume
resuscitation (with blood products) may be needed to prevent deterioration in a hypovolaemic patient’s
physiological state with positive pressure ventilation.
Identification of a significant chest injury relies upon information obtained from the mechanism of
injury, patient’s physiology, clinical signs and radiological evidence. Primary survey assessment
should focus on the symmetry of chest wall movements, signs of external injury and air entry.
Percussion has poor diagnostic accuracy and tracheal deviation is a late sign of a tension
pneumothorax. In the presence of abnormal physiology a supine chest x-ray (CXR) may help, but will
miss “occult” anterior pneumothoraces in a third of cases. Transthoracic ultrasound (USS) has higher
diagnostic accuracy compared to a supine CXR. USS is operator dependant and should only be
performed in the presence of chest injury and not delay transfer to CT if the patient has normal
physiology. CT remains the gold standard investigation.

Needle decompression versus finger thoracostomy & chest drain insertion?
Needle decompression (in the 2nd intercostal space, midclavicular line) is ineffective at decompressing
the chest in 40-60% of cases. Even if correctly sited the cannula will often kink, occlude or dislodge.
Needle decompression should only be carried out on the rare occasion when a tension pneumothorax
is suspected and equipment is not immediately available for finger thoracostomy. Finger
thoracostomy followed by chest drain insertion is the intervention of choice in the majority of
cases.

Indications for finger thoracostomy & chest drain insertion


Clinical evidence of tension pneumothorax



Clinical or USS or CXR evidence of traumatic pneumothorax in an intubated and ventilated
patient (it is reasonable to observe small pneumothoraces detected on CT, to avoid unnecessary
drainage, unless the patient is to be transferred by air)



Critical hypovolaemia (SBP <90 mmHg) and/or low SpO2 associated with chest injury



Clinical or USS or CXR evidence of haemothorax (having established resuscitation)



Cardiac arrest secondary to trauma (bilateral decompression)

NOTE: A simple pneumothorax can rapidly progress to a tension pneumothorax on the application of
positive pressure ventilation, indicated by unexplained hypoxia or hypotension, asymmetry of chest
movements and high peak airway pressures. A right main bronchus intubation can be misinterpreted
as a pneumothorax. The endotracheal tube (ETT) position should be checked prior to decompression
of the chest.
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Procedure for chest drain insertion
The procedure is a 2-stage approach:
1. The rapid decompression of the chest with a finger thoracostomy (should be achieved within 90
seconds of confirming ETT position)
2. The careful placement of a chest drain in the appropriate position
Finger thoracostomy consists of the following basic steps:






Preparation & Positioning
Incision
Blunt dissection
Finger sweep

If chest drain insertion is indicated the above steps are followed by:




Chest drain insertion
Chest drain securing

Finger thoracostomy
Preparation & Positioning (Annex A, figures 1-4)
Equipment required includes sterile gloves and gown, 2% chlorhexidine and gauze, large scalpel (i.e.
size 22) and Spencer Wells forceps (8”).
Full monitoring must be applied (as per Association of Anaesthetists of Great Britain & Ireland
guidelines) and oxygen delivered (15 l/min via non-breathing facemask in the spontaneously breathing
patient). Adequate analgesia and sedation is needed. In awake patients local anaesthetic infiltration
and procedural sedation with ketamine (0.2-0.5 mg/kg) +/- midazolam (1-2 mg) should be used. The
recommended maximum dose of lidocaine is 3 mg/kg without adrenaline and 7 mg/kg with adrenaline.
20 ml of 1% lidocaine is safe in the majority of patients. Neuraxial blockade (epidural or paravertebral
block) can be used but may be contraindicated in the trauma patient and can be time consuming.
Equipment should also be prepared for chest drain insertion including chest drains (28-32 Fr in
adults), closed underwater seal (containing sterile water up to marker) and connecting tubing, suture
(2/0 Silk), gauze, large tegaderm dressings and insertion stickers.
With the patient supine or in semi-recumbent position, abduct the arm on the operative side to 90
degrees (or if able, place the hand behind the head).
After cleaning the skin with 2% chlorhexidine a thoracostomy incision of 3-5 cm is placed in the
‘triangle of safety’ (triangle made up of the lateral border of pectoralis major, anterior border of
latassimus dorsi and the 5th intercostal space).
Incision (Annex A, figures 4 & 5)
The incision should be made at the lower border of the target intercostal space (4th or 5th) in line with
the rib below. The incision should be 3-5 cm long. The incision must be long enough to easily
accommodate the gloved finger and Spencer Wells forceps. If the patient is very obese or there is
extensive surgical emphysema the distance to the thoracic cage will be increased and a longer
incision may be required.
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Blunt dissection (Annex A, figures 6 & 7)
Blunt dissection should be used to enter the pleural cavity as this reduces damage to underlying
structures. This should be performed with Spencer Wells forceps. For speed this can be achieved by
holding the closed forceps approximately 4 cm from the tip, placing them into the previously made
incision, walking them off the superior aspect of the rib below and firmly pushing forward until the
pleura is breached. The forceps should then be moved up and down vertically to strip the intercostal
muscle from the periosteum before opening them and withdrawing to enlarge the tract.
This may result in a hiss of air or gush of blood if the contents of the chest cavity are under tension. An
open pneumothorax has now been created. The gap in the muscle and pleura must be sufficient to
accept a gloved finger. Dissecting over the upper border of the rib reduces the chance of damaging
the neurovascular bundle that lies on the inferior border of each rib in the intercostal groove.
Finger sweep (Annex A, figure 8)
The next stage is to perform a finger sweep. Gently insert a gloved finger along the tract into the
pleural cavity (if it has been technically difficult the forceps can be left in situ to act as a guide for the
finger). Once in the pleural cavity the finger is gently rotated to feel for the lung. If the lung is inflated
and ventilating properly it will be felt to move against the gloved finger with each breath. The finger
sweep also allows for the detection of other structures that may be palpable following significant
trauma i.e. bowel (due to rupture of the diaphragm). Additionally, it may help free any adhesions
present from previous pleural pathology.
Care should be taken during the finger sweep as fractured rib ends are exceptionally sharp and can
result in injury to the operator. If the thoracostomy is performed during active chest compressions the
finger can be pinched during compression when the intercostal spaces close down.
The finger thoracostomy is now complete. Do not dress or occlude the incision in an intubated patient.
If the pneumothorax recurs and begins to tension the finger sweep will need to be repeated. If a chest
drain is to be inserted a finger can remain in situ to keep the tract patent.

Chest drain
Insertion (Annex A, figures 9-11)
In a spontaneously breathing patient the thoracostomy has created an open pneumothorax and this
now needs to be sealed to allow the lung to expand effectively.
This is accomplished by the insertion of a chest drain. The gauge of the drain used will be dependent
on the patient’s size; as a guide, a 32 Fr drain for males and a 28 Fr drain for females is usually
adequate. The drain should be inserted by grasping the end of the drain, through its distal side port,
with Spencer Wells forceps. The tract through the chest wall should be maintained with a finger and
the drain then slid into the pleural cavity alongside it. If inserting the drain for a pneumothorax the tip
should ideally be guided toward the apex of the pleural cavity and anterior to the lung. Haemothoraces
may be effectively drained with a drain placed posteriorly and inferiorly.
The drain should be gently inserted until all drainage holes are within the pleural cavity. The drain has
centimetre markers to guide insertion distance. The drain can then be connected to the underwater
seal to check that it swings (with the respiratory cycle) and bubbles (if a pneumothorax is present),
indicating ‘correct’ positioning.
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Securing (Annex A, figures 12-14)
The chest drain must be well secured. The drain should be anchored to the surrounding tissue with a
strong suture (i.e. 2/0 Silk). If the incision is large, simple interrupted stitches may also be needed to
close the wound. Additionally, a horizontal mattress stitch should be placed at the time of insertion to
aid closure of the wound once the drain is removed.
A small gauze with a Y-cut should be placed over the incision site and drain and transparent,
occlusive dressings (i.e. large tegaderm) applied on either side of the drain to create a trouser effect.
An ‘omental’ tag can be fashioned out of tegaderm to hold the tube a little away from the chest wall to
prevent the tube kinking and dragging on the insertion site. Sleek should be avoided.

Further considerations


The position of the drain should be checked with CXR or CT



Critical hypovolaemia (SBP <90 mmHg in an adult) and a significant output of blood from the
drain should prompt urgent thoracic referral as the patient may need an emergency thoracotomy
in theatre (see Annex C)



A chest drain should never be clamped



If the procedure is not possible in the conventional position other sites can be considered. Of
these, the 2nd intercostal space in the anterior mid-clavicular line is probably safest for
thoracostomy and chest drain insertion

Antibiotics



Prophylactic antibiotics are indicated for trauma related chest drain insertion, especially if related
to penetrating chest trauma or when they have been placed through pre-hospital
thoracostomies.



North Bristol antibiotic guidelines suggest a single dose of Flucloxacillin (1 g) and Gentamicin (3
mg/kg) in those under 65 years old (Teicoplanin 400 mg and Gentamicin in penicillin allergic
patients) and a single dose of Co-trimoxazole (960 mg) in those over 65 years old.

Unnecessary thoracostomies


A small cohort of patients who have had thoracostomies, predominantly in the pre-hospital
setting but occasionally in the Emergency Department (ED), when CT scanned show little
evidence of pneumothorax or injuries to suggest significant underlying lung damage.



Traditionally the default has been to place a chest drain through the thoracostomy with removal
at an early stage. Due to the known complications of chest drain insertion including
intraparenchymal placement, infection and pain, alternatives should be considered.



In this cohort of patients a proprietary valved chest seal (e.g. Russell chest seal) can be used to
'close' the thoracostomy. The chest seal should remain in place for 12-24 hours, allowing time
for observation and further x-rays, followed by formal closure of the thoracostomy if no problems
have occurred.



One might ague that the chest seal would allow any continued air leak to escape and therefore
reformation of the pneumothorax would not occur until the thoracostomy was formally closed.
With a near normal CT, minimal underlying lung damage and close observation of the wound
and seal for bubbling etc. this scenario is unlikely.



Close observation is key when using this approach and probably best undertaken in a high
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dependency area.
Referral to the thoracic surgeons (Annex C)
Thoracic referral is indicated where there is high output from the chest drain (>1500 ml initially or >150
ml/hr ongoing loss after the first hour), ongoing opacification from haemothorax on CXR (>25% of
hemithorax) despite the insertion of a suitable chest drain or where there is a continuing air leak after
48 hours. Full indications for referral and the referral process can be found in Annex C.

Ongoing management
Documentation
On completion of the procedure and once clinical observation and CXR or CT confirms the drain is in
the correct position an entry should be made in the patient’s notes and insertion sticker completed. It
is paramount to document; the indication for insertion; who made the decision; operator name and
grade; mark at skin; how it is secured; whether a post removal closure suture is in situ and
confirmation that the drain is in position on imaging.
Ward management
A dedicated chest drain chart should be used for all patients with a chest drain in situ. This should
include wound inspection (for infection), drainage volume and confirmation that the drain is swinging
or bubbling.
The underwater seal must remain below the level of insertion at all times. The drain should never be
clamped. Instead, the tubing should be kinked with fingers (i.e. to empty the underwater seal) and
released as soon as possible. In the very rare event the drain does need to be clamped it should only
be done by a senior, trained person who must remain with the patient until the clamp is removed. If the
patient’s condition deteriorates at any point the clamp must be removed immediately.
Removal
For pneumothoraces the chest drain can be removed when the bubbling has stopped (swinging may
still be present) and the CXR shows resolution.
Chest drains for haemothoraces can be removed when the output is less than 200 ml in 24 hours (or
less than 2 ml/kg in 24 hours).
There is no need to clamp the drain prior to removal and it does not need to be timed with a particular
phase of the respiratory cycle. A Valsalva manoeuvre is unnecessary.
The drain should be removed with a brisk firm pull and the wound closed with the previously placed
horizontal mattress suture. If this is not present the wound should be kept closed while a suture is
placed. This may require 2 people to prevent air entrainment. The wound should then be covered with
a clear occlusive dressing.
A post removal CXR should be ordered and reviewed and a removal sticker completed.
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Resuscitative thoracotomy
NOTE: Resuscitative thoracotomy should be carried out by a skilled clinician who has had
specific training and experience. Trauma team leaders are encouraged to gain formal training
in this procedure. The aim is to open the pericardium within 2 minutes of making the decision
to proceed. If a resuscitative thoracotomy is anticipated the clinician(s) who will be performing
it need to be defined before the patient arrives in the ED.
Urgent thoracic referral is indicated as soon as the decision is made to proceed to
thoracotomy (see Annex C).
Indications
The indications for resuscitative thoracotomy in the ED are:



The patient has sustained a penetrating wound that could involve the heart AND has been in
cardiac arrest (any rhythm) for less than 10 mins
-



Wound to anterior chest, between the nipples
Wound to posterior chest, between the scapulae
Wound to upper abdomen (epigastrium)
Wound to the neck

Traumatic cardiac arrest (for less than 10 mins) secondary to hypovolaemia from abdominal or
pelvic haemorrhage where proximal vascular control is needed

Traumatic cardiac arrest associated with blunt chest trauma carries a significant mortality. The
appropriateness of a resuscitative thoracotomy in this situation should be very carefully considered as
the risks (i.e. ‘sharps injury’ from rib fractures) are likely to outweigh the benefits. The only exception
to this is cardiac arrest caused by cardiac tamponade due to blunt myocardial rupture. This can be
identified using echocardiography and these patients may benefit from the procedure.
Procedure – The ‘clamshell’ thoracotomy
Equipment (Annex B, figure 1)
In its simplest form, all that is required for a clamshell thoracotomy is a large scalpel, Spencer Wells
forceps, Tuff Cut scissors, Gigli saw and sharp tipped scissors for opening of the pericardium.
Sutures, skin staplers and a Foley urinary catheter may be useful for managing any cardiac injuries
found.
Specific thoracotomy sets are available and have the advantage of containing rib spreaders (e.g.
Finochietto).
Preparation
Position the patient in the supine position if not already done so. Intubation and IV access should be
performed by other members of the trauma team and not delay the thoracotomy.
External chest compressions are often ineffective in this context and should not hamper the
procedure. Time should not be wasted on full asepsis, but rapid application of chlorhexidine to the skin
is appropriate.
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Procedure (Annex B, figures 2-5)
Bilateral thoracostomies (3-5 cm each) should be performed as described above. The procedure can
be stopped at this stage if an underlying tension pneumothorax is decompressed and cardiac output
returns.
Using a scalpel the thoracostomies should be connected with a deep skin incision following the
intercostal space (‘swallow tail’). Two fingers should then be inserted through the thoracostomy to hold
the lung out of the way while cutting through all layers of the intercostal muscles and pleura towards
the sternum using Tuff Cut scissors. This should be performed on left and right sides leaving only a
sternal bridge between the two anterolateral thoracotomies.
The sternum can usually be cut using Tuff Cut scissors. If this is unsuccessful, use the Gigli saw
(serrated wire) as follows; pass Spencer Wells forceps under the sternum, grasp one end of the Gigli
saw with the forceps and pull back under sternum, connect saw handles and with smooth, long
strokes cut through the sternum from inside out.
Open the ‘clamshell’ using the self-retaining retractors/rib spreaders from the full thoracotomy set. If
not available, the incision can be held open manually by one or two gloved assistants. The retractor
should be opened to its full extent to provide adequate exposure of the chest cavity with access to all
areas. If exposure is inadequate it is likely the incisions will need to be extended posteriorly.
Additionally, the pericardial sac is usually connected to the underside of the sternum by the
sternopericardial ligaments. These can be gently stripped using fingers to allow full access to the front
of the pericardium.
Lift the pericardium with forceps and make a long midline longitudinal incision using scissors (sharp
tipped). This approach minimises the risk of damage to the phrenic nerves that run in the lateral walls
of the pericardial sac. Making the incision too short will prevent full access and cause kinking of the
heart on its pedicle.
Evacuate any blood or clot present then inspect the heart rapidly but systematically for the site of
bleeding (including the posterior aspect).
One of three scenarios is now likely:



The heart will begin to beat spontaneously with a return of cardiac output. Any cardiac wounds
should be closed as described below



The heart begins to beat slowly with reduced cardiac output. In this situation wounds should be
closed quickly and internal cardiac massage commenced



The heart remains in asystole. In this case wounds should be quickly closed and internal cardiac
massage commenced. Flicking the heart may produce a return of spontaneous output

A two-handed technique is preferred for internal cardiac massage. One hand is slid behind the heart,
keeping it flat, and the other placed on top. Blood is ‘milked’ from the apex upwards at a rate of
approximately 80 beats per minute. Whichever technique is used ensure that the heart remains
horizontal during massage. Lifting the apex of the heart too far out of the chest causes kinking of the
great vessels and prevents venous filling.
An assistant should compress the aorta against the spinal column using a hand placed posterior to the
left lung to maximise coronary and cerebral blood flow. This is also the technique for gaining proximal
control where abdominal or pelvic haemorrhage is the cause of cardiac arrest.
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Control of bleeding
Holes less than 1 cm can usually be occluded temporarily using a finger or gauze swab. If this is
successful no other method should be attempted before the arrival of the thoracic surgeon.
If bleeding cannot be controlled with finger/gauze compression it may be necessary to close the defect
with large sutures (vertical mattress with 2/0 Silk) or skin staples taking care to avoid the coronary
arteries that are normally fairly visible. An alternative approach is to use a Foley urinary catheter that
is passed through the hole then inflated (small volume <10 ml) and gently pulled back. If a catheter is
used in this way, a “giving set” can be attached to permit rapid volume infusion directly into the heart.
If defibrillation is required use internal paddles with an initial energy level of 10 J. If these are not
available, close the clamshell and defibrillate using conventional external pads.
If the procedure is successful the patient may begin to wake. Provision for immediate anaesthesia
may be needed. Return of spontaneous circulation (ROSC) will be associated with bleeding,
particularly from the internal thoracic (mammary) arteries and intercostal vessels. Large ‘bleeders’
may be controlled with artery forceps or sutures.
Referral to the thoracic surgeons
The thoracic team must to be contacted urgently as soon as the decision has been made to proceed
to thoracotomy. In the event that ROSC occurs rapid transfer to theatre for further interventions and
surgery is indicated (see Annex C).
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Annex A - Chest drain insertion

Figure 1. Patient position

Figure 2. Equipment

Figure 3. Equipment

Figure 4. Triangle of Safety

Figure 5. Incision

Figure 6. Blunt dissection
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Figure 7. Blunt dissection

Figure 8. Figure sweep

Figure 9. Drain insertion

Figure 10. Drain insertion

Figure 11. Connection to underwater seal

Figure 12. Securing

Figure 13. Dressings

Figure 14. Omental tag

Traumatic Chest Injury Management TJ Hooper Oct 15 v4

Page A-2/2

Annex B - Resuscitative thoracotomy

Figure 1. Equipment

Figure 2. Incision

Figure 3. Cutting through the sternum

Figure 4. ‘Delivering’ the heart

Figure 5. Optimal view with retraction
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Annex C - Thoracic surgeon referral
Indications for referral
Ongoing blood loss from chest drains
Consider if blood loss is >1500 ml initially or >150 ml/hr ongoing loss after the first hour of chest
drain insertion. Earlier referral may be indicated if there is haemodynamic instability or
decompensation on insertion.
Haemothoraces
Any haemothorax with >25% opacification of hemithorax despite placement of a suitably sized
chest drain (28 Fr or above).
Pneumothoraces
Discussion is indicated in pneumothoraces with persistent air leaks (>48 hours).
Surgical emphysema
Consider referral if there is progressive worsening of the surgical emphysema despite adequate
drainage or where there is significant face/neck involvement.
Rib fractures
NICE guidelines suggest rib fracture fixation in ventilated (either invasive or non-invasive)
patients with a flail segment (2 fractures in at least 2 ribs or 2-fracture equivalent, i.e. fractured
ribs and sternum or fractured ribs on both sides of sternum causing a flail sternum).
Diaphragmatic injuries
Frequently due to blunt abdominal trauma with associated intra-abdominal pathology. Can
potentially be repaired by general surgeons at time of laparotomy. Consider referral if associated
with other thoracic injuries not requiring abdominal surgery.
Resuscitative thoracotomy
Immediate referral indicated as soon as the decision to perform it has been made. Refer
direct to the on-call consultant thoracic surgeon via switchboard at the BRI. If cardiac
surgery input is required this will be arranged following the initial referral.
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Referral process
Emergency referral (resuscitative thoracotomy)
Direct to on-call consultant thoracic surgeon via BRI switchboard (0117 923 0000).
In hours
Referrals can be faxed to thoracic team on 0117 342 3522 where they will be triaged that day by
a consultant thoracic surgeon.
Out of hours
Initial referral to the on-call cardiothoracic registrar via the BRI switchboard. This route is only
appropriate if urgent surgery may be required out-of-hours (i.e. overnight).
If not immediately available the on-call cardiac and thoracic consultant can be contacted via the
BRI switchboard.
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Annex D - Chest drain insertion & management flowchart







Injury consistent with underlying lung pathology
Clinical diagnosis of pneumothorax or haemothorax

Patient stable
SpO2 >98%, SBP >90 mmHg, HR <100
Likely to remain stable during CT?
Caution in ventilated patients




Imaging
CT
Consider CXR first
























Patient unstable
Evidence of tension pneumothorax
Cardiovascular instability despite fluid
resuscitation

Imaging
Ideally CXR first
Proceed with chest drain insertion

Procedure
Always surgical blunt dissection
2 stage technique
- finger/open thoracostomy
- drain placement
Post procedure
Check drain swinging/bubbling
Post insertion CXR
Documentation including sticker
Antibiotics

Ward care
Chest drain ward chart & obs
Appropriate analgesia
Daily review by team
Removal
Pneumothorax
- No longer bubbling & CXR resolution
Haemothorax
- <200 ml/day (<2 ml/hr in 24 hrs)
Complete removal sticker
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Thoracics referral
Blood loss >1500 ml initially or
>150 ml/hr after 1st hr
>25% haemothorax opacification
despite chest drain
Peristent (>48 hr) air leaks
Worsening surgical empysema
despite chest drain
Flail chest (incl. sternum) in
ventilated pt. (invasive or NIV)
Resuscitative thoracotomy
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