CHEST TUBES
SUMMARY:

Tube thoracostomy or chest tube (CT) placement is often indicated following traumatic injury.  Premature movement of CT as well as unnecessary prolongation, leads to increased hospital costs and complications.  Although there is general agreement on the indications for CT placement, there is little consensus on the subsequent management.  

INDICATIONS FOR CT PLACEMENT:

Placement of a CT is indicated to drain air, blood, bile, pus, or other fluids.  Whether the accumulation is the result of rapid traumatic filling or insidious malignant seepage, placement of a chest tube allows for continuous, large volume drainage until the underlying pathology can be more formally addressed.

· Pneumothorax

· Hemothorax

· Chylothorax

· Empyema

· Pleural Effusion

· Consider in patients undergoing air transport who are at risk for pneumothorax
· OCCULT PNEUMOTHORAX (OP):

· OP is defined as a pneumothorax that is detected by computed tomography but not routine supine screening chest radiograph
· At present there are 279 papers were found of which 273 were irrelevant or of insufficient quality for inclusion into a meta-analysis of whether CT placement is indicated. 
· Asymptomatic patients with OP should be watched expectantly.
· If placement on positive pressure ventilation, placement of a CT should be strongly considered based on a study showing a >30% progression of OP in this subgroup 
COMPLICATIONS OF CT PLACEMENT:
Although CT insertion can be lifesaving, its performance should not be taken lightly since the reported overall complication rate approaches 25%.  Important factors in determining complication rates included urgency of placement, location of tube placement, and the level of operator experience.
· Improper placement
· Bleeding

· Organ penetration

· Liver

· Spleen

· Stomach

· Lung

· Heart 

· Tube dislodgement

· Empyema

· Retained pneumothorax or hemothorax
SIZE OF CT TO BE PLACED:
The appropriate size of tubes to be used is of some debate.  Classically, trauma patients received large-bore CTs (36-40F).  It is clear now that in patients who only have a simple pneumothorax or serous fluid, a small-bore CT (20F) will suffice for proper drainage.  Blood, purulence, or viscous fluid requires a larger tube (32-40F).  Smaller drainage catheters are more likely to occlude but flushing the drain several times a day may assist in maintaining patency.  (Trauma text)
PROPHYLACTIC ANTIBIOTICS FOR CT PLACEMENT:
The organisms responsible for the infection vary according to the mechanism of contamination. When related to chest tube insertion, empyema typically will culture

gram-positive Staphylococcus aureus or Streptococcus species.  Secondary

contamination from pneumonic processes or other routes of spread often involve

gram-negative or mixed bacterial pathogens.

Multiple factors contribute to the development of posttraumatic empyema. These factors

include the conditions under which the tube is inserted (emergent or urgent), the mechanism of injury, retained hemothorax, and ventilator care. The incidence of empyema in placebo groups ranges between 0% and 18%. The administration of antibiotics for longer than 24 hours did not appear to significantly reduce this risk compared with a shorter duration, although the numbers in each series were small. Most reports found a significant reduction in pneumonitis when patients received prolonged prophylactic antibiotics. This use of antibiotics might possibly be better described as presumptive therapy rather than prophylactic. (EAST guideline)


Recommendations:

· Presumptive therapy with first generation cephalosporin for < 24 hours

TECHNIQUE OF INSERTION:
The chest should be prepared with skin antiseptic and the field draped with sterile towels and sheets.  The proposed site should be identified and local anesthetic infiltrated at the selected intercostal space.  Patient education, liberal use of local anesthesia and premedication with a narcotic or anxiolytic can lessen pain and anxiety.  Position the patient either supine or at a 45 degree angle with the ipsilateral arm placed above the head to “open up” the rib spaces.

The American College of Surgeons Committee on Trauma recommends drain placement between the anterior and posterior axillary lines, below the axillary vessels at a level just above the fifth intercostal space (nipple level in men).  A 3-4 cm incision through skin and subcutaneous tissues between the 4th and 5th ribs, parallel to the rib margins should be made.  Blunt dissection using a Kelly clamp and a finger should progress through the subcutaneous tissue to the appropriate intercostal space.  An oblique path angled slightly  superiorly between the incision and the entry site into the pleural space will lessen the chances of infection, decreased the risk of air entry on tube removal and aid wound closure.  The pleural space is then entered carefully above the superior surface of the rib to avoid damage to the neurovascular bundle with the aid of a Kelly clamp.  Care must be taken to avoid injuring underlying structures.  Entry into the pleural space is often accompanied by the release of air or fluid.  The index finger should then be inserted through the pleural opening to confirm entry into the pleural space by palpation of the lung and to assess if adhesions exist.  The CT should then be inserted with the assistance of the previously used clamp by grasping the CT and guiding it between the rib spaces. After tube has entered thoracic cavity, remove Kelly, and manually advance the tube.
The CT should then be immediately connected to the collecting system and sutured into place to avoid accidental removal.
HOW TO SECURE A CHEST TUBE
· Using #1 ethibond suture, come across the thoracostomy incision just posterior and as close as possible to the tube.

· Even out the two strands and tie down to the skin.  First two throws the same way, then the opposite throw to lock the knot.

· Come around the tube with both ends of the suture and tie down to the tube on the top side.  Again use the slip knot as described above.  Gain purchase on the tube- just tight enough to see a little denting in of the plastic.

· Wrap both strands of the suture around the tube, alternating front to back, crossing the strands on each side.  Keep the suture pushed down around the insertion point of the tube.   Leave long enough tails to tie.

· Tie down to the tube with a slip knot, again gaining purchase on the tube.

· Connect the chest tube to the atrium.  Be sure it is placed to wall suction.

· Place a dressing over the tube at the insertion site using xeroform and several 4x4” gauze sponges all in one stack.  Secure with lots of wide stretchy tape.  Move distally on the tube and tape again to the patient’s flank making a” mesentery”, i.e. wrap the tape around the tube until the tape touches, then stick the loose ends down to the skin.

· Reinforce the 5-in-1 adapter connecting the tube to the atrium with longitudinally placed clear tape.  Never obscure this area completely by wrapping opaque tape circumferentially.  This will avoid potentially dangerous disconnection of the tubing inside a sleeve of tape which you can’t see because you covered it up.

· Get a portable chest xray before anything else unless the patient is in extremis.
ONGOING MANAGEMENT :

Following placement, tubes are connected to an underwater seal with negative suction.  A negative pressure of 20 cm water is helpful in promoting drainage.  It is important to obtain a CXR immediately following placement.  This is to confirm proper placement and to aid in the assessment of evacuation of fluid or air from the pleural cavity.
Tubes and atriums should be examined daily for

· Air leak

· Volume of output

· Condition of site of placement
MONITORING OF THE CT:
Fluid within the tube should swing with respiration due to changes in intrapleural pressure. With normal respiration, the fluid should rise on inspiration and fall on expiration.  Bubbling and swinging are both dependant on an intact underwater seal and so can only be picked up if the drain tube extends below the water level in the bottle. Bubbling and swinging should be assessed with the patient deep breathing and if possible coughing. This also has the benefit of assessing adequacy of analgesia. These features indicate that the drain is still doing its job.  Absence of swinging indicates that the drain is occluded or is no longer in the pleural space. 
Bubbling in the underwater seal fluid chamber generally indicates an on-going air leak which may be continuous, present on one phase of spontaneous ventilation or only on coughing. Persistent bubbling throughout the respiratory cycle may indicate a continuing broncho-pleural air leak. Faulty connections and entrained air through the skin incision should also be assessed.
A drain inserted for a fluid collection such as an effusion or empyema will need the volume and nature of the drain fluid recording. Drains inserted just for fluid should not bubble so the presence of this feature is abnormal and should be recorded.  A drain inserted for drainage of a hemothorax (+/- pneumothorax) needs blood loss to be recorded accurately with any sudden increases in drain volume referred immediately for medical review.
With fractured ribs most bleeding is from the intercostal vessels, which will slow down as the lung re-inflates. However continued bleeding into the pleurovac is indicative of pathology that may need thoracic surgical intervention. After thoracic trauma more than 1500ml of blood into the bottle initially or continued bleeding of greater than 200ml/hr requires discussion with attending staff.

IS A WATERSEAL TRIAL REQUIRED:

Multiple studies have been performed to address this question.  Davis et al published a randomized prospective study comparing removal from suction versus a water seal trial period.  Patients on mechanical ventilation, post-thoracotomy and patients with multiple CTs were excluded from this study.  Patients were randomized to suction only and removal when CT output was < 2ml/kg/ 24 hours and no noticeable air leak for 24 hours versus a water seal trial with CXR at six and 24 hours after removal of suction.  If a recurrent pneumothorax was seen, the patient was placed back on suction for 24 hours and the process repeated.  Overall, there was no statistical difference in rate of recurrent ptx requiring CT replacement.  This study concluded that CT removal on suction was safe and protocols requiring water seal trials before removal lead to a longer hospital stay and an increased number of chest x-rays.

An additional trial performed in trauma patients by Martino et al found that the water seal group was more likely to develop a recurrent pneumothorax after CT removal but less likely to need CT replacement.  This study concluded that a short trial of water seal might allow occult air leaks to become clinically apparent and reduce the need for subsequent CT placement.

In patients after pulmonary resection, Marshall et al found that the duration of air leaks in the water seal group was approximately half of that observed in the suction group.  Patients were randomized to water seal or suction after surgery.  If patients in the water seal group had >25% pneumothorax upon arrival to the PACU, the CT would be put on 10cm water suction until resolution of the pneumothorax; then it was placed back on water seal.  They believed the air leak was kept open by the suction and when placed on water seal, the decreased volume of leaking air allowed lung parenchyma to heal more readily.  
Recommendations:

· In patients at risk for occult air leaks, an 6-8 hour water seal trial should be performed prior to CT removal

· In patients after pulmonary resection, suction should be removed as soon as soon as the lung is found to remain inflated on water seal.
WHAT VOLUME OF DRAINAGE IS APPROPRIATE FOR REMOVAL:

The maximum daily volume of chest tube fluid output before CT removal has, as well, been the study of much debate.  In a study by Younes et al, CT removal was compared at different amounts of output, namely < 100ml/d, <150 ml/d, and <200 ml/d.  Fluid reaccumulation and the need for subsequent drainage were evaluated.  No major differences were noted between the groups in drainage time, hospital stay, reaccumulation rates and subsequent need for drainage.
Recommendations: 

· CT drainage should be < 200 ml per day before a CT is considered for removal

SHOULD CT BE REMOVED AT END-INSPIRATION OR END-EXPIRATION:

Whether to remove a chest tube at the end of inspiration or the end of expiration is a common question. The randomized assessment of Bell et al of 102 chest tube removals in 69 trauma patients found no difference in post chest tube removal pneumothoraces rates using either method (end inspiration, 8% occurrence; end expiration, 6%). The presence of hemothorax, history of thoracotomy or thoracoscopy, previous lung disease, or chest tube duration did not affect pneumothorax recurrence.

Recommendations:  

· CTs may be removed equally safely at either end-inspiration or end-expiration.  
WHEN SHOULD CXR BE OBTAINED AFTER REMOVAL OF CT:

A retrospective review was performed of over 100 patients with 113 CTs to see if routine CXR after CT removal in traumatic hemopneumothorax (HPTX) offered any benefit over clinical judgment.   Prior to removal, a 24 hour water seal trial occurred as well as a CXR to confirm resolution of HPTX.  This study concluded that clinical assessment was sufficient to identify recurrent HPTX requiring further intervention.  However, the authors still recommended obtaining a CXR 24 hours post CT removal as the study was retrospective.

McCormick evaluated postoperative cardiac patients who underwent routine CXR after CT removal and those that received no imaging except if symptomatic.  CXR alone prompted intervention in four patients who were asymptomatic.  This raised the possibility that the patients may have done well without intervention. The study concluded that omission of routine CXR following CT removal is safe and that liberal use of clinical indications for imaging should be encouraged.  

A more recent study evaluating the timing of CXR in mechanically ventilated patients after CT removal found that all patients with recurrent pneumothoraces had evidence of such on a one hour post CT removal film.  No additional pneumothoraces were noted on CXR obtained 10 hours and 36 hours later.  

Recommendations:
· In non-mechanically ventilated patients, routine CXR after CT removal is generally not indicated.  The decision to obtain a CXR should be based on individual clinical situation/ signs and symptoms

· In mechanically ventilated patients, routine CXR after CT removal should occur approximately one hour after removal

(Enderson BL, Abdalla R, Frame SB, Casey MT, Gould H, Maull KI.Tube thoracostomy for occult pneumothorax: a prospective randomized study of its use.J Trauma. 1993 Nov;35(5):726-9; discussion 729-30).
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