Chest Tube Placement

I. Indications


A. Chest tube placement is often indicated for drainage of a fluid (air, blood or pus) from the pleural space.


B. Alternatives may be acceptable on occasion.



1. Observation only may suffice if:




a. The patient is stable from a cardiorespiratory standpoint.




b. The child has a problem likely to resolve without intervention.




c. The child is to be observed in a site where needle thoracentesis or chest tube placement could 





be accomplished immediately if his status should change.




d. The child is not to undergo transport in a non-pressurized aircraft.



2. Needle thoracentesis without subsequent tube thoracostomy may suffice if:




a. The procedure accomplishes removal of enough fluid to alleviate the child's symptoms.




b. The child's underlying problem is not one which is likely to produce recurrence.

II. Equipment


A. Chest tube



1. Style of tube depends largely on the fluid to be aspirated as well as the capabilities of the




individual placing the device.




a. A small chest tube intended for over-the-needle insertion may be considered for rapid 





decompression of a pneumothorax; such a tube is likely to be too small for effective drainage 





of blood or pus. The Peters Pneumothorax Set by Cook contains such a tube. Other over-the-needle





catheters are pigtail tubes which permit placement of a longer tube (and more holes) in a small chest.
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b. If purulent material or blood is to be drained, a larger diameter tube with larger holes will be 





required. Selection of a brand which can be inserted safely with the obturator in place is 





recommended for percutaneous placement, since this permits better control of tube tip 





location (tubes placed during thoracotomy can be ideally sited without use of an obturator); 





a Deknatel tube is an example of such a brand:
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2. Size of tube




a. Optimal size depends somewhat on fluid to be aspirated; evacuation of air is readily 





accomplished with a narrow tube, particularly if multiple side holes are present, whereas a tube of 





larger diameter is preferable for drainage of blood or pus.




b. Patient size also determines tube size:





1). Tube diameter cannot exceed width of the intercostal space.





2). Patient chest size must be large enough to allow placement of the chest tube's most proximal 






hole well into the pleural space.




c. Sizes for over-the-needle chest tubes





1). Infants: "pediatric" size straight tube or over-the-needle pigtail tube





2). Child: pediatric straight tube unless the chest is large enough for the proximal hole of an adult 






straight tube to be at least 1 cm inside the chest wall; an over-the-needle pigtail tube can also be 






selected instead.




d. Sizes for Deknatel or other tube inserted via incision and dissection





1). Premature newborn


10 French





2). Term newborn



12 French





3). Older children



16-32 French


B. Sterile drapes, betadine prep, and lidocaine with syringe and needle for injection


C. Thoracotomy tray with instruments appropriate for the size of the patient if incision and dissection



are to be undertaken


D. Dressing materials


E. Drainage system such as Pleurevac

III. Technique for over-the-needle chest tube insertion

A. Select site for insertion:



1. The preferred approach is lateral, with skin entrance site in the mid- to anterior axillary line at 




about nipple level, i.e., in the 4th or 5th intercostal space. Advantages of this site include:




a. Safety: the heart, great vessels, and long thoracic (internal mammary) artery are out of reach of the 





device. Structures of concern with the lateral approach (dome of the liver or spleen and the brachial 





plexus in the axilla) are distant from the entrance site and unlikely to be injured.




b. Ease of insertion: the chest wall is thinner laterally than anteriorly, where the pectoral muscle (and in a 





female teenager, breast tissue) is present




c. Clinical care is facilitated: anterior chest wall remains free for auscultation, EKG leads, etc.




d. Cosmetic result is superior



2. The anterior superior approach (2nd intercostal space at mid-clavicular line) is occasionally 




necessary. Usual indications:




a. Several previous lateral insertions, particularly if skin entrance sites are infected




b. Tiny premature infant in whom proximal holes of a straight tube cannot be positioned intrathoracically 





with the lateral approach



3. Entrance sites
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B. Emergent insertion



1. Don sterile gloves and prep the chest wall rapidly; drape the site if time permits.



2. Locate a suitable entrance site in skin overlying a rib.



3. Nick the skin with a #11 blade (if availble) in order to permit easy insertion of the chest tube tip.



4. Assure that the child is receiving positive pressure ventilation (this could be via bag and mask).



5. Hold the chest tube near its tip in the dominant hand and use the thumb of the non-dominant hand to 




cover the opposite end so that the needle is kept protruded during insertion.



6. Place the needle tip in the entrance site and use it slide the skin up and over the underlying rib (so as 




to avoid the neurovascular bundle, which is located at the lower edge of the rib) while advancing 




the tube.



7. When the tip is felt to pop into the pleural space, use the dominant hand to keep it in place while




withdrawing the needle a few millimeters so that the sharp point no longer protrudes. Then drop 




the external end of the chest tube down toward the table surface so that the internal end of the tube




is directed anteriorly (where air will collect in a supine patient). Advance the tube with the 




relatively stiff stylet in place but the needle tip withdrawn, directing the tip anteriorly and




toward the diaphragm. Stop advancing when the most proximal hole is about 1 cm inside the chest




wall. Withdraw the needle and stylet.



8. If a collection system is set up, the tube may be connected to suction immediately. Otherwise, the




tip may be left open (so long as the child is being ventilated) to permit escape of air.



9. When the chest tube location is felt to be satisfactory, cover the entrance site with Opsite or other




sterile permeable plastic. Then use "Y-tape" as described below to secure the chest tube and assure




that it cannot be inadvertently dislodged.



10. Obtain a chest X-ray in order to assess tube position and resolution of the pneumothorax.


C. Urgent rather than emergent insertion: time and patient stability may mandate additional measures.



1. Prep the entrance site thoroughly and drape the chest wall.



2. Consider systemic sedation/analgesia and anesthetize the skin with local lidocaine as well.



3. If the child is breathing on his own, attempt to prevent him from inhaling air via the chest tube:




a. When it is first inserted and the needle has been withdrawn, cover the tube end with a thumb or 





attach a 3-way stopcock with the patient side closed.




b. Open the stopcock only when air is being actively aspirated via a syringe or suction device.



4. When a collection chamber is available, attach the tubing to it, open the stopcock, and ascertain whether air 




evacuation occurs. If it does not, the air collection may have been completely drained or the chest tube is 




not functioning. Clinical considerations (and a chest X-ray when possible) should determine whether the 




tube requires replacement.

IV. Technique for chest tube insertion by means of incision 


A. Select entrance site as described above.


B. Prep and drape the child. Administer systemic analgesia and sedation if possible.


C. Anesthetize skin and subcutaneous tissue down to the level of the periosteum.


D. Make a skin incision overlying the rib in a direction parallel to the rib. Length of the incision should be just 



enough to accommodate the diameter of the tube .


E. With a curved hemostat inserted into the incision, slide the skin cephalad and begin blunt dissection 



of the intercostal muscles over the rib (so as to avoid the neurovascular bundle).
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1. If the child is intubated and receiving most of his ventilation via positive pressure, the pleura 




may be opened indefinitely with impunity, since the lungs are expanded by positive pressure 




from within the airway; in this situation, blunt dissection should be performed rapidly until 




the hemostat tips enter the pleural space, at which time the entrance site should be opened 




widely enough to permit escape of air or fluid. Clinical improvement should result.



2. If the child is breathing spontaneously, then precautions must be taken to avoid further ingress of 




air through the incision (see below).


F. The stay suture should be placed (but not tied) prior to insertion of the chest tube, so that the tube, 



once correctly placed, need not be moved for subsequent suturing. A true purse-string suture is likely 



to result in a puckered scar; a horizontal mattress suture is preferred as the cosmetic result is 



superior.
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G. Optimal positioning of the chest tube tip should be determined.



1. Tip position should generally be anterior for evacuation of a pneumothorax, since air collects 




anteriorly in a supine patient; conversely, a chest tube placed for drainage of blood or pus 




should be directed posteriorly.



2. Orientation of the tube tip toward the diaphragm affords the greatest distance for insertion of 




the proximal holes, but the presence of an apparently-loculated apical pneumothorax may on 




occasion mandate apical placement of the tube tip. (Loculation is unlikely in the case of a new 




pneumothorax, but it becomes more probable in the event of recurrent pneumothorax in the face 




of previous chest tube placement or in the child who has pus or blood in the pleural space.)
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K. Once the chest tube is placed, the open end can be connected to suction. (-5 to -20 cm H2O is the usual range of 



suction). Care must still be taken to avoid inadvertent removal of the tube.

L. The wound may be treated with antibiotic or antiseptic ointment and covered with a small 



dressing. Tegaderm or Opsite may be used to cover the 2 x 2. The chest tube must then be taped 



carefully in order to prevent accidental dislodgment.
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M. A chest X-ray must be obtained in order to ascertain tube position as well as to confirm successful 



drainage of the pleural space. 


N. Volume replacement should be considered if large quantities of blood or plasma are drained from the 



pleural space.

V. The non-ventilated patient


A. If a child is breathing on his own, his pleural space cannot be opened for more than a brief instant or 



he may suck in air and develop (or increase the size of) a pneumothorax. In such a patient, the 



procedure is modified so as to minimize the interval in which the chest is open.


B. Procedure



1. Dissect bluntly down to but not into the pleura.



2. Place the stay suture in the usual fashion.



3. Bend the chest tube in the appropriate manner and thrust it into the pleural space (this may require force.)



4. Remove the obturator and immediately clamp the chest tube.



5. Attach the tube to suction and unclamp it as soon as possible so that drainage can commence immediately.



6. Suture the tube and fasten it in the usual manner. A second set of sterile hands is useful at this time to 




assure that the chest tube is not inadvertently dislodged by drag from the suction tubing.

VI. Possible complications of chest tube placement 


A. Failure to drain the pleural collection (malpositioned tube, occluded tube, etc.)


B. Hemorrhage


C. Infection


D. Lung perforation


E. Iatrogenic pneumothorax in a spontaneously-breathing patient (proximal hole is allowed to slip 



outside the body, chest tube separates from suction tubing, incision is allowed to open around the 



chest tube, or incision is not properly closed following chest tube removal).


F. Rare complications such as phrenic nerve palsy, injury to thoracic duct, perforation of the diaphragm

VII. Chest tube removal 


A. Determine that chest tube is no longer needed.


B. Over-the-needle chest tube removal is a straightforward procedure.



1. It should be undertaken rapidly during when the child is NOT actively inhaling (i. e., while the 




intubated patient is being given a sustained bagged breath or while the unintubated child is 




either exhaling or, if he is unusually cooperative, holding his breath).



2. A Band-aid with a small quantity of Betadine or other antiseptic ointment should suffice to 




cover the hole. 



3. A chest X-ray should then be obtained.


C. Removal of a larger chest tube which has a stay suture requires two or three individuals for optimal result.



1. Remove all dressings and locate and free the ends of the stay suture; be sure that the half-knot is 




loose enough and free enough of clot to be closed.



2. Plan to time chest tube removal so that it does not coincide with spontaneous (negative pressure) 




inhalation, as air may be sucked into the pleural space during the brief interval in which the 




chest wall is open and not plugged by the chest tube.




a. If the child is intubated, one member of the group should deliver a large bagged breath and 





hold it until the tube is removed.




b. If the child is breathing on his own, finesse is required to time removal to coincide with 





exhalation (an older child may be cooperative enough to hold his breath; for younger 





children, recall that active screaming occurs during exhalation).



3. Actual tube removal is carried out by two individuals: the first removes the tube at the 




appropriate time, while the second tightens the half-knot immediately after the tube tip 




emerges from the chest wall. The knot is then completed so that it can't loosen and allow the 




incision to re-open.



4. Antibiotic or antiseptic ointment should be applied to the wound, which can then be covered 




with a Band-aid. (If the incision has closed properly, Vaseline gauze should not be necessary).



5. A chest X-ray must be obtained to assure that no air entered the pleural space during tube 




removal.

