Intraosseous Infusion

I. Introduction


A. Historical perspective



1. Use of the bone marrow for vascular access is an old procedure which has recently been 




rediscovered as a resuscitation tool.




a. Technique was used in the 1940s and 1950s when peripheral IV attempts failed.




b. Development of improved IV techniques led to a general abandonment of the procedure.



2. Recent major advances in resuscitation medicine have made it painfully obvious that inability to 




establish vascular access rapidly is a major limiting factor in resuscitation; bone marrow 




infusion has been reintroduced because it is usually more rapidly successful than alternate 




access procedures.


B. Bone marrow receives good blood flow and drains rapidly into the central circulation (within 



seconds, at least in a child with intact circulation); it has the additional advantage that it does 



not collapse even in the face of profound shock. These features make it the procedure a valuable 



technique for patients in whom vascular access is required emergently.

II. The procedure


A. Indications for intraosseous infusion



1. Intraosseous infusion is indicated for the patient in whom peripheral IV access cannot be obtained 




and who requires emergent administration of fluid or medication which can only be infused 




directly into the vascular space. The patient must have at least one IO site available and 




(ideally) should have decreased level of consciousness, since this is a painful procedure.



2. Most likely reasons for which IO access will be required




a. Patient is a child who is very small or has unfavorable anatomy




b. Severe shock is present




c. Extensive edema or fat is present




d. Major burns are present




e. Multiple prior IV starts have exhausted all sites


B. Possible complications of bone marrow infusion (most are inconsequential, rare, or theoretical)



1. Local infiltration of injected substances or local bleeding; this may lead to compartment syndrome 




and in at least one reported case, has led to amputation of a baby's leg!



2. Infection (this is in fact rare, both because sterile technique is used and because the IO needle is 




removed relatively soon after placement)



3. Tibial fracture (unlikely in all except small newborns)



4. Injury to the growth plate (unlikely if one directs the needle correctly)



5. Fat embolus (theoretical; less likely in children than in adults, as bone marrow in pediatric 




patients is relatively fat-free)



6. Injection of clots, bone fragments, etc.



7. Injection into the knee joint 



8. Local periostitis or marrow inflammation if irritating substances are injected (this has been of 




little clinical significance in published series)



9. Extravasation of fluid into popliteal space with compression of popliteal vessels or tibial nerve 




if needle tip has perforated the posterior cortex and infusion is carried out


C. Technique



1. Gather equipment (may be kept in a bone marrow infusion kit).




a. Bone marrow needle (many types are available; see Diagram A for one desirable style)





1). A 15-18 gauge IO needle will suffice for most patients. Most IO needles are rigid and 






are supplied with an obturator in order to avoid plugging with bone fragments.





2). A "screw-in" style needle may be required for penetration of very rigid (adult) bone.





3). A drill (EZ-IO) and needles for IO insertion are available in some centers; use should be in 






accordance with the manufacturer's specifications.




b. Skin prep materials




c. Two 5 or 10 mL syringes, one with needle




d. T-connector




e. Flush solution




f. Tape



2. Select site (see Diagram B)



a. Tibia is the currently accepted site of choice; proximal site (near the knee) is usually used in 





younger children, while the distal tibia at the ankle is preferred for older patients.





1). Femoral access has also been described but is not as accessible as tibial sites, since the 






needle must traverse the quadriceps muscle in order to reach the femur.





2). There is no currently described upper extremity site for children.





3). The sternum is used for some adult patients, but this site is too dangerous for children.





4). Anterior superior iliac crest access may be considered in some children if no lower 






extremity site is available.




b. Avoid using a badly-traumatized leg, particularly one with an apparent fracture (fluids or 





drugs injected in a needle placed near a fracture will often leak out the fracture site, in 





which case they are not only ineffective, but they also contribute to local swelling).




c. Avoid placing an IO needle through obviously-infected skin.




d. An IO needle may be placed through severely burned skin (and in a terribly burned patient, 





this may be the only means by which to secure vascular access).



3. Prepare site




a. Position child so that site is stable and accessible.





1). For either tibial site, this means the leg must be externally rotated so that the medial 






surface is up. The rescuer must then position himself on the correct side of the patient so 






that when the needle is grasped in his dominant hand, it tends to point away from the 






adjacent joint. (This means that a right-handed individual could attempt either 






proximal tibial site from the patient's left side, but he would need to move to the 






child's right side before attempting either ankle site).





2). For femoral needle placement, the leg should be left in forward-facing position, but the 






caveat about position of the rescuer relative to the child is the same: the needle, when 






held in the dominant hand, should tend to point away from the knee.




b. Palpate landmarks carefully and memorize the optimal entry point.




1). Proximal site is located by first palpating the tibial tuberosity. (This is the 






protuberance on the front of the tibia where the patellar tendon attaches). The 






entrance site can then be located relative to the tibial tuberosity: it is 1-3 cm below and 






medial to the tibial tuberosity, a site where the tibia is flat and easily entered.





2). Distal tibial site is on the medial surface 1 cm above the superior margin of the medial 






malleolus (the inside "ankle bone").





3). The femoral entrance site is at the front of the femur just above the patella.




c. Prep area well with iodine prep and dry it afterward with a sterile gauze pad. Do not 





contaminate the site once it has been cleansed!



4. Fill one syringe with flush and attach it to a T-connector or other flexible connecting tubing. Flush 





the tubing and set the syringe and T-connector aside, keeping the tip sterile.



5. Insert needle.




a. Select needle of appropriate size for the patient.




b. Stabilize the leg (at a site distant from the entrance point) with the non-dominant hand.




c. Grasp needle with dominant hand (with obturator in place) with a grip such as would be 





used for a screwdriver; this is the most forceful grasp. (See Diagram C).




d. Insert the needle through the skin at the sterile site, advancing it until bone is reached.




e. Once periosteum has been encountered, direct the needle at an angle slightly away from the 





adjacent joint (see Diagram D) and advance vigorously. 





1). If a standard obturator needle is used, it should be rotated forcefully back and forth 






without rocking from side to side; the key to penetrating bone is to drill through it.





2). If a screw-type needle is used, it must be screwed in the direction of the thread.




f. When the needle "pops" into the marrow space, remove obturator (if there is one), attach a 





dry syringe, and attempt to aspirate marrow.




g. When marrow is obtained, disconnect syringe, saving bone marrow specimen for blood glucose 





determination, culture, type and cross, or other studies.




h. Fill the bone marrow needle hub with flush solution and then attach the T-connector 





to the hub. Flush via the T-connector to assure that infusion is possible.



6. Once satisfactory flushing is achieved, secure the needle.




a. An IO needle is usually quite securely held by the bone itself, but it is vulnerable because it 





protrudes and is easily bumped during the course of patient care or movement. A major part 





of protecting an IO needle is thus to keep caregivers from inadvertently knocking it out in 





the course of other care.




b. Use of a T-connector avoids direct traction on the needle whenever the stopcock is turned or 





medication syringes are changed. (Without such a device, inadvertent tugging on the needle 





during use is another sure way to dislodge it).




c. A needle with a "baffle" (e. g., Jamshidi) should have its baffle screwed down close to skin 





level, after which pieces of tape over the baffle base can be used to help hold it to the leg.




d. Some rescuers prefer to use a hemostat or other clamp to grip the needle at its entrance site; 





the hemostat itself is then taped to the child's leg.




e. Avoid packing the site in bulky dressing materials! (These are not only not necessary but may 





obscure an infiltrate until it is dangerously large).




f. Be prepared to restrain the child if he becomes alert while the needle remains in place.



7. Use needle as needed.




a. Any substance which can be given intravenously can be administered via an IO needle.




b. Dilute hypertonic, alkaline, or other irritating fluids; administer slowly if time permits.




c. Active pushing is more likely to be successful than infusion by gravity; this mandates close 





observation for development of a subcutaneous fluid collection.




d. Use the same sterile techniques and procedures for avoiding infusion of clots or bubbles as are 





customary with intravenous infusion.



8. Remove needle when satisfactory alternative access has been achieved (this may be 4 lumens elsewhere!)




a. Discontinuation of the needle may require some tugging, since the needle is usually securely 





seated in the bone.




b. Local pressure should be applied to the site once the needle has been removed.



9. Useful tips




a. If the needle fails to pass:





1). Reassess site: is the needle entrance site really correctly chosen and is the needle 






oriented correctly? (a perpendicular access route is the shortest through the bone; while 






true perpendicular is undesirable because of risk to the adjacent joint, too shallow a 






direction will result in a long distance through the cortex).





2). Rotate more vigorously, advancing forcefully while rotating; do not rock needle back and 






forth, as this will simply bend the needle (a bent needle is difficult to insert, and if it 






does reach the marrow cavity, the obturator cannot be removed and the needle will be 






useless anyway).





4). Try a larger, more rigid needle if bending of the needle remains a problem (most likely to 






be true in an older patient and at the proximal tibial or femoral site).





5). Try another site and needle or reassess need for bone marrow infusion.




b. If no marrow can be aspirated:





1). Causes






a). The needle may be plugged with bone fragments (unlikely if a needle with obturator 







is used) or clotted marrow.






b). The needle may be malpositioned (not in far enough, or too far so that the bevel is up 







against the posterior wall, or, in a small child, into or even through the posterior 







cortex).






c). The marrow may be unusually (or even pathologically) dense.





2). Solutions






a). Try a larger syringe in order to exert more force for aspirating possible clots.






b). Rotate the needle to see if a different bevel orientation will permit aspiration.






c). Replace the obturator and advance the needle further or pull it back and try again to 







aspirate (but note that if the posterior cortex has been perforated, a popliteal 







infiltrate may result from fluid leakage via the original hole).






d). Try to infuse fluid, watching for excessive resistance or local infiltrate.






e). Failing all else, remove the needle and try again at another site (use the other leg if 







possible in order to avoid leakage via the original hole).




c. If no fluid can be infused:





1). Causes






a). Needle has become occluded with clotted marrow (obstruction by bone fragments is 







unlikely if one has been able to aspirate marrow).






b). The needle has become dislodged since aspiration of marrow.






c). Pathological marrow is unlikely if one has been able to perform aspiration.





2). Solutions






a). Repeat aspiration, with increased force if necessary, to withdraw any clots.






b). Rotate the needle and attempt to infuse again.






c). Consider replacing the obturator and repositioning the needle, recognizing the risk of 







pushing in a small clot, producing an infiltrate, or causing infection.






d). Withdraw the needle and attempt to place it in the other tibia (this is safest).




d. If a noticeable subcutaneous or subperiosteal fluid collection develops:





1). Causes






a). The needle tip has become dislodged from the marrow.






b). Fluid is leaking from a previous hole (likely if the same tibial site is attempted 







more than once or if both ends of a relatively short tibia are accessed.






c). May also result if the posterior cortex has been penetrated or if the needle is 







inadvertently placed adjacent to a fracture site.






d). Fluid is leaking around the needle (this may result if the needle moved about the 







axis of insertion during placement, since this may enlarge the entrance hole).





2). Solution






a). Remove the needle and replace in another site if still needed.






b). Apply pressure to prevent continued leakage.






c). Watch carefully for signs of compartment syndrome.
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