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Overview

Obtaining rapid vascular access is an essential step in the resuscitation of critically 
ill patients. Peripheral or central intravenous access may be difficult to obtain in a 
timely manner in such patients, especially in children and neonates but also in 
adult patients, in whom the vessels may be constricted. Obtaining peripheral intra-
venous access is especially challenging when environmental conditions are unfa-
vorable (e.g., before a patient’s arrival at a hospital, during mass casualty events, or 
during military operations).1-3 Central intravenous access carries the risk of pneu-
mothorax and arterial injury and requires a high level of expertise; in most in-
stances, it is not possible to perform the procedure in a prehospital setting.1 The 
insertion of an intraosseous needle provides an alternative route for vascular access 
in these circumstances; it is also used after other approaches have failed. Although 
intraosseous needle insertion was originally performed in the resuscitation of pe-
diatric patients, it has gained acceptance for use in adults, especially since the ad-
vent of mechanical insertion devices.1,3-9 The video focuses on intraosseous inser-
tion in adult patients.

The most recent guidelines from the Advanced Cardiac Life Support Certifica-
tion Institute, published in 2010, recommend the intraosseous route over the en-
dotracheal route for the administration of fluids and medications in adult patients 
in whom intravascular access is not available.6 The primary advantages of the in-
traosseous route are speed of access and reliability.3

Indications

Intraosseous access is indicated for patients in whom there is an urgent need for 
vascular access in order to provide fluid resuscitation or medication delivery and in 
whom conventional venous access is not readily available. Cardiac arrest, shock, 
trauma, extensive burns, severe dehydration, and status epilepticus are possible 
clinical scenarios in which intraosseous access may be needed.2 Intraosseous ac-
cess has been used successfully for situations in which adverse environmental con-
ditions make it very difficult to obtain intravenous access (e.g., search-and-rescue 
and military operations).1,2 This technique is also useful when central venous ac-
cess is not feasible because of either lack of provider expertise or lack of equipment 
(e.g., in prehospital settings).1

Crystalloids, colloids, blood products, and many medications — including 
drugs used for resuscitation and vasopressor infusions — can be administered 
through the intraosseous route,3 and the doses are the same as those used when 
intravenous access has been established.6 In addition, in the critically ill patient, 
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a sample can be drawn from the intraosseous space for laboratory testing (e.g., 
blood typing, measurement of hemoglobin level, serum chemical analysis, and 
blood gas analysis). The blood gases from marrow samples are typically at an 
intermediate level between arterial and venous levels.10 Some discrepancies be-
tween intraosseous and venous samples have been found in alkaline phosphatase, 
lactate dehydrogenase, and hemoglobin levels. When intraosseous samples were 
collected after the infusion of fluids through the site and after 30 minutes of car-
diopulmonary resuscitation, hemoglobin levels were shown to be lower than the 
levels in the central circulation.11

Contraindications

Since intraosseous insertion is used only in emergencies, there are few contraindi-
cations to placement. Contraindications include ipsilateral fractures, previous at-
tempts at ipsilateral intraosseous access, local vascular injuries, cellulitis, and 
burns.2,3 Ipsilateral fracture or previous attempts at intraosseous access can lead to 
fluid extravasation and compartment syndrome and should thus be avoided.2,3 In-
traosseous insertion should be avoided in patients with a high risk of fracture (e.g., 
patients with osteogenesis imperfecta, severe or advanced osteoporosis, or coagu-
lopathies).2

Anatomy

The medullary cavity is a highly vascular structure that functions as a noncollaps-
ible vein capable of accepting a large volume of fluid and medications and rapidly 
delivering them to the central circulation (Fig. 1). The medullary venous sinusoids 
drain into a central venous channel, which exits the bone in the form of emissary 
and nutrient veins. The rate of infusion is limited by the size of the medullary cav-
ity and the diameter of the intraosseous needle.

Site Selection

A number of sites can be used for intraosseous needle insertion in an adult, such 
as the proximal tibia, the distal tibia, the humerus, the distal femur, the sternum, 
the calcaneus, and the styloid of the radius.1-3 When a mechanical insertion device 
is used, the anteromedial surface of the proximal tibia is the preferred site of inser-
tion because it is easy to locate, presents a flat and wide surface for insertion, and 
has minimal subcutaneous layers overlying the bone.3 In addition, this site has the 
benefit of being distant from the patient’s chest and thus will pose minimal inter-
ference with cardiopulmonary resuscitation. If it is not possible to obtain intraos-
seous access through the proximal tibia, the humeral head and distal tibia are al-
ternative sites.

If the intraosseous needle is inserted manually, the medial aspect of the distal 
tibia is the preferred site in adult patients because of its thin bone cortex and 
overlying tissue.2 A substantial amount of force and a large-bore needle are re-
quired to manually penetrate the bone.

The sternum is another alternative site.3 A specific mechanical system for in-
traosseous needle insertion system facilitates needle insertion with minimal risk 
of perforation or infection of mediastinal structures. Although the thin bone 
cortex makes this the easiest site for manual insertion in adults, it does carry a 
small risk of perforation of mediastinal structures and is thus not favored. Addi-
tional impediments to use include risk of dislodgement during cardiopulmonary 
resuscitation and interference with cardiopulmonary resuscitation. This technique 
is not described in the video.
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Figure 1. Drainage of the Medullary 
and Venous Sinusoids into the Central 
Venous Channel, with Penetration 
of the Intraosseous Needle into 
the Medullary Cavity.
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Preparation for Mechanical Insertion

The following items should be assembled in preparation for the drill-based inser-
tion: chlorhexidine or iodine solution for site preparation, sterile gloves, sterile 
towels for draping the site, a kit for mechanical device insertion, a 10-cc syringe for 
aspiration and infiltration, a solution of 1% lidocaine for analgesia if the patient is 
conscious, standard Luer-Lok tubing for the delivery of fluids or medication, a pres-
sure bag if large volumes of fluid need to be administered through the intraosseous 
system, and gauze and tape for securing the device.

In adults, the use of mechanical drill-assisted insertion devices facilitates in-
traosseous needle insertion, although manual insertion is also possible. Mechani-
cal devices developed for intraosseous access placement and approved by the Food 
and Drug Administration are the FAST-1 Intraosseous Infusion System (Pyng 
Medical) for sternal intraosseous access, the EZ-IO drill (Vidacare), and the Bone 
Injection Gun (Waismed).9 The use of a drill-assisted mechanical insertion device 
is described in the video.

Intraosseous Needle Insertion with a Mechanical Device

Obtaining intraosseous access is an emergency procedure. Consequently, it is rare-
ly possible to obtain informed consent before performing the procedure. If possi-
ble, explain the risks and benefits of the procedure to the patient or the next of kin; 
otherwise, proceed with insertion.

When a mechanical device is used, the proximal tibia is the preferred site in 
adults. Secondary sites are the distal tibia and the humeral head.

Position the patient’s leg in slight flexion by placing a rolled towel under the 
knee. Don sterile gloves, expose and clean the site with chlorhexidine or iodine 
solution, and then drape the site in a sterile fashion. If the patient is conscious, 
infiltrate the skin and subcutaneous tissues and the periosteum with 20 to 30 mg 
of 1% lidocaine.

Identify the tibial tuberosity. The desired insertion site is the flat medial surface 
of the tibia, medially one finger’s width away from the tibial tuberosity (Fig. 2). 
Stabilize the leg with your nondominant hand. Holding the drill in your dominant 
hand, position the needle tip at a 90-degree angle to the surface of the bone. Press 
and hold the trigger and gently guide the needle through the tissues, avoiding 
excess pressure. A sudden loss of resistance indicates that the needle has penetrat-
ed the cortex and has reached the medullary cavity.

Remove the stylet and connect the needle to a 10-cc syringe with standard 
Luer-Lok tubing. If the needle is correctly placed within the marrow cavity, it 
should be possible for it to stand upright without support. Aspiration of blood and 
marrow confirms adequate placement of the needle, but it is not always possible 
to aspirate marrow, even with adequate placement. Obtain confirmation of place-
ment by infusing a 10-cc bolus of saline solution through the syringe; the fluid 
should flow easily, with no resistance. If the fluid does not flow, select another 
insertion site.

After correct placement has been confirmed, the test syringe can be discon-
nected and the intraosseous needle can be connected to regular infusion tubing. 
Fluids can be infused by means of gravity, but infusing fluids through a pressure 
bag produces better flow rates. A pressure bag should be used in patients requir-
ing resuscitation, once you are certain that the needle has been correctly placed 
and is functioning. If the patient is conscious, anesthetize the marrow cavity by 
infusing 20 to 40 mg of 1% lidocaine before initiating the infusion. While infusing 
fluids, watch carefully for extravasation and increased calf circumference. The 
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Figure 2. The Desired Site for Mechani-
cal Intraosseous Needle Insertion.

The ideal mechanical insertion site 
is the flat medial surface of the tibia, 
medially one finger’s width away from 
the tibial tuberosity.
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needle and tubing should be secured to the leg with tape, and the leg should be 
immobilized to prevent dislodgement of the needle.

To remove the catheter, disconnect the intravenous tubing and attach a sterile 
syringe to the hub. Stabilize the leg, and gently pull back while rotating the needle 
clockwise.

Preparation for Manual Insertion

The following items should be assembled in preparation for the manual insertion 
of an intraosseous needle: chlorhexidine or iodine solution for site preparation, 
sterile gloves, sterile towels for draping the site, an intraosseous needle, a 10-cc 
syringe for aspiration and infiltration, a solution of 1% lidocaine for analgesia if the 
patient is conscious, standard Luer-Lok tubing for the delivery of fluids or medica-
tion, a pressure bag if large volumes of fluid need to be administered through the 
intraosseous system, and gauze and tape for securing the device.

Several different types of needles can be used in manual intraosseous insertion. 
They all have in common the presence of a stylet, which improves the likelihood 
of cortical penetration and prevents plugging of the needle cavity with bone spic-
ules during insertion.12 They range in size from 13-gauge to 20-gauge and have 
variable lengths and handle types. A depth marker or an adjustable sleeve allows 
for better control of penetration depth. A shorter shaft and a smaller handle are 
desirable features, since they allow for better control.2

Manual Intraosseous Needle Insertion

The preferred site for manual insertion in adults is the medial aspect of the distal 
tibia, just proximal to the medial malleolus (Fig. 3). Position the leg so that it is in 
slight flexion and externally rotated at the hip. As described earlier for mechanical 
insertion, use sterile technique and appropriate analgesia. Stabilize the leg with the 
nondominant hand. Hold the needle in the palm of the dominant hand and posi-
tion it at a 90-degree angle to the long axis of the bone. Advance the needle through 
the bony cortex with a twisting or rotating motion and steady pressure; you will 
encounter a great deal of resistance.

A sudden loss of resistance indicates that the needle has penetrated the cortex 
and reached the medullary cavity. Remove the stylet and connect a 5-cc or 10-cc 
syringe to the needle. Obtain confirmation of placement by infusing a 10-cc bolus 
of saline solution through the syringe; the fluid should flow easily, with no resis-
tance. If the fluid does not flow easily, the needle can be repositioned by pulling 
back slightly, but if further resistance is encountered, the needle should be re-
moved and a new site selected. You can avoid through-and-through penetration of 
the bone by using the depth markings on the needle and by placing the index 
finger about 1 cm from the bevel of the needle. Secure the needle with bulky gauze 
dressing and tape.

Complications

Complications can occur during the course of the procedure or even after success-
ful placement of the intraosseous needle. Notable morbidity has been quoted at less 
than 1% for all occurrences combined.4 The most common complication of intraos-
seous needle insertion is fluid extravasation resulting from through-and-through 
penetration of the bone or from incomplete insertion of the needle. If extravasation 
occurs, the needle should be removed and pressure should be applied to the site. 
Compartment syndrome is a rare but possible complication of fluid extravasation 
that may occur when a needle has been placed incorrectly. Bone spicules may cause 
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Figure 3. The Desired Site for Manual 
Intraosseous Needle Insertion.

The preferred site for manual inser-
tion in adults is the medial aspect of 
the distal tibia, just proximal to the 
medial malleolus.
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blockage of the needle; to prevent blockage, the line should be flushed with 3 to  
5 cc of saline every 15 minutes.

Other complications during insertion include subcutaneous or subperiosteal 
infiltration due to incomplete insertion. Fracture of the long bones has also been 
reported after intraosseous needle insertion; the risk increases if the patient has a 
disorder associated with a predisposition to bone fragility.4 Dislodgement of the 
needle and infiltration of large amounts of fluid in the interstitial space may lead 
to compartment syndrome.

Despite adequate placement of the needle, the following complications may also 
occur: infection (cellulitis or osteomyelitis), fat embolus (reported in animal mod-
els but not of clinical significance), local hematoma, pain, and compartment 
syndrome.4,13 The reported rate of infection is lower than 3%, and a large litera-
ture review indicates that the incidence of procedure-related osteomyelitis is 
0.6%.14 Local inflammation of the bone or necrosis of the skin at the insertion 
site may also occur; it is more common when hypertonic or sclerosing agents are 
infiltrated.2

Summary

Intraosseous needle insertion is used as a temporary measure when intravascular 
access cannot be achieved through peripheral or central venous routes. The intra
osseous needle may remain in situ for 72 to 96 hours, but it is best removed 
within 6 to 12 hours, as soon as an alternative site of intravascular access has been 
established. The intraosseous route provides fast and reliable vascular access in 
emergency medical situations. The use of the appropriate technique will ensure that 
the procedure is performed as safely and effectively as possible.

No potential conflict of interest relevant to this article was reported.
Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.

e35(5)

References
1.	 Schwartz D, Amir L, Dichter R, Figen-
berg Z. The use of a powered device for 
intraosseous drug and fluid administra-
tion in a national EMS: a 4-year experience. 
J Trauma 2008;64:650-4.
2.	 Stanley R. Intraosseous infusion. In: 
Roberts JR, Hedges JR, Chanmugam AS, 
Chudnofsky CR, Custalow CB, Dronen SC, 
eds. Clinical procedures in emergency 
medicine. 4th ed. Philadelphia: Saunders, 
2004:475-85.
3.	 Fowler R, Gallagher JV, Isaacs SM, 
Ossman E, Pepe P, Wayne M. The role of 
intraosseous vascular access in the out-of-
hospital environment (resource document 
to NAEMSP position statement). Prehosp 
Emerg Care 2007;11:63-6.
4.	 Blumberg SM, Gorn M, Crain EF. In-
traosseous infusion: a review of methods 
and novel devices. Pediatr Emerg Care 
2008;24:50-6.
5.	 Horton MA, Beamer C. Powered intra
osseous insertion provides safe and effec-
tive vascular access for pediatric emergen-
cy patients. Pediatr Emerg Care 2008;24: 
347-50.
6.	 Neumar RW, Otto CW, Link MS, et al. 
Part 8: adult advanced cardiovascular life 
support — 2010 American Heart Associa-
tion guidelines for cardiopulmonary re-
suscitation and emergency cardiovascular 
care science. Circulation 2010;122:Suppl 3: 
S729-S767.
7.	 Davidoff J, Fowler R, Gordon D, et al. 
Clinical evaluation of a novel intraosseous 
device for adults: prospective, 250-patient, 
multi-center trial. JEMS 2005;30:Suppl:20-3.
8.	 Olaussen A, Williams B. Intraosseous 
access in the prehospital setting: literature 
review. Prehosp Disaster Med 2012;27:468-
72.
9.	 Leidel BA, Kirchhoff C, Braunstein V, 
Bogner V, Biberthaler P, Kanz KG. Compari-
son of two intraosseous access devices in 
adult patients under resuscitation in the 
emergency department: a prospective, ran-
domized study. Resuscitation 2010;81:994-9.
10.	 Orlowski JP, Porembka DT, Gallagher 
JM, Van Lente F. The bone marrow as a 
source of laboratory studies. Ann Emerg 
Med 1989;18:1348-51.
11.	 Johnson L, Kissoon N, Fiallos M, Ab-
delmoneim T, Murphy S. Use of intraosse-
ous blood to assess blood chemistries and 
hemoglobin during cardiopulmonary re-
suscitation with drug infusions. Crit Care 
Med 1999;27:1147-52.
12.	 Orlowski JP. Emergency alternatives to 
intravenous access: intraosseous, intratra-
cheal, sublingual, and other-site drug ad-
ministration. Pediatr Clin North Am 1994; 
41:1183-99.
13.	 Buck ML, Wiggins BS, Sesler JM. Intra
osseous drug administration in children and 
adults during cardiopulmonary resuscita-
tion. Ann Pharmacother 2007;41:1679-86.
14.	 Rosetti VA, Thompson BM, Miller J, 
Mateer JR, Aprahamian C. Intraosseous 
infusion: an alternative route of pediatric 
intravascular access. Ann Emerg Med 1985; 
14:885-8.
Copyright © 2014 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on June 11, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 


