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THE ROLE OF INTRAOSSEOUS VASCULAR ACCESS IN THE OUT-OF-HOSPITAL

ENVIRONMENT (RESOURCE DOCUMENT TO NAEMSP POSITION STATEMENT)
Raymond Fowler, MD, John V. Gallagher, MD, S. Marshal Isaacs, MD, Eric Ossman, MD,

Paul Pepe, MD, MPH, Marvin Wayne, MD

ABSTRACT

Thousands of critically ill emergency patients are treated in
the out-of-hospital setting in the United States every year. In
many patients intravenous (IV) therapy cannot be initiated
because of inadequate access to peripheral veins. In some
cases, this lack of vascular access may limit benefit of medica-
tions because of late administration.1 Both speed and overall
success of vascular access are important when evaluating po-
tential methodologies for their use in the out-of-hospital en-
vironment. Insertion of an IV cannula has been reported to re-
quire substantial time in the prehospital environment, with a
recent study reporting an average successful intravenous line
placement time of 4.4 ± 2.8 minutes.2 In critically ill pediatric
patients, vascular access may present substantial difficulties
to the provide.3 Intraosseous access may provide a significant
time saving which may benefit many critically ill patients,
both by decreasing the time to achieve access and by de-
creasing the time to administration of indicated medications.4

Achieving rapid administration of medications may facilitate
the care of critically ill patients.1 Devices are now available
that permit rapid, accurate access to the intraosseous space.
Recent changes in the American Heart Association’s resus-
citation guidelines state that the intraosseous route should
be the first alternative to difficult or delayed intravenous
access.5 With these considerations, the role of intraosseous
vascular access in the out-of-hospital environment should be
reemphasized.

PREHOSPITAL EMERGENCY CARE 2007;11:63–66

INTRODUCTION AND AVAILABLE
METHODOLOGIES

Intraosseous (IO) vascular access has a long history, dat-
ing back as far as the 1920s, when Drinker and Lund
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described the sternum as a potential site for
transfusions.6 Shortly afterward, Papper described ac-
cess to the marrow space for the use of intravenous
fluids.7 Further studies led to the intraosseous route
being successfully used by military medical personnel
during WWII to obtain vascular access in shock patients
for whom IV cannulation was difficult or delayed.8

After World War II, the use of IO access rapidly de-
clined. It was not until the 1980s that IO access made a
significant reappearance in the noncombat clinical envi-
ronment for the treatment of children.9,10 In 1988, based
on significant experimental and clinical experience, IO
access became a recommended standard therapy in the
American Heart Association Pediatric Advanced Life
Support (PALS) standards.11

Current technologies for introducing intraosseous
access use three distinct methodologies of nee-
dle placement—manual, impact-driven, and powered
drill. Most of the manually inserted needles and impact-
driven devices have been available for some time
(Illinois Sternal NeedleTM and JamshidiTM, Cardinal
Health Care; DieckmannTM from Cook Critical Care).
These devices include hollow steel needles with re-
movable trocars that prevent plugging of the needles
with bone fragments during insertion. Estimated time
for preparation and insertion varies from device to
device.

One form of impact-driven device is designed solely
for sternal access (FAST 1TM Intraosseous Infusion
System, PYNG Medical Corporation, Richmond, BC,
Canada). This device requires pressure to be applied to
a series of stabilizing probes on a spring-loaded pene-
trating needle. Further pressure triggers the release of
a hollow needle into the sternal medullary space. The
needle design prevents the operator from accidentally
penetrating through the sternum. Insertion is instanta-
neous upon releasing the spring, and intravenous tub-
ing is preconnected to the implanted needle. Minimum
training standards for its use in the prehospital arena
have been described.12 Estimated time for preparation
and insertion is 50 seconds.13 Removal of the needle re-
quires both a specific threaded tool provided with the
device and appropriate training in the technique of re-
moval.

A second impact-driven device (Bone Injection Gun,
WaisMed Ltd, West Hempstead, New York) uses a
spring-loaded injector mechanism to fire the IO needle
into the medullary space of the tibia. Estimated time
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for preparation and insertion is 17 seconds.13As with
the sternal IO device, investigators and practitioners
using this injection gun have recommended careful sta-
bilization of the device prior to and during insertion to
prevent inappropriate placement. Moreover, a poten-
tial exists for operator or patient injury if the device is
accidentally triggered or mistargeted.11

A recently available drill-based device (EZ IO, Vi-
daCare Corporation, San Antonio, TX) uses a handheld,
battery-powered device to drill an IO needle at an ap-
propriate depth into the intraosseous space. Insertion
requires less than 10 seconds, and removal of the device
is accomplished with a simple twisting motion.14

Although each device has strengths and limitations,
all IO devices that are commercially available achieve
rapid vascular access. Rates of ultimate success in at-
taining IO access vary among the devices, and no device
is successful on every attempt. The Medical Director of
an EMS agency should be involved in evaluating which
device best fits the needs of patients, providers, and the
budgetary considerations of the agencies.

SITES OF INSERTION

The site most often used for IO access in adults and
children is the proximal tibia, just medial and inferior
to the anterior tibial tuberosity. This area of the tibia has
a large and richly vascularized medullary space as well
as thinner and less dense cortical bone. Other insertion
sites in adults include the sternum and humeral head.
Site selection depends on the age and condition of the
patient, the training and experience of the operator, and
the FDA clearance status for the device(s). The proximal
end of the tibia has been the site most widely studied
and used in children.15 The distal tibia just proximal to
the medial malleolus is a useful alternative site as well.

TRAINING

Aseptic technique is required for insertion of all
intraosseous needles. For manual insertion devices,
strength may be needed to drive the trocar through
the cortex of the bone and into the marrow space. Fur-
thermore, in both the manually inserted and impact-
driven devices, training is important to ensure proper
placement.16 For all IO devices, when insertion is per-
formed in a conscious adult patient, administration of
lidocaine is recommended during both insertion (sub-
cutaneously prior to insertion) and into the marrow
space prior to initiating the infusion.17

Training paramedics in the technique of intraosseous
access has proven to be relatively easy.18 In most stud-
ies, a 1-hour lecture followed by 1 hour of hands-on
experience has been considered sufficient training.19

SUCCESS RATES

Successfully achieving intraosseous vascular access
is predicated upon the appropriate identification of

anatomical landmarks, the correct application of the
device, and the absence of factors preventing the reach-
ing of the marrow space, such as morbid obesity. One
study examining EMT-B students using a sternal access
device found that initial placement was as low as 55%,
although 93% were ultimately successful.12 A multicen-
ter trial of the EZ IO device showed a 97% success rate
of placement with fluid administration.14 Subsequebt
work by the same team found successful IO placement
of 94% by EMT-B providers utilizing the IO drill, all
on the first attempt.20 Another pediatric critical care
transport study noted a requirement of 1.2 intraosseous
vascular attempts per patient, with a first attempt suc-
cess rate of 78%.21 Finally, the wearing of chemical war-
fare protective garments by rescuers has been shown
to increase the requirement for second attempts at in-
traosseous access with the bone injection gun.22

CONSIDERATIONS, LIMITATIONS,
AND CONTRAINDICATIONS

In most instances, when vascular access is indicated,
intravenous access is the preferred route. However, if
an intravenous line cannot be rapidly placed, or if the
time required to place an intravenous line could com-
promise patient care, the intraosseous route should be
considered. In certain patients, IO access may not be
practical. For example, in obese patients the needles
may not be long enough to reach the bone marrow
space. Although combative patients may hinder vas-
cular access, such patients may benefit from IO place-
ment rather than IV access, because IO access requires
less precise placement.The need for ongoing chest com-
pressions may be a factor in determining the appropri-
ate IO site. Patients with lower extremity trauma or am-
putations present further challenges and may require
an alternative IO site.

General contraindications to IO placement include
fractures at or above the chosen IO site, previous
surgery involving the bone at the IO site, infection at
the insertion site, and local vascular compromise.

Specific contraindications depend on the chosen IO
site. Contraindications to sternal IO placement include
previous sternotomy, suspected sternal fractures, and
cardiac arrest with the need for chest compressions.
The 2005 AHA guidelines for CPR emphasize the im-
portance of uninterrupted chest compressions, and it
is likely that compressions cannot be continued dur-
ing placement of sternal IO access. Contraindications
to extremity IO sites include suspected fractures at or
above the chosen IO site on the affected extremity and
previous orthopedic surgical procedures in the area of
insertion (such as total knee replacement).

Achievable IO flow rates vary, depending on age and
anatomy of the patient, insertion site, and use of a pres-
sure pump. Flushing of the IO needle after insertion is
recommended to improve flow rate.13 In general, the
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volume of fluid given per unit time is similar to the
rate infused through a 21-gauge catheter.4 A high pres-
sure intraosseous infusion system has been previously
described.23

Pharmacokinetic studies have shown similar physi-
ological effects and serum drug levels when compar-
ing the intraosseous and intravenous routes.24Any cur-
rently approved medication or blood product that can
be infused intravenously can be safely infused via the
IO route. An exception to this may be the use of hy-
pertonic saline (HS) for small volume resuscitation in
hemorrhagic shock. Animal evidence has suggested po-
tential harm to the affected extremity following use of
HS in the tibial space.25 This clinical scenario requires
further study.

Very few complications have been reported in asso-
ciation with IO access.26 In more than 4,200 cases of
IO access in children, osteomyelitis occurred in only
0.6%, and usually only if the infusion continued for
a prolonged period or if the patient had bacteremia
at the time of insertion.3 In a prospective, 250-patient,
multicenter study of the powered drill device, no ob-
served cases of osteomyelitis, fat embolism, fracture, in-
fection, extravasation, or compartment syndrome were
found.14

Pain during both insertion and infusion under pres-
sure has been cited as a concern. In one study, pain dur-
ing IO infusion in conscious patients was measured on
a modified Visual Analog Scale. The average pain was
rated at 5 on a 1–10 severity scale.14 In another study
using the drill device in 125 conscious patients, the av-
erage pain score recorded was 1.2 on a five-point scale,
1 being lowest and 5 being greatest.27 The use of 1% li-
docaine injected into the marrow space over 60 seconds
has been shown to be effective in reducing pain during
infusion.17

Cost is a key consideration for emergency medical
services agencies in providing any element of patient
care. Although IO vascular access devices tend to be
more expensive than peripheral intravenous catheters,
this additional cost must be weighed against two fac-
tors: (1) the potential clinical difference that successful
line placement can make in both out-of-hospital and
emergency department patients and (2) the saving of
time to EMS agencies. Regardless, it is the responsibil-
ity of those providing out-of-hospital care to ensure that
patients are transported in the best possible condition.
As with all field treatment modalities, the economic im-
pact must be weighed carefully during the agency bud-
geting process.

MEDICAL OVERSIGHT

Medical oversight must authorize the use of in-
traosseous vascular access devices in EMS systems
and supervise their use through a quality review
program. Indications for the use of intraosseous ac-

cess should be established in medical protocols for
providers. Treatment protocols should be modified to
indicate where the application of intraosseous access
should be considered.28 Employment of the devices by
providers should be monitored, including their clin-
ically appropriate use, the success of administration,
and any reported complications including equipment
malfunction.

CONCLUSIONS

IO access has been long accepted into the resuscitation
armamentarium for children. Its documented historic
success for adult use has now had validation in the re-
cent history of resuscitative care. The advent of new de-
vices increases the options available for vascular access
through the IO route, particularly for adult patients.

With the considerations discussed herein, the authors
of this article believe that EMS medical directors should
examine the available technologies for IO access for all
age groups, considering a technology that meets the
tests of success rates, accuracy, speed, minimized er-
rors and complications, and both patient and provider
satisfaction.
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