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Vascular Access in Resuscitation

Is There a Role for the Intraosseous Route?
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ABSTRACT

Intraosseous vascular access is a time-tested procedure which has been incorporated into the 2010 American Heart Associa-
tion Guidelines for Cardiopulmonary Resuscitation. Intravenous access is often difficult to achieve in shock patients, and
central line placement can be time consuming. Intraosseous vascular access, however, can be achieved quickly with minimal
disruption of chest compressions. Newer insertion devices are easy to use, making the intraosseous route an attractive alterna-
tive for venous access during a resuscitation event. It is critical that anesthesiologists, who are often at the forefront of patient
resuscitation, understand how to properly use this potentially life-saving procedure. (AnNesTHESIOLOGY 20145 120:1015-31)

STABLISHING vascular access is a critical compo-

nent of resuscitation during a cardiac arrest. The 2010
American Heart Association (AHA) Guidelines for Car-
diopulmonary Resuscitation (CPR) and Emergency Car-
diovascular Care emphasize drug administration during
cardiac arrest is of secondary importance to high-quality
CPR and that interruptions in CPR should be minimized
while obtaining intravenous access.! Interruptions in CPR
decrease coronary perfusion pressure which requires a “re-
building” period when chest compressions are resumed.’
Vascular access, however, is still a critical component of
resuscitation. A randomized, double-blinded study examin-
ing prehospital ventricular fibrillation (VF) demonstrated
decreased survival rates from arrest to hospital admission
when amiodarone administration was delayed.? In addi-
tion, a swine model has shown that the time from arrest to
drug administration is an independent predictor of return
of spontaneous circulation.? Given these data, it is clear that
the benefits of early vascular access must be considered in
conjunction with the importance of uninterrupted CPR.
Intraosseous access can be obtained quickly with minimal
or no disruption of CPR. As a result, the AHA has proposed
providers establish intraosseous access if an intravenous line
is not easily obtainable.! Similarly, the International Liaison
Committee on Resuscitation, as well as the European Resus-
citation Counsel, both advocate intraosseous over central
venous or endotracheal drug administration if intravenous

access cannot be achieved quickly in an emergency.’ This
review aims to examine the literature regarding intraosseous
vascular access in the setting of resuscitation, as well as to
provide a framework for incorporating the technique into
the practice of clinical anesthesia.

Materials and Methods

To answer the question posed, a systematic review was con-
ducted using the PubMed and Ovid Medline databases
through August 1, 2013. The primary aim was to determine
whether there is a role for intraosseous vascular access in the
resuscitation of critically ill patients. Secondary aims were to
investigate the evidence regarding clinical use, drug admin-
istration, and complications of intraosseous access. The key
MeSH terms included: “Infusions, Intraosseous”; “Anesthe-
siology”; “Critical Care”; “Tibia”; “Advanced Cardiac Life
Support”; “American Heart Association”; “Cardiopulmonary
Resuscitation”; “Emergency Medical Services”; “Resuscitation/
Methods”; “Infusions, Intravenous”; “Catheterization, Cen-
tral Venous”; “Femoral Vein”; “Sternum”; “Out-of-Hospital
Cardiac Arrest”; “Blood Transfusion, Autologous”; “Colloids”;
“Hetastarch/Administration and Dosage”; “Bone Marrow/
Blood supply”; “Compartment Syndromes”; and “Embolism,
Fat.” The search was expanded by assessing the reference lists
for all retrieved literature. Individual studies were assessed for
risk of bias or commercial influence. Only English-language
full-text articles published in peer-reviewed journals were
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Table 1. Levels of Evidence
Grade of

Level Type of Evidence Recommendation

| Large randomized trials with clear A
results

1l Small randomized trials with uncer- B
tain results

1l Nonrandomized cohort/case C
controls

\ Nonrandomized historical controls C

\Y Case series (no controls) C

Levels of evidence assigned to studies as adapted, with permission, from
Sackett. Chest 1989; 95(2 suppl):25-4.% Adaptations are themselves works
protected by copyright. So in order to publish this adaptation, authoriza-
tion must be obtained both from the owner of the copyright in the original
work and from the owner of copyright in the translation or adaptation.

considered. The following inclusion criteria were applied to
all studies involved in the clinical use analysis: (1) prospective
studies (level of evidence III or higher); (2) focus on insertion
success and/or insertion speed; and (3) reporting of complica-
tions. Studies were assigned a level of evidence based on Sack-
ett criteria (table 1).° One study was excluded over concerns
for commercial bias (investigators received free needles and
included a manufacturer in the acknowledgments).” Another
study was excluded as the authors had previously published
the same data (original study was used).® On the basis of these
criteria, a total of 18 studies were included.

History

The principles of intraosseous access were first popularized
in 1922 by Cecil K. Drinker, M.D. (1887-1956; Professor,
Department of Physiology, Harvard Medical School, Boston,
Massachusetts), an anatomist who studied hematopoiesis.
He postulated that the capillaries of the marrow cavity could
be used as an entry point to systemic circulation.” This idea
was revisited in the 1940s by Leandro M. Tocantins, M.D.
(1901-1963; Professor, Department of Medicine, Jefferson
Medical College, Philadelphia, Pennsylvania), who conducted
a series of experiments on rabbits for examining intraosseous
infusions. He first modeled a hemorrhagic state by aspirating
blood from rabbits. The next day, fresh blood was transfused
via an intraosseous line. Six of seven rabbits had a return to
baseline hemoglobin level (one died from complications of the
original phlebotomy).!® Next, he corrected insulin-induced
hypoglycemic seizures in rabbits with intraosseous dextrose
infusions.'® In addition, he demonstrated that Congo Red dye
injected into the marrow cavity of the tibia reached the heart
within 10 s.'° Tocantins also reported a case series of success-
ful intraosseous infusions of blood and saline in nine pediatric
patients with “impossible” intravenous access.'!

The field of anesthesiology first crossed paths with the con-
cept of intraosseous infusions thanks to the work by Emanuel
Papper, M.D., Ph.D. (1915-2002; Professor, Department
of Anesthesiology, Columbia-Presbyterian Medical Center,
New York, New York). In a study published in AnesthesioLocy
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in 1942, he demonstrated that the circulation time for fluids
administered via intravenous and sternal intraosseous routes
was nearly identical.’> In a series of seven patients, Papper
injected 2% sodium cyanide via the antecubital vein as well
as the sternal intraosseous route and measured the cyanide
circulation time to the throat, abdomen, and perineum. Ster-
nal intraosseous injections had an average time to endpoint of
11.4 s, whereas venous injections had an average time of 15.5
s.12 Papper!? also described the administration of sodium
pentothal in a surgical patient and concluded that it is “pos-
sible to administer anesthetic drugs ordinarily given by vein
into the sternal marrow with the production of anesthesia in
therapeutic doses and toxic manifestations in overdose.”
World War II provided an opportunity for wide-spread appli-
cation of the intraosseous technique. Hamilton Bailey, ER.C.S,,
EA.CS. (1894-1961; Emeritus Surgeon, Royal Northern
Hospital, London, United Kingdom), noted that the sternal
intraosseous route could be effectively used even in black-out
conditions.'® He developed a special trocar to prevent the needle
from penetrating the back wall of the sternum and injuring the
heart. As a result, sternal intraosseous needles were included in
emergency medical supply kits during World War IL.' As mili-
tary medical personal returned home after the war, the practice of
intraosseous infusion was largely forgotten. This can be explained
by both the development of better plastic intravenous catheters
and the absence of formal paramedics groups. The concept of
intraosseous access was “re-discovered” in the early 1980s by
James P. Orlowski, M.D. (Department of Pediatrics, Cleveland
Clinic Foundation, Cleveland, Ohio). Orlowski, a pediatrician,
visited India during a cholera epidemic and observed intraosse-
ous infusions saving the lives of severely dehydrated children. He
subsequently published an editorial entitled “My kingdom for
an intravenous line” which helped lead to the incorporation of
intraosseous access into Pediatric Advanced Life Support.!®

Anatomy and Physiology

Peripheral veins can collapse in a state of hemorrhage or dehy-
dradion. The intraosseous space, however, is a noncollapsible
entry point into the systemic circulation. A vast central sinus,
composed of distensible endothelium, runs in the middle of
the diaphysis. This sinus can distend to accommodate a five-
fold increase in volume.'® Blood vessels of the intraosseous
space are connected to the systemic circulation by a series of
longitudinal Haversian canals containing a small artery and
vein. The Haversian canals are linked to a system of Volkmann
canals which penetrate the cortex and terminate in connec-
tions with the osseous venous drainage. The proximal tibia, a
common site of intraosseous insertion, ultimately drains to the
popliteal vein. The distal tibia drains to the saphenous vein,
whereas the proximal humerus connects with the axillary vein.

The mean blood pressure in the medullary space is
approximately 20 to 30 mmHg, or approximately one third
of systemic mean pressure.!” Therefore, fluid administra-
tion often requires a pressure bag to achieve optimal flow
rates. Depending on the infusion characteristics and clinical
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scenario, it will likely be necessary to augment the infusion rates
of intraosseous lines with a pressure bag or rapid infusion device.
Flow rates can also be influenced by hypoxia, hypercarbia,
and acidosis (often present during resuscitation) leading to
local vasodilation and increased intraosseous blood flow.

Opportunities of the Intraosseous Route,
Insertion, and Devices

Insertion Speed

The 2010 AHA guidelines state that “iz is reasonable for pro-
viders to establish intraosseous access if intravenous access is not
readily available.”" This recommendation is in part due to
several studies'®??* demonstrating that intraosseous access
can be achieved quickly and effectively in a variety of clinical
settings. One trial examining 60 dehydrated children (aged
from 3 months to 2 yr) found a 5-min success rate of 100%
for intraosseous insertion wversus just 67% success for periph-
eral intravenous catheter placement.'® A prospective study
of adult patients (medical and trauma patients in the emer-
gency department setting) compared intraosseous cannula-
tion with central venous access in patients with “impossible”
intravenous access. Intraosseous access was achieved on the
first attempt 90% of the time versus just a 60% first-attempt
success rate for central line placement.! In addition, intraos-
seous cannulation took significantly less time than central
line placement (intraosseous: 2.3+0.8 min vs. central line:
9.9+3.7min; P < 0.001)." A prospective simulation study
examining intraosseous insertion in the prehospital setting
found that access could be established in less than 1min
84.8% of the time, even in an ambulance traveling 35 mph
speed with sudden starting and stopping.?

Establishing peripheral venous access in a prehospital set-
ting can be challenging. Prehospital success rates vary from
43 t0 91%.!821:23:24 A retrospective chart review of 641 adult
patients with attempted intravenous catheter placement in
a moving ambulance found a success rate of just 80%.%
Intraosseous cannulation has been shown to be rapid and
effective specifically in the setting of prehospital cardiac
arrest. In a randomized trial of 182 patients receiving vas-
cular access for nontraumatic cardiac arrest, tibial intraos-
seous access was achieved on the first attempt 91% of the
time as compared with just a 43% first-attempt success rate
for peripheral venous access.?! In another trial, emergency
medicine residents treating cardiac arrest in a high-fidelity
simulator placed intraosseous lines significantly faster than
central lines (intraosseous: 49.0 s wvs. central: 194.6 s).?
When considered collectively, these studies indicate that
intraosseous access can be achieved faster and with fewer
attempts in critical situations.

Obtaining access quickly in cardiac arrest can have a sub-
stantial impact on outcome. In a prospective study, 30 swine

* The Joint Commission: National Patient Safety Goals effective
January 1, 2013. Available at: http://www.jointcommission.org/
assets/1/18/NPSG_Chapter_Jan2013_HAP.pdf. Accessed May 1,
2013.
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in VF were randomized to receive epinephrine (intravenous
or intraosseous) or placebo.?” To simulate realistic scenarios
of successful vascular access, intraosseous epinephrine was
administered 1 min after onset of CPR, whereas intrave-
nous epinephrine was administered after an 8-min delay.
At equivalent doses, early intraosseous epinephrine admin-
istration resulted in a shorter time to return of spontaneous
circulation, decreased total defibrillation energy, and better
24-h survival than delayed intravenous epinephrine.?> These
results are consistent with another swine model of VF which
concluded that early intraosseous epinephrine resulted in
decreased time to return of spontaneous circulation, faster
termination of VE and better 20-min survival.2¢

Historically, resuscitation drugs have been administered
via an endotracheal tube in instances where intravenous
access cannot be obtained. However, resuscitation drugs
administered via the trachea have lower peak plasma con-
centrations compared with the peak plasma concentrations
of the same drugs given intravenously.”” Therefore, the 2010
AHA guidelines stipulate that endotracheal administration
of resuscitation drugs should only be considered if attempts
at both intravenous and intraosseous access have failed.!

Infection Risk

It is difficult to directly compare the infectious risk of central
venous catheters and intraosseous lines placed during a resus-
citation event as there are no head-to-head studies in this
setting. In most instances, central lines are left in place for
extended periods of time, whereas intraosseous lines gener-
ally serve as a short-term means of vascular access. The infec-
tion risks of these routes independently have been described.
A recent meta-analysis of central venous catheters found no
significant difference in the risk of catheter-related blood-
stream infections between the femoral and internal jugular
sites (risk ratio, 1.35;95% CI, 0.84-2.19; P=0.2; /= 0%).%8
Despite these findings, the 2013 Joint Commission National
Patient Safety Goals state that providers should “NOT insert
catheters into the femoral veins unless other sites are unavail-
able”* Central venous access during code situations is often
obtained with suboptimal sterile technique and without the
use of proper barrier precautions. In a retrospective review
of adult trauma patients (emergency department, operating
room, and intensive care settings), 25 of 35 (71%) diagnosed
central line—associated blood stream infections occurred in
patients with known breaches in sterile technique.?”

The use of intraosseous access in an emergency setting
allows clinicians to avoid placing femoral lines and obviates
the potential for improper barrier precautions and less than
ideal sterile technique. A meta-analysis examining 30 studies
and 4,270 patients concluded that there was a 0.6% incidence
rate of osteomyelitis attributed to intraosseous cannulation.*
Most infections occurred during prolonged infusions or in situ-
ations of concurrent bacteremia at the time of insertion.*® This
dated meta-analysis was conducted before the advent of inser-
tion-assist devices and looked only at manual needle insertion.
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A more recent prospective, randomized trial involving the
EZ-10® (Vidacare Corporation, San Antonio, TX) and Bone
Injection Gun (BIG®; Waismed, Houston, TX) intraosseous
insertion devices in adult patients was conducted in an emer-
gency department resuscitation setting. In this study, zero infec-
tions were reported in 40 patients receiving intraosseous lines
with one of the two devices.>! Similarly, two prospective studies
of 60 (adult) and 30 (25 adult and 5 pediatric cardiac arrest
patients) intraosseous insertions using the EZ-IO® device, both
reported no cases of infection.’*3® Larger studies, including
direct comparisons of central and intraosseous lines placed dur-
ing resuscitation, represent an area of future research.

Drug Delivery

Intraosseous access is equivalent to intravenous access in terms
of functionality and drug delivery. This was demonstrated by
Papper'? in 1942 and has subsequently been verified in other
studies. Orlowski used a canine model to examine peak effect
and serum concentrations of commonly used emergency
drugs. He demonstrated equivalency of the intraosseous route
to peripheral and central venous drug administration for epi-
nephrine, sodium bicarbonate, calcium chloride, hydroxy-
ethyl starch, and normal saline.** A prospective, randomized,
crossover pharmacokinetic study was conducted to compare
the bioequivalence of morphine administered by intraosseous
and intravenous routes in adult patients with cancer (nonre-
suscitation setting). Each patient had both an intravenous
and intraosseous line and was randomized to receive 5mg of
morphine via one route, followed by 5 mg of morphine by the
other route 24h later. No statistically significant differences
were observed between the intravenous and intraosseous routes
in calculated pharmacokinetic data including peak concentra-
tion and time to peak concentration.> Another study used a
swine model of VF to demonstrate intraosseous epinephrine
administered during CPR is rapidly transported to the central
circulation and results in a dose-dependent increase in mean
arterial blood pressure.’® More recently, the pharmacokinet-
ics of intraosseous drug delivery has been compared with
central venous drug delivery. A “double dye tracer technique”
was used in a swine cardiac arrest model to compare simulta-
neous epinephrine injections in the sternum and tibia. Peak
plasma concentrations were achieved faster with the sternal
route than the tibia route (sternal: 53+ 11 s s. tibia: 107 +27 s;
P =0.03).” The time to peak blood concentration was simi-
lar for both routes (sternal: 97+17 s vs. central: 70+12 s;
P =0.17).% The authors concluded that intraosseous adminis-
tration of medications through both the sternum and tibia are
effective during CPR in anesthetized swine, but the sternal route
results in faster uptake.”” As per the 2010 AHA guidelines, all
Advanced Cardiac Life Support medications are administered
at the same doses regardless of route.! A summary of available
clinical data showing intraosseous medication dosing in adult
and pediatric patients is presented in table 2.1:11:30:34.35.38-59

Anesthesiology 2014; 120:1015-31 1018

A Review of Intraosseous Access in Resuscitation

Volume Resuscitation

Both the intraosseous and intravenous routes also offer equiv-
alent delivery of resuscitative fluid. The safety and efficacy of
intraosseous packed erythrocyte transfusion are well docu-
mented. A prospective study (swine model) demonstrated
that radiolabeled erythrocytes administered viz the intraosse-
ous route were rapidly delivered to systemic circulation (30 s
to 1 min).® The safety of intraosseous blood transfusion was
shown in a randomized, controlled, blinded swine study. Phle-
botomized animals received a transfusion by either an intrave-
nous catheter or an intraosseous line. In both groups, blood
pressure returned to baseline values within 15 min, and labo-
ratory studies assessing for disseminated intravascular coagula-
tion were negative.61 In addition, there was no evidence of fat
embolism or inflammation on pathologic examination of the
lungs or kidneys in the intraosseous group.®! Crystalloids and
colloids have also been effectively administered through the
intraosseous route. An analysis of hydroxyethyl starch phar-
macokinetics demonstrated no significant difference between
intravenous and intraosseous administration in hypovolemic
swine.®? Crystalloid infusion iz the intraosseous route has
been demonstrated to be as effective as the central or periph-
eral route in treating hemorrhagic shock in a swine model.*®

Diagnostic Studies

The intraosseous medullary space can also serve as a source
of blood for laboratory analysis. The initial aspirate after
intraosseous line placement can be used for routine labora-
tory tests after wasting 2 ml of the marrow/blood mixture.*t
In a study involving human volunteers, blood samples were
drawn simultaneously from both a peripheral vein and the
intraosseous space. Analysis revealed a significant correlation
between venous and intraosseous samples for hemoglobin,
hematocrit, glucose, blood urea nitrogen, and creatinine.
Carbon dioxide and platelet measurements may be lower in
intraosseous samples, whereas the leukocyte count may be
higher.** Blood gas measurements from intraosseous blood
are “intermediate” between arterial and venous blood gases,
suggesting intraosseous samples correspond with arterialized
capillary blood samples.®> Intraosseous blood samples can
also be used to obtain a reliable type and cross. A prospec-
tive study comparing simultaneous intraosseous and venous
blood draws in humans found no difference in the accuracy
of ABO and Rh typing.®® Laboratory values from an intraos-
seous line may not be accurate after a sustained infusion.>?
Given these data, it is evident that blood samples drawn
immediately after intraosseous cannulation can provide accu-
rate laboratory and blood bank data to aid in resuscitation.

Cost Effectiveness

A multicenter, observational study compared the costs of
central venous catheter insertion with the cost of intraos-
seous insertion in unstable patients presenting to the
emergency department. A total of 105 patients received
intraosseous access (85% were “medical” patients and 53%
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Table 2. Resuscitative Medications and Fluids via the Intraosseous Route
Maximum Reported Adult (A)/
Therapy Intraosseous Dose Pediatric (P) Comments/Limitations
Medications
Adenosine38-40 0.05-0.25mg/kg P Mixed effectiveness in case reports
Amiodarone’#! 300 mg A ACLS: same dose intraosseous/intravenous
Atropine’42-44 A: 3mg (total) A/P Division/interval of doses not specified
P: 5 ng/kg ACLS: same dose intraosseous/intravenous
Bretylium** Not specified A/P Prehospital use reported
Calcium chloride3*44-47 Not specified A/P “Safe use” reported without details
Cisatracurium46 Not specified Not specified “Safe use” reported without details
Dextrose (10-50%)3+3844.48-50 Not specified A/P Reports of soft-tissue injury with extravasation of hyper-
tonic solutions
Dobutamine?8:53.54 10 pg kg™ min-" P Physiologic response in 6 month old
Dopamine38:4853,54 P: 10 pg kg™ min-' A/P Adult dose not reported
Epinephrine?344244.55 A: 1mg A/P ACLS: same dose intraosseous/intravenous
A: 0.02 pg kg™" min-" Soft-tissue necrosis reported with extravasation
P: 10 ng/kg
Etomidate*® Not specified Not specified “Safe use” reported without details
Fentanyl#248 Not specified A “Safe use” reported without details
Heparin#151.52 3,000 U A/P Used in acute myocardial infarction
Insulin#551 Not specified A/P “Safe use” reported without details
Lidocaine30:4448 Not specified A/P “Safe use” reported without details
Morphing®54547 Not specified A/P “Safe use” reported without details
Naloxone38-44.48 Not specified A/P “Safe use” reported without details
Norepinephrine*8:5% Not specified A Soft-tissue necrosis reported with extravasation
Phenytoin3845.47:48.56 17mg/kg P Potentially delayed peak plasma levels
Propofol*3 P: 2mg/kg A/P Used in 8-month-old patient weighing 5.4 kg
Rocuronium?® Not specified A Multiple reports of unspecified “muscle relaxants”
Sodium bicarbonate3®#4445.55 Not specified A/P Tissue necrosis reported with extravasation
Succinylcholing3845:47.48 Not specified A/P Multiple reports of unspecified “muscle relaxants” and
rapid sequence inductions
Tenecteplase*'42 7,000 U A Successful fibrinolytic therapy (myocardial ischemia and
pulmonary embolism)
Vasopressin™4® 40 units A ACLS: same dose intraosseous/intravenous
Vecuronium?#2:45:47.48 0.1 mg/kg A/P Multiple reports of unspecified “muscle relaxants”
Resuscitative fluid
Albumin®° 26-42ml/kg P Used in 41-day-old patient weighing 1,950 g
Fresh-frozen plasma30>! Not specified A/P “Safe use” reported without details
Hypertonic saling%85° Not specified A Tissue necrosis reported with extravasation
Lactated Ringer’s solution4%356  P: 60 ml/kg A/P Pediatric dosing in burn patients
Normal saling!1:3842.51,53 Not specified A/P Multiple reports of “safe” infusion
Packed erythrocytes!:3847.57 P: 10ml/kg A/P Case reports ages 5 months and older

A summary of commonly used resuscitation medications administered via the intraosseous route in humans. Where possible, reported dosing, patient

population (adult vs. pediatric), and limitations have been specified.
ACLS = advanced cardiac life support.

presented with cardiac or respiratory arrest), and costs were
compared with published central line data. Cost savings of
intraosseous placement over of central venous access were
found to be $195 per procedure.”” However, this study has
limitations that must be considered. It focused only on ini-
tial insertion costs in the emergency department and did not
address issues such as daily central line maintenance costs
or the percentage of patients in the intraosseous group who
eventually received central lines during their hospital admis-
sion. The percentage of patients who later require central
access has not been studied and must be determined before
true conclusions of “overall” cost effectiveness can be made.

Anesthesiology 2014; 120:1015-31 1019

Insertion Sites

Early pioneers of intraosseous access tended to focus on the
sternum as the preferred insertion site. The sternum offers
easy accessibility and close proximity to the central venous
circulation via the mammary veins. Time to peak blood con-
centration of epinephrine injected through a sternal intraos-
seous needle is similar to epinephrine injected through a
central line (intraosseous: 97 +17 s vs. central: 70+12s) in a
swine model of cardiac arrest.”” In the same study, the sternal
intraosseous site achieved peak arterial epinephrine concen-
trations significantly faster than the tibial intraosseous site
(sternum: 53+11 s wvs. tibial: 107+27 s; P = 0.3).>” There
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are, however, several disadvantages of the sternal site. Chest
compressions must be briefly interrupted during insertion. It
also carries the risk of inadvertently puncturing the heart or
great vessels. Pediatric patients are more susceptible to injury
from sternal intraosseous insertion due to the proximity to
the great vessels and the small size of the marrow cavity (with
subsequent poor flow). As a result, the FAST1® (Pyng Medi-
cal Corporation, Richmond, British Columbia, Canada) ster-
nal insertion device is not approved for patients less than 12
yr of age.

Although the sternal site is of important historical sig-
nificance, most providers favor the proximal tibial site. In
a survey of emergency-room physicians, 84% selected the
proximal tibia as their preferred insertion site. Just 10% of
physicians surveyed preferred the humerus and another 10%
chose the medial malleolus.®® Although the sample size of
this survey was small, it is consistent with newer intraos-
seous studies supporting the proximal tibia as a safe, easily
accessible site. A prospective study of 182 patients compared
proximal tibia and humeral intraosseous insertion sites head-
to-head. The proximal tibia group had a higher first-attempt
success rate (tibia: 91% vs. humerus: 51%) and faster inser-
tion time (tibia: 4.6min »s. humerus: 7.0 min) than the
humeral group.?! In newborns, the needle should be inserted
10-mm distal to the anterior tibial tuberosity and aimed in a
slight posterior and inferior direction to avoid damaging the
growth plate.”” In children and adults, the needle insertion
site is 2cm below the tibial tuberosity and 1cm medially
on the tibial plateau (fig. 1) (see video, Supplemental Digi-
tal Content 1, http://links.Iww.com/ALN/B32, which is a
guide to intraosseous insertion).*

For adults or skeletally mature adolescents, the proxi-
mal humerus is another potential intraosseous site. The
patient is positioned with their arm adducted and inter-
nally rotated (placing the patient’s hand on their abdo-
men facilitates proper positioning). The acromion process
is then palpated and the greater tubercle of the humerus
is located 2cm distal to this point (fig. 2) (see video,
Supplemental Digital Content 1, http://links.lww.com/
ALN/B32, which is a guide to intraosseous insertion). The
humeral site has a lower first-attempt success rate com-
pared with the tibia and it has a higher rate of needle dis-
lodgement.?! This can delay medication administration
during cardiac arrest and may lead to more complications
from fluid extravasation.?!

Although there are practical disadvantages such as nee-
dle dislodgement with the humeral intraosseous site, it
may offer the benefit of higher flow rates. Flow rates of fluid
through EZ-10® needles placed in the humerus, tibia, and
femur of swine were compared in a prospective interven-
tional study. The humerus had a statistically significant
(P < 0.001) higher flow rate (213ml/min) com-
pared with that of the tibia (103 ml/min) or femur
(138 ml/min) when saline was infused »iz a pres-
sure bag.” Human studies comparing flow rates of
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Fig. 1. Identification of proximal tibia insertion site. Repro-
duced, with permission, from Vidacare Corporation, San An-
tonio, Texas.

the humerus and tibia offer mixed results. A study
of 10 human volunteers demonstrated a significantly
higher mean flow rate at the humeral site (humerus:
5,093+2,632ml/h wvs. tibia 1,048+ 831 ml/h) with a
pressurized infusion.”! However, a prospective observa-
tional study of 24 critically ill patients (emergency depart-
ment setting) comparing humeral and tibial EZ-IO® flow

Fig. 2. Identification of proximal humerus insertion site 2cm
distal to the acromion process. Reproduced, with permission,
from Vidacare Corporation, San Antonio, Texas.
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rates demonstrated no statistically significant difference
between sites (humerus: 153 ml/min vs. tibia: 165 ml/
min). Both sites in this study had significantly faster flow
rates with a pressurized infusion bag than with gravity
drip.”? On the basis of these small swine and human
studies, the humeral site may offer higher flow rates than
the tibia, but trials with larger sample sizes are needed
to make a conclusive determination. For comparison, a
prospective study of human volunteers showed a mean
infusion rate of 35.6 ml/min viz an 18-gauge intravenous
catheter (gravity drip).”? Higher intravenous flow rates
(18 gauge: 205 ml/min; 16 gauge: 412 ml/min) have been
demonstrated using a Rapid Infusion System (Haemonet-
ics Corp., Braintree, MA).”4

Insertion Devices

Manual Needles. Manually inserted intraosseous needles
have evolved significantly since the early experiments in
the 1920s. Several manufacturers now produce inexpensive
needles with specialized handles specifically designed for
intraosseous use (fig. 3). Insertion techniques are similar for
all of the manual needle types. The needle is oriented per-
pendicular to the entry site and pressure is applied in con-
junction with a twisting motion until a “loss of resistance” is
felt as the needle enters the marrow cavity (see video, Supple-
mental Digital Content 1, htep://links.Iww.com/ALN/B32,
which is a guide to intraosseous insertion).

The Near Needle Holder (Near Manufacturing, Camrose,
Alberta, Canada) is a reusable handle device which allows
a standard hollow needle to be inserted in the intraosseous
space (fig. 4). A group of physicians and medical students in
Guyana attempted simulated insertion of both needle types
after watching a short training video. Insertion times for both
types were nearly identical (Near Needle Holder: 32+13.2 s
vs. Cook: 32+12.3 s), and most users rated the Near Needle

Fig. 3. Cook® (Cook Critical Care, Bloomington, IN) dispos-
able intraosseous needle.

+ Pyng Medical Corporation: FAST1® specifications. Available at:
http://www.pyng.com/wp/wp-content/uploads/2011/04/PM-
130a%20FAST1%20Spec%20Sheet-compressed.pdf. Accessed May
10, 2013.
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Fig. 4. The Near Needle Holder (Near Manufacturing, Cam-
rose, Alberta, Canada) with 16-gauge angiocatheter.

Fig. 5. The FAST1? sternal intraosseous insertion device. Re-
produced, with permission, from Pyng Medical Corporation,
Richmond, British Columbia, Canada.

Holder as safe and easy to use.”” The Near Needle Holder
may potentially be a safe, inexpensive option in developing
countries (it is not approved for use in the United States) or
areas with limited resources.

Reported first-attempt success rates with manual needles

range widely. One study demonstrated an overall success
rate of 67.7% with four needle types (standard hypodermic,
bone marrow needle, spinal needle, and manual intraosse-
ous needle) inserted by resident physicians in anesthetized
piglets.”® In another simulation study, medical students had
a 95% success rate inserting a SurFast® (Cook Critical Care,
Bloomington, IN) needle in animal bones.”” Success rates as
high as 85% have been reported in pediatric patients (less
than 5 yr old) presenting in prehospital cardiac arrest.”””®
More recently, prehospital first-attempt success rates were
found to be 78% using a variety of intraosseous needles.*>
Impact-driven Devices.
FAST1®. The FAST1® is a single-use device designed for
placement in the manubrium (fig. 5). Insertion is aided by
user-applied force. A stick-on target placed at the sternal
notch guides proper placement. The device has 10 stabilizing
needles (which do not enter the bone), which are used to pre-
vent overpenetration through the sternum. Reported infu-
sion rates are 30 to 80 ml/min by gravity drip, 120 ml/min
by pressurized source, and 250 ml/min by syringe injection.}
The FAST1® device may be of particular value in cases of
traumatic amputation of the extremities.

The FAST1® device seems to have a quick learning curve.
A pilot study of success rates found that first-time users of
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Table 3. Review of Recent FAST1® (Pyng Medical Corporation, Richmond, British Columbia, Canada) Clinical Trials

Publication and

Level of Evidence Study Design Setting and Endpoints Age (Mean) Pediatric, n (%) Insertions, n
Macnab”® Prospective, observational Prehospital success/time Not reported Not reported FAST1®: 50
Level lll

Frascone®? Prospective, observational Prehospital success rate 55.1 0 FAST1®: 89
Level lll

Calkins® Prospective, observational Simulation insertion success/ Cadaver insertion Not reported FAST1®: 30
Level lll time

Byars®3 Prospective, observational Prehospital insertion success Not reported Not reported FAST1®: 41

Level lll

Overall — - 55.1 0 210

A summary of recent clinical trials examining FAST1® use. Cadaver data from Calkins et al.8' were excluded from overall calculations of cardiac arrest,

trauma, and complications.
N/A = not applicable.

Fig. 6. Pediatric BIG® intraosseous insertion device with ad-
justable needle length. Reproduced, with permission, from
Waismed, Houston, Texas.

FAST1® had a 74% rate of success.” After just one experience
using the device, the success rate increased to 95% on subse-
quent attempts with the median insertion time for all subjects
being 60 s (prehospital and emergency department setting).””
A simulation study found that after a 2-h lecture, 96.6% of
emergency medical technician students properly identified ana-
tomic landmarks and 100% placed the target sticker correctly.
Opverall, students had a 93.1% rate of successful needle deploy-
ment in a mannequin.®’ Given the usage of the FAST1® device
in patients with extremity amputations, a study was conducted
to examine the training required for military medical person-
nel to become proficient in its use. After a 60-min lecture, a
training video and simulation session, study subjects correctly
placed the FAST1® in a cadaver 29 of 30 times (94%) with a
mean time of 114+ 36 s.5! Some failed attempts at FAST1® in
these studies have been attributed to technical difficulties aris-
ing from patient obesity.”” For a summary of recent prospective
studies examining FAST1®, see table 3.7-81-83

BIG®. The BIG® is a single-use, spring-loaded insertion
device which is available in adult (15 gauge) and pedi-
atric (18 gauge) sizes (fig. 6). The device is held perpen-
dicular to the insertion site and the spring released. After
deployment, an internal trocar is removed and the safety
latch is used to help secure the device in place. Reported

Table 4. Review of Recent BIG® (Waismed, Houston, TX) Clinical Trials

Publication and Pediatric, Insertions
Level of Evidence Study Design Setting and Endpoints Age (Mean) n (%) (n)
Leidel® Prospective, randomized, Emergency department success/ 43 0 BIG®: 20
Level Il controlled time

Calkins® Prospective, randomized, Cadaver insertion success/time N/A Not reported BIG®: 31
Level Il controlled

Schwartz8 Prospective, observational Prehospital insertion success 53 47 (25) BIG®: 189
Level lll

Gerritse® Prospective, observational Prehospital insertion success Not reported 14 (35) BIG®: 40
Level lll

Overall — — 48 61 (22) 280

A summary of recent prospective clinical trials examining BIG® use. Cadaver data from Calkins et al.8! were excluded from the overall calculation ot

complications.
N/A = not applicable.
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Tibia Insertion, Humerus Insertion, Cardiac Arrest,

Insertion Success, Insertion Time (s)

n (%) n (%) n (%) Trauma, n (%) n (%) (mean) Complications
N/A N/A 15 (30) 9(18) 42 (84) 77 None reported
89 (100) 0 Not reported Not reported 64 (72) Not reported None reported
Not specified Not specified N/A N/A 29 (94) 114 N/A
N/A N/A Not specified Not specified 30 (73) 67 Two minor bleeding
at insertion site
89 (42) 0 15 (8) 9 (5) 165/210 (79) 86 2/180 (1%)

first-attempt insertion success rates for the BIG® range from
71 to 91%.31:8485 A prehospital study evaluating BIG® use
by a helicopter-transport emergency medical team found a
71% overall success rate (adult and pediatric) and reported
no complications.®> In a canine study, success rates for
manual needle and BIG® insertion were similar. Insertion
of the BIG® device, however, was significantly faster (BIG®:
22.4+8.2 s vs. manual: 42.0£28.1 5).8° The BIG® device is
easy to learn and requires minimal training. Military medical
personal with no previous experience were successful in 29 of
31 BIG® insertion attempts (in cadavers) after a lecture and
training video.®! For a summary of recent prospective studies
examining BIG® use, see table 4.31:81:8485

Battery-powered Devices (EZ-10%®). The EZ-IO® is a lith-
ium-battery—powered driver with three different needle sizes
to choose from (fig. 7). The needles are all 15 gauge and dif-
fer only in length (15, 25, and 45mm). A number of stud-
ies have been conducted to look at the speed and accuracy
of EZ-10O® insertion. A randomized trial compared EZ-10®
insertion with a manual needle technique in adult cadavers.
Although insertion times were similar (EZ-IO®: 32+ 11 s vs.
manual: 33+28 s), the EZ-IO® had a higher “user friendli-
ness” rating and a better first-attempt success rate (EZ-I0®:

97.8% vs. manual: 79.5%).” When compared head-to-head

with BIG® insertion, the EZ-IO® device has a higher first-
attempt success rate (EZ-I0®: 90% vs. BIG®: 80%) and
faster insertion times (EZ-IO®: 1.8 min vs. BIG®: 2.2 min)
in the emergency department resuscitation setting (trauma
and medical patients).>! A 7-yr retrospective analysis of pre-
hospital insertion determined that EZ-IO® placement has a
significantly higher first-attempt success rate compared with
the first-attempt success rate of both manual and BIG® inser-
tion (EZ-IO®: 96% vs. manual: 50% vs. BIG®: 55%).58

The EZ-IO® device is easy to use and requires minimal
training. A group of 99 medical providers with no EZ-I0®
experience were given a 5-min presentation with one insertion
demonstration. They each then performed three tibia insertions
on cadavers. Success rates for the three actempts were 96.9, 94.9,
and 100%, respectively, with a median time of just 6 5.3 In
another study, paramedic students received a video-based train-
ing on EZ-I0® and BIG® devices. Participants had a signifi-
cantly higher first-attempt success rate (in turkey bones) with
the EZ-IO® (EZ-10®: 28 of 29 vs. BIG®: 19 of 29).° These
studies suggest that the EZ-IO® is an easy to use, easy to learn
tool that can be used successfully in resuscitation scenarios with
minimal training. For a summary of recent prospective studies
examining EZ-10® use, see table 5.321,31-33:46,67.72,82.91-95

Tibia Insertion, Humerus Insertion, Cardiac Arrest,

Insertion Success, Insertion Time

n (%) n (%) n (%) Trauma, n (%) n (%) (s) (Mean) Complications
11 (55) 11 (55) Not reported 15 (75) 16 (80) 132 Two extravasations from
humeral insertion
Not specified Not specified N/A N/A 29 (94) 70 N/A
Not specified Not specified 71 (74) 34 (18) 172 (91) Not reported None reported
Not specified Not specified 21 (563) Not reported Adult: 19 (73) Not reported None reported
Pediatrics: 10 (71)
11 (4) 11 (4) 92 (33) 49 (18) 217/249 (87 %) 101 2/249 (0.8%)
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Fig. 7. EZ-10® needle driver with 15mm (pink), 25mm (blue),
and 45mm (yellow) needles. Reproduced, with permission,
from Vidacare Corporation, San Antonio, Texas.

A Review of Intraosseous Access in Resuscitation

Clinical Use

Intraosseous vascular access may be indicated in emer-
gency situations where venous access cannot be obtained
quickly. These include trauma, cardiac arrest, status epi-
lepticus, burn, and shock patients.”® Several prospective
human studies have examined intraosseous insertion speed
and success rate (with multdiple insertion devices) in the
prehospital and emergency department setting. In the
studies cited in this review, the overall insertion success
rate was 90% (1,228 of 1,367) across all devices. Individu-
ally, the FAST1®, BIG®, and EZ-IO® devices had inser-
tion success rates of 79, 87, and 90%, respectively (tables
3-5). The mean insertion time was relatively fast for all the
three insertion devices (FAST1®: 86 s; BIG®: 101 s; and
EZ-10®: 60 s) (tables 3-5). For a summary guide to clini-

cal use, see figure 8.

Contraindications

There are few absolute contraindications to intraosseous use
as the route is primarily used in life-threatening situations.
Most absolute contraindications are related to anatomic

abnormalities.

Table 5. Review of Recent EZ-I0O® (Vidacare Corporation, San Antonio, TX) Clinical Trials

Publication

and Level of Pediatric,

Evidence Study Design Setting and Endpoints Age (Mean) n (%) Insertions (n)
Leidel® Prospective, randomized, Emergency department success/time 43 0 EZ-10®: 20
Level Il controlled

Santos® Prospective, observational ~ Prehospital success 47 14 (24) EZ-10°: 60
Level Ill

Schalk® Prospective, observational ~ Prehospital success/time 66 5 (6) EZ-10®: 77
Level Ill

Tan® Prospective, observational =~ Emergency department flow rates Not reported 0 EZ-10®: 42
Level lll

Torres® Prospective, observational ~ Prehospital insertion time 56 0 EZ-10®: 114
Level Ill

Dolister®” Prospective Emergency department success/time 48 0 EZ-10®: 105
Level lll

Gazin® Prospective, observational  Prehospital success rate 57 5(12) EZ-10®: 39
Level lll

Reades?! Prospective, randomized Prehospital success rate 65 0 EZ-10®: 115
Level Ill

Reades® Prospective, observational ~ Prehospital success rate 63 0 EZ-10°: 88
Level Ill

Ong™ Prospective, observational ~ Emergency department success and Not reported 0 EZ-10®: 35
Level lll flow rates

Paxton?® Prospective, observational =~ Emergency department success rate 46.9 0 EZ-10®: 29
Level lll

Horton% Prospective, observational ~ Emergency department success rate 5.5 95 (100) EZ-10®: 95
Level Ill

Frascone®  Prospective, observational ~ Prehospital success rate 55.1 0 EZ-10®: 89
Level lll

overall — - 50.2 119 (13%) 908

A summary of recent prospective clinical trials examining EZ-IO® use in prehospital and emergency department resuscitation settings.

Anesthesiology 2014; 120:1015-31
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Absolute Contraindications™%4997¢,§

Fracture in target bone (risk of fluid extravasation)
Compartment syndrome in target extremity
Vascular injury in target extremity

Acute infection at insertion site

ANl

Previous orthopedic surgery with hardware at inser-

tions site

6. Recent failed intraosseous attempt in same extremity
(within 24-48h)

7. Inability to identify landmarks

History of sternotomy (for FAST1®)

9. Sternal thickness less than 6.5 mm (for FAST1®)

®°

Relative Contraindications’®8497-99

1. Cellulitis or burns of target extremity
2. Osseous abnormalities such as osteogenesis imperfect or
severe 0Steoporosis

1 Vidacare Corporation: Who needs an IO device? Available at:
http://www.vidacare.com/EZ-10/Clinical-Applications-Who-
needs-an-10-device.aspx. Accessed May 10, 2013.

§ Pyng Medical Corporation: FAST1® Protocol Guide. Available
at:  http://www.pyng.com/products/fastl/clinical-and-technical-
information/protocol/?pi=51. Accessed May 10, 2013.

3. Right-to-left intracardiac shunts (fat or bone marrow
cerebral embolic risk)

b

Sepsis or bacteremia
5. Inferior vena cava injury

Complications

A total of 1,367 intraosseous insertions were reported in the
studies cited in this review (908 EZ-IO®; 249 BIG®; 210
FAST1®). These insertions were associated with 23 reported
complications for an overall complication rate of 1.6%. Of
these 23 complications, 12 can be considered “minor” (10
needle dislodgements and 2 reports of minor bleeding at site).
Excluding these minor complications, the overall complication
rate for studies cited in this review was 0.80% (tables 3-5).
A recent retrospective cohort study involving 291 pediatric
patients with intraosseous lines placed in a variety of settings
found zero associated complications.'® The most commonly
reported complication is extravasation of fluids. Reported
extravasation rates vary widely, ranging from 1 to 22%.'"!
Risk factors include: incorrect needle placement, multiple
punctures in the same bone, and incorrect needle length.!™*
Osseous punctures can take 12 to 48h to clog therefore,
subsequent intraosseous placement in the same bone should
be avoided during that period. Inadequate needle length
can lead to higher rates of dislodgement and extravasation.

Tibia (T), Humerus (H), Cardiac Arrest, Trauma, Insertion Insertion Time (s)
n (%) n (%) n (%) n (%) Success, n (%) (Mean) Complications
9 (45) 11 (55) Not reported 14 (70) 18 (90) 108 Two extravasations (humerus)

51 (98) 1) 43 (74) 15 (26) 54 (90) Not reported None reported

77 (10) 0 41 (53) 15 (19) 75 (97) Not reported None reported

42 (100) 0 Not reported 21 (50) 39 (93) Not reported None reported

85 (75) 12 (11) 64 (67) 29 (27) 114 (100) <30 None reported
Not specified Not specified 55 (53) Not reported 99 (94) 103.6 One compartment syndrome
Not specified Not specified 30 (76) Not reported  First: 33 (84) Not reported None reported

Second: 38 (97)
64 (35) 51 (28) 115 (100) None T: 58 (91) Not reported 5 (20%) humerus
H: 26 (51) dislodgement
58 (66) 30 (34) 88 (100) None T: 52 (90) Not reported Six humerus and three tibia
H: 18 (60) needle dislodgements

24 (69) 11 (31) Not reported 8 (23) 35 (100) All 35 <20 s None reported

None 29 (100) 2(7) 12 (40) 24 (80) 90 None reported
Not reported  Not reported  Not reported 30 (31) 89 (94) 77% in<10s One dislodgement

One extravasation
89 (100) 0 Not reported Not reported 78 (87) Not reported None reported
499 (55) 145 (16) 438 (46) 144 (16) 817/908 (90%) 60 19/908 (2.1%)
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Assess for contraindications:

A Review of Intraosseous Access in Resuscitation

Absolute: fracture, vascular injury, compartment syndrome, infection or hardware at
insertion site, recent failed intraosseous attempt (<24 hrs) at same target site. prior

Sternotomy (for FAST1%)

Relative: cellulitis/burns, severe osteoporosis, osteogenesis imperfecta, sepsis.

bacteremia, right-to-left shunt

Select insertion site:

Proximal tibia: 2 cm below tibial tuberosity and 1 cm medially [Figure 1]

Proximal humerus: Adductand internally rotate arm. The acromion process is then
palpated and the greater tubercle of the humerus is 2 cm distal to this point. [Figure 2]

Confirm correct needle placement:

1) Needle should stand firmly by itself
2) Aspirate for blood/bone marrow

3) Flush with saline and examine surrounding tissue for extravasation

Obtain laboratory data:

Initial aspirate obtained prior to flushing can be used for diagnostic studies including:
Hemoglobin, hematocrit, glucose, blood urea nitrogen, creatinine, Type and cross, blood

gas, and blood cultures (prior to antibiotic therapy).

Utilize intraosseous line:

1) Administer medications and fluids [Table 2]. Avoid vasopressors unless cardiac areest

or hemodynamic instability is present.

2) A pressure bag or rapid infusion device will often be needed to achieve clinically
desired flow rates. Slow gravity drip does NOT neccessarly indicate line malposition.

3) Frequently assess insertion site for signs of extravasation or soft tissue injury.
Infiltration of vasopressors can cause tissue necrosis [Table 2].

4) Remove intraosseous line within 24 hours

Fig. 8. A summary of intraosseous insertion and use in clinical practice. (FAST1®; Pyng Medical Corporation, Richmond, British

Columbia, Canada.)

Alternatively, excessive length increases the risk of puncturing
the posterior cortex leading to infusion of fluids into the deep
compartments of the extremity.'® As a result, some authors
advocate using tissue thickness to determine proper needle
size rather than relying on weight-based parameters.”

Compartment Syndrome

There have been at least eight published case reports of com-
partment syndrome secondary to intraosseous line extravasa-
tion.!9-119 Risk factors for developing compartment syndrome
include: total fluid volume and infusion rate, bone fracture,
needle dislodgement, fluid osmolarity (hypertonic saline), and
recent cortical puncture in the same bone.!!! A compartment
syndrome can potentially occur in the absence of technical
errors. A canine study was conducted with 20-gauge intraos-
seous needles inserted surgically under direct visualization and
cemented in place to eliminate the possibility of dislodgement
or extravasation. Saline, with a radio-opaque dye, was infused
at a rate of 480 ml/h. Serial radiographic examinations and
compartment pressure measurements were performed. After

Anesthesiology 2014; 120:1015-31

350ml of fluid infusion, dye was detected in the surround-
ing soft tissue and compartment pressures increased to 35
mmHg. Compartment pressures continued to increase in
direct proportion to the amount of dye injected leading the
authors to conclude that a dose- and time-dependent scale for

safe intraosseous infusion should be established in humans.!'?

Infection

There are several case reports from the 1940s detailing osteo-
myelitis attributable to intraosseous infusions. However, the
incidence of infections from both intraosseous and intravenous
infusions was similar during this time period suggesting poor
sterile technique played a role in both groups. In 1985, a large
review examining 30 studies and 4,270 patients concluded
that there was a 0.6% incidence of osteomyelitis attributed to
intraosseous use.’* However, this meta-analysis predates the
advent of new battery-powered intraosseous insertion devices
(as well as modern day aseptic technique). In this review, zero
infectious complications were reported in 1,367 total intraos-
seous insertions with modern devices (tables 3-5).
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Embolic Gomplications
Fat or bone marrow embolism is another potential complica-
tion of intraosseous therapy. Even small increases in intraosseous
pressure can lead to fat embolism.!'? Levels of radioactivity in
the lungs were measured after injection of Triolein-'*'I-labeled
fat into the tibia of rabbits. After 2 to 5h, 44.8% of the injected
radioactive substance was present in the lungs on histologic
examination.'® More recently, Orlowski ez @/.”® demonstrated
that bone marrow and fat emboli in the lungs (mean, 0.91
emboli per square millimeter lung) were present in 89 to 100%
of dogs after 4h of intraosseous infusion. In addition, they
demonstrated an average of 0.23 and 0.71 emboli per square
millimeter lung, respectively, in pulmonary autopsy specimens
of two children who received intraosseous infusions during
resuscitation attempts. The incidence of fat embolism does not
seem to be related to the rate of intraosseous infusion.'!4

The incidence of fat embolism after CPR with concurrent
intraosseous infusion has been studied in a piglet model of
hypoxic cardiac arrest. There was no statistically significant
difference in the quantity of pulmonary emboli between the
intraosseous and intravenous resuscitated groups.'’® These
results correlate with recent human findings. Autopsies con-
ducted on 50 decedents showed a pulmonary fat emboli rate
of 76% in patients who received CPR without an intraos-
seous line.!’® These collective data suggest that patients
undergoing CPR are at risk for pulmonary fat emboli with
or without the presence of an intraosseous infusion.

Interestingly, despite the high percentage of fat and mar-
row emboli occurring with intraosseous infusions, there does
not seem to be a detrimental clinical correlation. Despite an 89
to 100% incidence of emboli in his experiments, Orlowski ez
al.”® found no significant alterations in Pao, and no evidence of
intrapulmonary shunting. There is at least a theoretical risk of
cerebral emboli if right-to-left intracardiac shunts are present.”®
‘There is one case report of death from fat embolism after intraos-
seous phlebography to examine inferior vena cava obstruction
in a patient with reticulum-cell sarcoma.!” To date, however,
there are no case reports of death or significant morbidity from
marrow or fat emboli after resuscitation with an intraosseous
infusion. Despite the near-universal occurrence of emboli,
intraosseous infusions seem safe to use during resuscitation.

Bone Injury

There is a theoretical potential for both acute and long-term
osseous injury related to intraosseous infusions. Bilateral tibia
fractures were reported in a 3-month-old septic patient after
unsuccessful intraosseous attempts.''® Tatrogenic fracture has
also been documented after aggressive intraosseous placement
with “considerable force” during an unsuccessful resuscitation
of a 2-yr-old trauma patient.""” Overall, reports of fracture or
acute boney injury attributable to intraosseous insertion are
rare. Pig models have been used to demonstrate no long-term
effects on bone marrow after intraosseous drug administration.
Animals received sodium bicarbonate, epinephrine, and dopa-
mine in one extremity while another extremity served as the
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control. Bone marrow examination revealed normal cellular
differentiation in all groups.'?® In a similar study, experimental
and control legs were harvested 6 months after intraosseous
infusion. No differences in bone growth, degree of epiphy-
seal closure, or radiographic properties were observed between
groups.'?! The rate or osmolality of intraosseous infusion
does not appear to have an influence on long-term histologic
changes of the marrow space in humans.'?

Data from more recent human studies support the findings
of these pig models. A prospective radiographic analysis of pedi-
atric patients with tibial intraosseous infusions placed in emer-
gency situations was conducted. After a mean follow-up period
of 29.2 months, there was no statistically significant difference
(in a variety of radiographic measurements) between the punc-
tured and control legs.'?® Similarly, a small study (prospective,
observer-blinded) found no difference in tibial length 1 yr after
intraosseous infusion.'* Given the rarity of iatrogenic fractures
attributed to intraosseous cannulation and the lack of evidence
showing adverse long-term bone growth effects, the intraosse-
ous route seems to be low risk in terms of osseous complications.

Current Limitations

The available intraosseous literature has some limitations
that must be considered. Most data come from prehospital
or emergency department insertion. In this setting, intraosse-
ous access is often used only after intravenous attempts have
failed. As such, it is difficult to conduct large, randomized,
clinical trials because the patients studied are already “self-
selected” as difficult access patients. Therefore, we are left
with primarily prospective observational studies. However,
the findings of level IIT evidence were generally consistent in
this review, allowing for a higher grade of recommendation.

Anesthesiologists frequently respond to in-hospital cardiac
arrest situations, and literature specifically in this setting is
scant. Head-to-head in-hospital studies comparing central
and intraosseous access in terms of insertion speed and accu-
racy are lacking. There are no studies directly comparing the
infection risks of the two routes when these lines are inserted
during cardiac arrest. Furthermore, there are no studies com-
paring mortality data in cardiac arrest patients resuscitated
with either central or intraosseous access.

Finally, long-term follow-up studies on the safety of
intraosseous infusions are absent, particularly with newer
insertion devices. Most of the recent literature tends to focus
on speed and success of insertion. Therefore, we are left to
rely on a few case reports and animal studies when consider-
ing the risk of delayed complications.

Conclusion

Intraosseous cannulation is a time-tested procedure that will
play a role in the resuscitation of patients in the future. Intra-
venous access is often difficult to achieve in shock patients
and central line placement can be time consuming. This lit-
erature review has demonstrated that intraosseous vascular
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access can be achieved quickly and accurately in emergency
situations. Given the efficiency of insertion combined with
a favorable complication profile, there is clearly a role for
intraosseous vascular access in the resuscitation of critically ill
patients. Therefore, anesthesiologists should become familiar
with intraosseous insertion techniques and understand how
to properly use this potentially life-saving procedure. In the
1940s, Dr. Papper played an important early role in advanc-
ing the field of intraosseous infusions. Today, anesthesiolo-
gists have the opportunity to follow Dr. Papper’s footsteps
and be at the forefront of the intraosseous resurgence as we
adopt this technique in our clinical practice.
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Hasbrouck’s Advertising “Proposal” for “Use of Nitrous Oxide”

Anesthesiology 2014; 120:1015-31

Dr. F. HASBROUC
952 BROADWAY,

Teeth extracted without pain by

use of Nitrous Oxide Gas, a specia

Eventually notorious as the dentist-anesthetist for the secret shipboard surgery in 1893 to treat U.S. President Grover
Cleveland’s oral cancer, Dr. Ferdinand Hasbrouck was one of many professionals who shared use of this same stock
illustration (above), an image copyrighted by A. B. Frenzel in 1881. Sadly, Dr. Hasbrouck failed to center his personal
stamping (lower right), which advertised that teeth were “extracted without pain by the use of Nitrous Oxide Gas, a
specialty.” Depicting a broom-wielding lady menacing a young man proposing marriage to her rival or relative, this trade
card is part of the WLM'’s Ben Z. Swanson Collection. (Copyright © the American Society of Anesthesiologists, Inc.)

George S. Bause, M.D., M.RH., Honorary Curator, ASA’s Wood Library-Museum of Anesthesiology, Park Ridge,
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