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SUMMARY

The timely restoration of lost blood in hemorrhaging
patients with trauma, especially those who are
hemodynamically unstable, is of utmost importance.
While intravenous access has traditionally been
considered the primary method for vascular access,
intraosseous (l0) access is gaining popularity as an
alternative for patients with unsuccessful attempts.
Previous studies have highlighted the higher success
rate and easier training process associated with 10
access compared with peripheral intravenous (PIV) and
central intravenous access. However, the effectiveness
of 10 access in the early aggressive resuscitation of
patients remains unclear. This review article aims to
comprehensively discuss various aspects of 10 access,
including its advantages and disadvantages, and explore
the existing literature on the clinical outcomes of patients
with trauma undergoing resuscitation with 10 versus
intravenous access.

INTRODUCTION

Resuscitation of critically injured patients with
trauma necessitates vascular access in order to
restore lost blood volume. Ideally, this is done by
establishing at least two large-bore intravenous
catheters.! These are typically placed in the antecu-
bital veins. However, in the shocked patients with
trauma, the veins may collapse. Additional factors
such as obesity, destruction of veins due to repeated
intravenous drug abuse or significant injury to the
extremities may preclude the successful placement
of an intravenous catheter.

Intraosseous (IO) access represents an alterna-
tive method of delivering fluids and medications
directly into the bone marrow, typically the long
bones such as the tibia or humerus. Moreover, the
sternum is another common site of IO insertion,
particularly in the military setting, as a convenient
and efficient site for the infusion of large volumes.?
This technique is often used in emergency situ-
ations, particularly in trauma scenarios, where
obtaining intravenous access may be challenging or
time-consuming. The use of IOs for patients in clin-
ical cardiac arrest during ongoing cardiopulmonary
resuscitation has been endorsed by the American
Heart Association and the International Liaison
Committee on Resuscitation®

While 1O access is a valuable tool in trauma and
emergency medicine, it is important to note that it
is typically considered a bridge to more definitive
vascular access. Once the patient’s condition stabi-
lizes, efforts should be made to establish traditional
intravenous access for ongoing treatment. IO access

should not be maintained beyond the acute resus-
citation phase unless dire circumstances preclude
obtaining intravenous access. Nevertheless, IO
access is a key resuscitation procedure.

This review will provide an overview of 10
access, review its benefits (namely, the ease of
training, higher success rates and comparable flow
rates when compared with intravenous access), its
challenges (including the complications) and define
an alternative to its use.

TYPES OF 10 ACCESS
There are different types of IO access, and the
choice of method may depend on factors such as
patient age, anatomical considerations and avail-
able equipment. IOs can be used in both adults and
pediatric patients. The common types of 10 access
include:

1. Manual IO access: this involves manually in-
serting an IO needle into the bone marrow us-
ing the thumb or finger to apply pressure. This
technique is generally used in emergency situa-
tions and is considered a basic method.

2. Mechanical IO access: these devices use a spring-
loaded mechanism to insert the 10 needle into
the bone. The device is typically placed on the
bone surface, and on activation, the needle is
quickly and forcefully inserted into the marrow.
This method is relatively quick and requires less
manual force.

3. Power drill devices (figure 1): some IO devic-
es are designed to be used with a power drill.
These devices use a drill to insert the 10 needle
into the bone marrow, providing a rapid and
controlled method of access. This type of 10 ac-
cess is commonly used in both prehospital and
hospital settings.

SITES OF 10 ACCESS

The choice of 10 access method and site may
depend on the patient’s age, the clinical situation
and the preferences or training of the healthcare
clinician. In emergency situations, the goal is to
establish vascular access quickly and efficiently to
facilitate the delivery of life-saving interventions.

Tibial access: the tibia is a commonly used site for
IO access, particularly in adults and older children.
The correct site is 1-2 cm inferior and medial to the
tibial tuberosity.

Humeral access: the humeral head is often used
for IO access in pediatric patients as well as in adults
when tibial access is not feasible. Care must be
taken after needle insertion, as internal and external
rotation of the humerus may dislodge or bend the
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Figure 1 - Power Drill Intraosseous Device

needle. In addition, a longer (45 mm) needle is typically needed
on this site. Figure 2 demonstrates the 15-gauge 10 needles,
which are available in 15 mm, 25 mm and 45 mm lengths.

Sternum access: in certain situations, the sternum may be
considered as an alternative site for IO access. However, this is
less common and may be used when other sites are not acces-
sible. Of note, this site requires a specific type of 10 needle,
which is typically then sited into the middle of the manubrium
sternum. In addition, sternal IO route is contraindicated in chil-
dren due to possibility of serious complications.* Care must be
taken due to the relatively shallow width of the sternum. Place-
ment off-midline risks infusion of fluids directly into the medias-
tinum rather than the sternal marrow. Figure 3 demonstrates the
common sites of IO access for adult patients.

Notably, some studies have found that tibial IO access might
be comparable to a large PIV, while humeral and sternal access
are more similar to central venous access and result in rapid
absorption into the heart, when 10 is used for drug delivery.’®

TRAINING FOR 10 PLACEMENT

Clinical staff who are required to attend to critically ill or injured
patients must have the skills to place an IO access device. Inad-
equate knowledge and experience risks an increased compli-
cation and failure rate. However, training is straightforward.
Although use had initially been primarily aimed at physicians,
non-physician staff including nurses and paramedics can be
successfully trained to place 10 needles. Training on IO tech-
nique can be incorporated into national life support courses or
can be delivered as stand-alone training programs.

Figure 2 Different needle sizes for 15-gauge intraosseous access

Figure 3 Common sites of intraosseous access for adult patients.

In a study of emergency department staff, 80.8% of whom
have never placed an IO needle, Levitan et al demonstrated
that 97.3% of insertions were successful after a short training
program incorporating a Smin video and cadaveric instruc-
tion.® Similarly, in a prospective multicenter trial of prehospital
clinicians (paramedics and nurses), Anderson et al showed that
a 1-hour standardized training session followed by hands-on
supervised simulation allowed for the successful implementa-
tion of IO access in the field, with an 87% success rate.” This
simplicity of training allows for versatile use of IO access in all
acute-care areas prehospital and in-hospital.

SPEED AND SUCCESS OF 10 PLACEMENT

The key reported benefit of IO access over intravenous access
in the shocked patient is the speed with which vascular access
is obtained. Chreiman et al utilized trauma video recordings to
compare times for completion of obtaining intravenous, IO or
central venous access.® In 145 attempts in 38 patients, although
attempts at 1O and intravenous were equally fast, IO access was
more successful than both intravenous and central access (95%
vs 42% vs 469%). Dumas et al conducted a multicenter trial using
video review and collected numerous data points to quantify
both the time and success of vascular access attempts.” Of 1410
access attempts in 581 patients at 19 centers, IO was found to
have higher success than intravenous and central access (93% vs
67% vs 599%) despite access times being similar for IO and intra-
venous attempts (both under 1min). This group also showed
the time to resuscitation initiation was faster in the IO group
(5.8 min) vs intravenous (6.7 min).

ANALGESIA CONSIDERATIONS FOR 10 ACCESS

Although it can be assumed that placement of a large-bore
needle into the bone is painful, few studies have clearly demon-
strated this. What appears to be more likely to cause pain is
the expansion of the marrow space as fluid or medications are
pushed through the device.' If time permits, local anesthetic can
be administered prior to insertion, though this must infiltrate the
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periosteum to be successful. Notably, concentrations of lidocaine
typical for managing arrhythmias (ie, 1%-2% at 1-1.5 mg/kg)
are preferred. Time pressures may make this impossible during
active trauma resuscitations. However, experts recommend
administering 0.5 mg/kg of lidocaine through the IO needle
prior to fluid or medication infusion.!!

FLOW RATES THROUGH 10 NEEDLES

The utilization of 10 access exploits the vascularity of cancel-
lous bone, which is the sponge-like bone found inside the hard
external compact bone. Cancellous bone consists of a porous
structure made up of spicules or trabeculae and hematopoietic
red marrow. It is important to acknowledge that the properties
of cancellous bone vary significantly based on factors such as
age, gender and ethnicity.!>'*

Any medication or fluid that can be administered intravenous
can also be given 10, with the exception of hypertonic saline,
as some animal studies suggest that there is a risk of soft tissue
and bone necrosis with 1O hypertonic saline administration.'
However, it is not reported in any currently available human
trial studies. It is recommended that fluid be administered using
a pressure bag to maximize flow rates. Ong et al performed a
prospective observational study in 24 patients (with a total of
24 tibial and 11 humeral 10 insertions) and found that when
administered under pressure, crystalloid flow rates of 165 mL/
min could be achieved through the tibial route.!® This dropped
to 73 mL/min if pressure was not used. At the humeral site, rates
of 153 mL/min with pressure and 84 mL/min without pressure
were documented.

Pasley et al performed a cadaveric study to demonstrate crys-
talloid flow rates at tibial, humeral and sternal IO sites.'”” Mean
flow rates were fastest at the sternum (93.7 mL/min), followed
by humeral (57.1 mL/min) and then tibial (18.7 mL/min) sites.
Hence, the sternal site showed flow rates just over three times
that of the tibial site. Nevertheless, the presence of an intact
circulation likely increases the flow rates as is demonstrated when
comparing the results of this study with those from Ong et al.
Although human trials of blood product administration through
10 devices are limited, those that have been done show both
safety and reliability while achieving sufficient flow.!® Table 1
compares flow rates from various vascular access devices. When
fluid is administered via pressure bag, IO access, especially at the
humeral site, can allow for comparable flow rates to gravity flow
through a 16-gauge PIV. Even at lower gravity flow rates, given
the demonstrated higher success rates of 1O access, this will

Table 1  Flow rates through various access devices

Approximate flow rate to Time to infused 1L

Size of access device gravity (mL/min) (min)
14G IV 250 4
16G IV 150 7
7.5 French introducer sheath 130 8
18G IV 100 10
15G humeral 10 80 13
16G distal port triple-lumen central 70 15
venous catheter

15G tibial 10 70 15
20G IV 60 17
22G IV 35 29
18G proximal port central venous 30 34

catheter

10, intraosseous.

allow at least initial fluid resuscitation to occur prior to further
access being obtained.

The comparison of flow rates also highlights the importance
of at least two sites of vascular access being established during
the acute resuscitation phase. A single access site may not allow
for sufficient volume return in an actively bleeding patient.
While ideally this is via two large-bore intravenous catheters,
two IO needles or a combination of an intravenous and 1O
needle can allow for initial resuscitation until more definitive
access is obtained.

DISADVANTAGES OF 10 FLUID ADMINISTRATION
Access devices used in trauma cases must be able to admin-
ister large amounts of blood products promptly and provide
flow rates that allow for frequent patient evaluation, enabling
therapy adjustment based on specific physiological parameters.
Although there has been a recent increase in the use of 10 access
for patients with trauma, current guidelines recommend IO cath-
eters as a temporary solution until definitive intravenous access
can be established, rather than as a replacement for it"?2°
Despite the advantages and endorsement of IOs, the efficacy
and evidence supporting their use in modern trauma resuscita-
tion continue to be debated.?' Additionally, the lack of compre-
hensive studies comparing the outcomes of shocked patients
with trauma resuscitated with IO devices versus those with intra-
venous catheters is another obstacle preventing the widespread
adoption of 10 access as a substitute for intravenous access. In
the remainder of this review, we will discuss the major draw-
backs of 1O access devices that healthcare professionals should
consider before considering them as a primary route of access for
resuscitation of unstable trauma cases.

INADEQUATE 10 ACCESS FLOW RATE

Despite the reported higher rates of success in 1O versus intra-
venous access among hemodynamically unstable patients with
trauma® 2> and non-trauma population,”2° one of the major
concerns regarding the use of 10 devices is the inadequate flow
rates of blood products.?® In 2014, Burgert et al conducted an
intervention study on swine models to compare the transfusion
rates of 10 and intravenous access.”” The authors found that it
took approximately two times as long to transfuse 900 mL of
blood using IO compared with intravenous access. In a separate
prospective observational study on volunteer professional mili-
tary personnel, 450 mL of autologous whole blood from each
participant was collected and reinfused with IO vs intravenous
routes, using gravity only.'® Notably, the IO groups had a median
infusion rate of 32.4 mL/min, which was nearly half of the intra-
venous group’s rate of 74.1 mL/min. The study used the sternal
site, which is known to have the fastest flow rate compared with
the humeral and tibial insertion sites.!”

One commonly overlooked factor is the impact of a patient’s
initial blood pressure (BP) on the flow rate of different 10
accesses. Studies have found that in animal models experiencing
hemorrhagic shock, the flow rate is significantly lower compared
with those with normal blood volume.?® Despite the limited
studies comparing the flow rates between IO versus intravenous
access in normotensive and hypotensive models, an animal study
on a piglet model showed that hypovolemia results in average
decreased infusion rates of 32% within various sites of IO
access.” It is worth noting that intravenous access was found
to be the most effective method for immediate volume replace-
ment, as even with IO access using 300 mmHg pressure, the flow
rates were significantly lower compared with intravenous access.
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In addition, it should be noted that the IO catheter itself does
not restrict the flow rate of blood products, as it belongs to the
same size category as the intravenous catheters commonly used
in trauma patient resuscitation. Therefore, the parameters of the
10 space, including bone density, play a crucial role in defining
this area. Haris et al, utilizing Darcy’s law and accounting for
the low flow rates of blood transfusion into the 10 space, argued
that transfusing blood via the 10 route does not yield substantial
results in the resuscitation of patients with trauma.?! They, in
fact, recommended that medical personnel receive training in
ultrasound technologies as an alternative to enhance successful
PIV access and to completely avoid the IO route when blood
transfusion is necessary.

A blood loss of 150mL/min or more is considered a major
hemorrhage, according to one definition.’® This implies that the
current data indicate insufficient transfusion flow rates through
a single 1O catheter in trauma patients experiencing hemor-
rhagic shock. This acknowledgment is crucial and mentioned
by those who support the use of IO devices in trauma cases.
Consequently, some experts recommend the use of two catheters
during the initial resuscitative phase to ensure adequate transfu-
sion volumes and as a temporary solution until definitive access
can be obtained.® *'-33 Furthermore, they recommend 10 access
be a temporary solution until definitive intravenous access is
obtained. It is important to consider this recommendation when
comparing IO devices with other access route alternatives.

POTENTIAL FOR RED CELL HEMOLYSIS
Another contentious issue regarding the utilization of IO devices
is the possibility of red cell hemolysis.** This is of particular
significance in the context of trauma, where prompt replenish-
ment of sufficient blood volume is crucial for patients. Based on
theoretical models, the only adjustable factor for medical profes-
sionals to enhance flow rate in an IO system during a device
closure reperfusion procedure is pressure.?! Heightened pressure
not only places strain on the connections within the infusion
system itself but also amplifies the shearing forces exerted on
the fluid. These shearing forces have the potential to induce red
blood cell destruction, resulting in the loss of oxygen-carrying
capacity and the subsequent development of rhabdomyolysis.
Despite previous studies on animal models attempting to
address the concern regarding the red cell hemolysis,?” 33 3537
one crucial aspect has been overlooked—the bone densitometry
of these models does not accurately reflect that of young adult
humans. A recent systematic review, consisting of nine papers on
red cell hemolysis following 1O blood transfusion, revealed a lack
of high-quality evidence regarding the risks associated with red
cell hemolysis in IO blood transfusion.** However, findings from
one study suggest that the use of a three-way tap to administer
blood transfusion to young adult male patients with trauma may
increase the likelihood of red cell hemolysis. Notably, among the
nine papers included, seven were animal studies, while only one
prospective human study was reported. This human study docu-
mented a significant increase in lactate dehydrogenase levels and
a decrease in hemoglobin levels following the infusion within
the 10 groups.!*

COMPLICATIONS

Despite a dearth of data comparing the rates of complications
between IO and intravenous access, various studies have exam-
ined the complications of IO access within specific sites that
should be taken into consideration before utilizing them.?®
In an online questionnaire-based study of 386 Scandinavian

physicians, 1802 clinical cases of IO use were reported, of which
nearly one-fourth (23.4%) was indicated following a hemor-
rhage.’ The authors concluded that the overall complication
rate exceeded what is typically reported from model and cadaver
studies, with responders reporting that 68.6% experienced some
form of complication during the procedure, infusion or late after
the infusion. While this study included factors like severe patient
pain as a complication, it also shed light on the challenges faced
by clinicians and patients when employing IO devices. Conse-
quently, future research on IO devices should encompass all
stages of 10 use.

Although previous research has demonstrated the safety and
feasibility of 1O access in pediatric patients,* it can be chal-
lenging to successfully cannulate the hardened bones of adult
patients using IO devices.*! Hence, variations in osseous anatomy
between pediatric and adult patients are expected to affect the
type and severity of complications associated with 10 cannula-
tion. A recent comprehensive analysis of complications related to
10 catheterization in adult patients revealed an overall compli-
cation rate of 4.6% following successful IO catheter insertion.*
Major complications noted in this study included the extrava-
sation or displacement of catheter (2.8%), device malfunction
(1.8%0), injury to surrounding tissues (0.1%), bleeding (0.049%),
tissue necrosis (0.02%) and infection (0.01%). It is important to
note that these complication rates can vary significantly across
different studies due to the influence of operator experience. For
instance, the extravasation rate has been reported to range from
1 to 229% in various studies.®

Notably, needle dislodgement is a complication that has
been found to be more prevalent in humeral 1O accesses (20%)
compared with tibial IO accesses (9%).* If the chosen needle is
insufficiently long to fully penetrate all layers of subcutaneous
tissue, the IO needle will not be able to completely enter the bone
matrix, resulting in a failed attempt or dislodgement. Further-
more, constant movement and activity can significantly increase
the risk of unintentional needle dislodgement or malformation.
Similar rates of needle dislodgements have been reported in
other studies, with rates of 10%, 16% and 15% for femoral,
humeral, and tibial sites, respectively.*

THE GOAL IS TO IMPROVE OUTCOMES

Despite expanding literature on the role of 10 access in resusci-
tation of patients with trauma, its impact on patients outcomes
remains unclear.* A recent multi-institutional study of 581 adult
(=16 year) hypotensive (systolic BP <90 mm Hg) trauma patients
showed that despite no difference in time to access between
patients with 1O versus PIV access, 10 had higher success rates
than PIV (93% vs 67%) and remained higher after subsequent
failures (85% vs 59%).” However, this study did not provide any
data on patient-centered clinical outcomes such as early and late
mortality or complications. Another systematic review on the
‘efficacy’ of IO access for trauma resuscitation revealed that the
success rate of 1O access on first attempt was significantly higher
than that of intravenous access for patients with trauma, and the
mean procedure time for IO access was also shorter. However,
no information regarding patient outcomes was included in the
review.?

Despite the limited literature in patients with trauma, in
2021, a prospective, parallel-group, cluster-randomized study
compared the outcomes of patients with out-of-hospital cardiac
arrest (OHCA) who were resuscitated with ‘intravenous only’
against ‘intravenous+10’.% Interestingly, they found that using
10 when intravenous failed led to a higher rate of vascular access

4 Qasim ZA, Joseph B. Trauma Surg Acute Care Open 2024;9:2001369. doi:10.1136/tsaco-2024-001369



and faster epinephrine administration. However, it was not asso-
ciated with higher return of spontaneous circulation (ROSC),
survival to discharge or good neurological outcome. Another
study by Mody et al, evaluating 19731 patients with OHCA,
of which 3068 patients received 10 access, demonstrated that
10 access attempt was associated with worse ROSC and survival
rates: (4.6% vs 5.7%, p=0.01) for survival to discharge, (17.9%
vs 23.5%, p<0.001) for sustained ROSC and (2.8% vs 4.2%,
p<0.001) for survival with favorable neurological function.*’
Based on these studies and multiple other medium to high-
level studies, despite higher rates of successful access through
10 route, no differences in survival and clinical outcomes are
expected, when using IO in resuscitation of adult and pedi-
atric patients with OHCA.*-¢ In fact, a prespecified analysis
of a randomized, placebo-controlled clinical trial by Daya et al
showed that point estimates for the effects of drugs in compar-
ison with placebo were significantly greater for the intravenous
than for the IO route across virtually all outcomes and beneficial
only for the intravenous route.’! However, the study was under-
powered to statistically assess interactions. Although resuscita-
tion of patients with OHCA is out of the scope of this study, the
above-mentioned study and multiple other studies are brought
as a signal to interpret these findings carefully, as while 1O access
may offer faster access or a higher success rate, it may lead to
lower survival rates and poorer neurologic outcomes of patients
with non-trauma.>?*2

ULTRASOUND-GUIDED INTRAVENOUS: IS THIS THE
ANSWER?
intravenous access could be challenging in patients with severe
hemorrhagic shock. However, research has demonstrated that
using ultrasound guidance for PIV access is both feasible and
significantly increases success rates compared with traditional
methods.” In an animal study on six sedated male sheep with a
BP of less than 90 mm Hg, the authors found that while accessing
the vein blindly was successful in one out of six punctures, ultra-
sound guidance increased the access to eight out of nine punc-
tures with a median time of 65s.%* A systematic review, including
eight studies on comparing US guidance with traditional
approach, showed that the ultrasound-guided technique reduced
the number of punctures and time needed to achieve intravenous
access, and increased the level of patient satisfaction, although it
did not result in a decreased number of complications.** In fact,
this difference was particularly evident in patients with a known
or predicted difficult intravenous access. Overall, the findings
suggest that using ultrasound guidance for PIV access is more
effective than traditional methods, leading to greater success in
cannulation, a reduction in the number of punctures, a decrease
in procedure time and increased patient satisfaction.’®

Although to date, there is no study on the comparison of
IO access versus US-guided intravenous access, comparing the
reported numbers of attempts and success rates shows prom-
ising results in favor of considering US-guided intravenous
access approach, if we encounter patients with difficult intra-
venous access even in the prehospital settings.’” *® Moreover, an
encompassing strategy involves providing advanced education to
healthcare providers, particularly those in frontline care.’? ¢

SUMMARY

IO access can be potentially a rapid means of providing small
amounts of volume and medications to critically injured patients
with trauma prior to definitive vascular access. Although studies
supporting the use of IO primarily focus on its ease of training

and higher success rate compared with intravenous access, the
clinical implications and outcomes among hemodynamically
unstable patients with trauma yet to be established by evidence.

Moreover, there are several important aspects that previous
studies have not adequately addressed. Concerns such as the
inadequate flow rate and the potential for red cell hemolysis
through IO and bone space need to be further investigated. In
addition, infusion through IO access can be an extremely painful
procedure, at times surpassing the pain caused by the patients’
primary injury. If not performed by an experienced professional,
there can be multiple complications associated with 10 inser-
tion. Importantly, it is crucial to consider that timely resuscita-
tion of patients with trauma ultimately aims to improve clinical
outcomes, an aspect that has not been sufficiently assessed in
previous studies comparing IO versus intravenous access for
hemorrhagic patients with trauma.

Factors to consider include proper education, simulation-
based training, and, notably, the utilization of ultrasound-guided
intravenous access. Evidence supports both a higher success rate
and lower procedural time for the latter, making it a promising
alternative. It is, therefore, necessary to further study in the
representative population of hemodynamically unstable patients
with trauma to demonstrate the clinical success of the IO tech-
nique in effective resuscitation. Until then, IO access should be
recommended as the bridge for definitive access when attempts
for peripheral and central access have failed.
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