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BACKGROUND: Intraosseous (IO) vascular access is increasingly used as an emergency tool for achieving access to the systemic circulation in crit-
ically ill patients. The role of IO transfusion of blood in damage control resuscitation is however questionable due to possible in-
adequate flow rate and hemolysis. Some experts claim that IO transfusion is contraindicated. In this study, we have challenged this
statement by looking at flow rates of autologous fresh whole blood reinfusion and hemolysis using two of the commonly used Food
and Drug Administration–approved and Conformité Européenne (CE)-marked sternal needles. Additionally, the success rate of
sternal access between the two devices is evaluated.

METHODS: Volunteer professional military personnel, were enrolled prospectively in a nonrandomized observational study design. We col-
lected 450 mL of autologous whole blood from each participant. Participants were divided into the following three groups of
10: Tactically Advanced Lifesaving IO Needle (T.A.L.O.N.) IO, FAST1 IO, and intravenous group. The reinfusion was done by
gravity only. Blood sampling was performed before blood collection and 30 minutes after reinfusion. Investigation of hemolysis
was performed by measurements of haptoglobin and lactate dehydrogenase. Success rate was evaluated by correct aspiration of
bone marrow.

RESULTS: Median reinfusion rate was 46.2 mL/min in the FAST1 group, 32.4 mL/min in the T.A.L.O.N. group, and 74.1 mL/min in the in-
travenous group. Blood samples from all participants werewithin normal ranges. Therewas no statistically significant difference in
haptoglobin and lactate dehydrogenase between the groups. In the FAST1 group, 1 (9%) of 11 procedures failed. In the T.A.L.O.N.
group, 4 (29%) of 14 procedures failed.

CONCLUSION: Although preferable, achieving peripheral venous access in the bleeding patient is a major problem. Our findings suggest that fresh
whole-blood transfusion through the IO route is safe, reliable, and provide sufficient flow for resuscitation. (J Trauma Acute Care
Surg. 2018;84: S120–S124. Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic/Care management study, level III.
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citation; hemostatic resuscitation; emergency transfusion; hemorrhagic shock.

I ntraosseous (IO) vascular access is an old technique for enter-ing the noncollapsible venous plexuses in the bone marrow
cavity that connects with the systemic circulation.1,2 Access to
the vascular system of the critically ill, injured adult, or pediatric
patient is essential for lifesaving resuscitation and medication.
Whether due to trauma or disease, vascular collapse may delay
or preclude even experienced medical providers from obtaining
standard peripheral or central intravenous (IV) access in time-
sensitive emergencies. First responders may lack the experience,
skill, and technical capacity to achieve IV access successfully in

these situations. Several articles have described the implementation
of IO access techniques in civilian and military rescue scenarios
where rapid access may be crucial.3–7 Today, IO access is stan-
dard of care in Pediatric Advanced Life Support, Advanced
Trauma Life Support, Infusion Nurse Society, and Advanced
Cardiac Life Support.

The most common access sites used are long bones, pref-
erably tibia or humerus. Because of reported superior flowrates
using the humeral access, this has over the past years become
the preferable access point especially in the trauma patient in
need of fluid resuscitation.8 The sternum is another option that
has gained increased use especially in combat casualty care.9

Publications on the use of sternal access for blood transfu-
sion date back as far as 1941.10 Modern damage control resusci-
tation (DCR) principles include the strategy of early transfusion
of blood and blood products in resuscitation of patients with
traumatic hemorrhagic shock.11–13

In a recent publication, the IO route used for transfusion of
blood products has been questioned.14 Based on Darcy law
which describes flow of a viscous fluid through porous media
and the resulting low flow rates, the authors state that the maxi-
mal flow rates attainable for transfusing blood products used in
DCR via the IO route are inadequate for successful resuscitation,
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and that “nothing of substance can be achieved by transfusing
blood via the IO route in Damage Control Resuscitation.” Fur-
ther, the authors state that the application of pressure to obtain
sufficient flow may cause shearing forces in the fluid that may
cause hemolysis and subsequent acute renal injury, indicating
that the IO route in DCR is contraindicated.

The critical points highlighted in the above-mentioned ar-
ticle are in contrast to recent experience with the prehospital
blood product transfusion through sternal and humeral IOs in
recent conflicts in Afghanistan and Iraq.15 However, the clinical
and scientific evidence for the safe use of IO access in DCR and
hemostatic resuscitation is limited. To our knowledge, there are
only three animal studies that address the concerns of transfus-
ing blood via the IO route.16–18 No prospective human clinical
trials exist.

The Norwegian Naval Special Operation Commando has
many years of experience with using sternal IO needles as a tool
in emergencies. In 2010, the unit implemented a warm fresh
whole blood (WFWB) protocol using a prescreened, preselected
walking donor pool for far forward hemorrhagic shock resusci-
tation.19 The concept of blood donation in the field is trained on
a regular basis with “real life” blood donation and subsequent
autologous reinfusion of WFWB through a sternal IO device
or an 18G IV catheter.

In this setting, we have studied the performance of two
Food and Drug Administration–approved and CE-marked ster-
nal needles in autologous reinfusion of whole blood on hemoly-
sis and flow rate. Our primary objectives were to compare flow
rate using the sternal IO route with two different devices when
transfusing WFWB, and to measure posttransfusion hemolysis
using s-haptoglobin and lactate dehydrogenase (LD) as markers
of hemolysis. Our secondary objective was to compare the
success rate of sternal access between the two devices. Our hy-
pothesis is that the sternal IO access is a feasible method of
transfusing WFWB in DCR, when IV access is unattainable—
and that the procedure does not give rise to any significant
hemolysis when WFWB is transfused by gravity only.

METHODS

Subjects
This is a prospective comparative nonrandomized study,

which enrolled volunteer professional military personnel who
attended Norwegian Naval Special Operation Commando train-
ing in remote DCR (RDCR) and provided written informed con-
sent.11 The study is approved by the Regional Ethics Committee
for medical research ethics (REK 2014/691), and registered in
Clinicaltrials. gov (NCT02924792).

Warm fresh whole blood was reinfused using two differ-
ent sternal devices EZ-IO Tactically Advanced Lifesaving IO
Needle (T.A.L.O.N.) (Teleflex Inc., Reading, PA) and FAST1
(Pyng Medical Corp., Richmond, BC, Canada). The results
were compared with reinfusion through a standard 18G IV line
(BD Venflon 18G 1.3 � 45 mm, Franklin Lakes, NJ).

Sample Size
We have not identified published articles comparing IO

with IV infusion of WFWB with flowrate and hemolysis as

outcomes to use for power calculations. One study by Leidel
et al,20 however, compared the success rate and procedure time
in IO and central venous catheterization in adult patients under
resuscitation in the emergency department. In this study, 10 con-
secutive patients were included. Later, the same group per-
formed a study comparing two different IO devices in regard
of technical success rate and complications.21 This study in-
cluded a total of 40 consecutive adult patients under resuscita-
tion, 20 patients in each arm. As we perform our study on
healthy volunteers, we have chosen to start with an inclusion
of 10 volunteer participants in each arm, a total of 30 patients.
The number of participants in the IO group will be a total of 20.

The study participants were divided into the following
three groups: T.A.L.O.N. IO group, FAST1 IO group, and the
IV group.

Blood Collection Procedure
The subjects were given theoretical and practical lessons

before the procedure. Five hundred milligram of Ciprofloxacin
was given 30 minutes before the procedure as infection pro-
phylaxis. Baseline blood sampling was performed before
blood donation. The blood collection bags (CPDA-1 blood
bag, Terumo Penpol; Puliyarakonam, Thiruvananthapuram, India)
were marked with participants' names and social security numbers.
Whole blood (WB) was then collected from either left or right
antecubital vein. During the procedure, the collection bag was
placed on a blood collection mixer (Docon; Macopharma,
Mouvaux, France) and filled to a total of 513 mL representing
a mix of 63 mL of CPDA-1 and 450 mL of WB.

The bags were stored in room temperature for up to
20 minutes awaiting reinfusion.

IO Procedure
Participants in both IO groups were offered infiltration an-

esthesia at the injection site with 5 mL of Lidocaine 20 mg/mL
before placement of the IO device. The participants performed
the procedure on each other under supervision as a part of the
training. The IO needles were placed in the manubrium of ster-
num according to the manufacturer’s instructions. In the IO
groups, bone marrow was aspirated and discarded, followed by
a flushing procedure with 2 mL of 0.9% sodium chloride solu-
tion before starting the WFWB reinfusion. In the IV group, par-
ticipants received an 18G 1.2� 45 mm IV cannula placed in the
left or right antecubital vein.

Reinfusion Procedure
Reinfusion of WB was done through a standard blood ad-

ministration set with 180-cm tubing (Sangofix Air Vented; B.
Braun Melsungen AG, Melsungen Germany), connected to a
three-way stopcock with 10-cm connection tube (Discofix C
3-way Stopcock connection tubing; B. Braun Melsungen AG).

The reinfusion was done by gravity only, without addi-
tional pressure on bags, with subjects lying on their backs, and
the collection bag and tubing fully extended above participants’
chests (IO) or arms (IV).

In the IO groups, rapid flushing with 2 mL of 0.9% sodium
chloride solution was repeated if the provider considered flow in-
adequate. Thirty minutes after reinfusion, the post–reinfusion
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blood samples were collected. Number of failed IO insertions,
total reinfusion time, number of flushing procedures, and pain
associated with the procedure (Visual analogue scale 0–10)
were noted.

Blood Samples
Blood sampling was performed by venipuncture accord-

ing to procedures at HaukelandUniversity Hospital before blood
collection and 30 minutes after completed reinfusion of blood.
Investigation of hemolysis was performed by measurements of
haptoglobin and LD (Cobas 800 c702; Roche Diagnostics GmbH,
Mannheim, Germany). Hemoglobin (Hb) and platelet (Plt)
count were also obtained (Cell-Dyn Sapphire; Abbott Diagnos-
tics, Abbott Park, IL). The 30-minute time point was selected
because previous studies have demonstrated that haptoglobin
levels can drop rapidly in response to hemolysis.22–24

Statistical Analysis
Statistical analysis was performed using IBMSPSS Statis-

tics forWindows, Version 24.0 (IBMCorp, Armonk, NY). Tests
of distribution of variables were performed by use of Shapiro-
Wilk tests. Due to the fact that many variables did not show
normal distribution, descriptive data are reported as median
(quartiles), and comparisons performed by use of Kruskal-
Wallis nonparametric test (for three groups), Wilcoxon signed
rank test for related samples, and Mann-Whitney U test for two
independent samples. pValues less than 0.05were considered sta-
tistically significant.

RESULTS

A total of 36 participants provided informed consent. Two
participants were excluded due to failure in the blood collection
procedure. Four participants were excluded due to IO procedure
failure as described below. In the T.A.L.O.N. group, 4 (29%) of
the 14 IO procedures failed (n = 10). In two cases, the needlewas
flushed out during the flushing procedure. One participant in the
T.A.L.O.N. group was moved to the IV group after failed inser-
tion. In one case, the provider was not able to confirm correct
placement with aspiration of bone marrow, and in the last case,
we observed subcutaneous hematoma suggesting displacement.
In the T.A.L.O.N group, 9 of the 14 providers had never
attempted the procedure before, 2 of the 14 providers had done
it once, and three providers had done it more than five times.
In the FAST1 group, 1 (9%) of 11 IO insertions failed (n = 10).
The device did not enter perpendicular to the manubrium of ster-
num causing no flow without pressure. In this group, 8 of the 11
providers had never attempted the procedure before. Three of
the 11 providers had done it once.

Descriptive data of the three groups are provided in
Table 1. There was a significant difference in age between all
groups, but no significant difference in height, weight, body
mass index, or blood collection time. All participants were male
except one female included in the IV arm. Baseline Hb, hapto-
globin, Plt count, and LD values were within normal ranges in
all subjects.

Median reinfusion rate was 46.2 mL/min (39.3–51.2 mL/
min) in the FAST1 group, 32.4 mL/min (26.3–39.3 mL/min) in

the T.A.L.O.N. group and 74.1 (72.0–84.8) ml/min in the IV
group. There were statistically significant differences between
all groups (p < 0.05). Note that the flow rate in the T.A.L.O.N
group was slower compared with the FAST1.

In the FAST1 group, median number of flushing proce-
dures was 1.1,2,25 In the T.A.L.O.N. group, 2.2,3 Pain associated
with the reinfusion was registered as follows: in the FAST1
group, the median VAS was 4,2–6 in the T.A.L.O.N. group, 3.1–4

Blood samples from all participants were within normal
ranges (Fig. 1.) Between-group comparison of median change
in Hb, haptoglobin, and LD before and after reinfusion showed
no statistically significant differences.

Within-group analysis of hemolysis and change in Hb
before and after reinfusion showed significant elevation of
LD in the FAST1 group 174 (155–216) to 176 (156–242) U/L,
p < 0.05). However, no significant decrease in haptoglobin
was observed, and no significant changes were observed in
Hb. For the T.A.L.O.N. group, only the change in Hb (15.8 g/dL
[15.1–16.3 g/dL] to 15.45 g/dL [14.9–16.2 g/dL]) was significant
(p < 0.05). In the IV group, haptoglobin decreased from 0.88 g/L
(0.70–1.34 g/L) to 0.86 g/L (0.68–1.31 g/L) (p < 0.05).

DISCUSSION

Although the flow rates are lower compared with the stan-
dard peripheral IV line, IO infusion rates are sufficient to main-
tain flow rates needed to fulfill criteria for massive transfusion.25

In this study, no pressure other than gravity (180 cm) was placed
on the blood bags, tubing system, and device. Higher flow rates
are probably achievable using additional pressure on the bags.
However, high-volume transfusion with blood products in
the initial prehospital setting of hemorrhagic shock is neither
achievable due to the logistical restraints in such circum-
stances, nor medically sensible in the event of noncompress-
ible hemorrhage.26 Our findings suggest that it is possible to
administer one unit of WFWB in about 11 minutes without
the use of pressure, which in most cases is sufficient for the
initial resuscitation. In the present study, the FAST1 device
delivered higher flow rates and more consistent results, com-
pared with the T.A.L.O.N. device.

We did not find any strong evidence of hemolysis (Fig. 1).
Therewas a tendency toward elevation of LD in all groups, how-
ever, only significant in the FAST1 group. The elevation was
subtle and within normal analytical reference standards. Further,
we did not find significant change in haptoglobin that should be

TABLE 1. Descriptive Data for the Participants in All Three
Study Groups

FAST1 T.A.L.O.N. IV

Age* 27 (26–36) 25 (22–31) 34 (32–37)

Height, cm 185 (180–192) 184 (178–188) 181 (175–186)

Weight, kg 88 (82–94) 85 (84–95) 84 (79–91)

BMI 25.5 (24.3–27.0) 26.2 (25.1–26.8) 26.6 (23.0–27.8)

Collection time, s 409 (352–498) 389 (324–448) 469 (366–510)

Results reported as medians (quartiles). Groups were compared using Kruskal-Wallis non-
parametric test. There was a statistical significant difference in age between all three groups.

* p Value < 0.05.
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expected in the case of hemolysis. Because of a small sample
size, we choose to perform between-group comparisons of the
median change in the aforementioned parameters.

We did not find significant differences between the groups
indicating that the tendency of elevation in LD is similar in the
IVand IO groups, supporting our hypothesis that there is no sig-
nificant hemolysis in the IO group compared with the IV group.

In this study, we found that the T.A.L.O.N. device was
displaced in 4 of 14 cases. In emergency scenarios, the success
rate and the stability of the device during patient transfer are im-
portant factors, especially in prehospital care. Our experience
with the T.A.L.O.N. device indicates that it is easily dislodged
during patient movement or accidental drag in the tubing. The
FAST1 sternal device seems to be more reliable in terms of suc-
cess rate and resilience to displacement. In the present study,
only 1 of the 11 devices was displaced. These data correspond
to the high success rates found in earlier reports.27

In our experience, the initial verification of placement
with aspiration of bone marrow, followed by a low-volume,
high-pressure, flushing procedure (1–2 mL of saline in a 1- to
2.5-mL syringe), is an important step to obtain patent flow. Fur-
ther, we advocate the use of a three-way stopcock at the connec-
tion to the IO device to be able to repeat the flushing procedure
without having to disconnect the administration set, if the flow
rate deteriorates during infusion.

Many services have abandoned the FAST1 device for live
training and even in clinical practice due to reports of tip reten-
tion in the sternum after removal attempts of the device.28

Since 2013, we have performed live training annually with
no tip retention after introducing a self-made stylet that is
inserted into the IO tubing. The tip of the stylet is custom-
made to fit the interior of themetal tip. A careful rotationmaneu-
ver of the stylet during direct pull of the tubing and stylet ensure
high removal success rate.

Limitations
WFWB has a lower hematocrit than cold stored packed

red blood cells. Higher hematocrit and lower temperature may
lead to lower flow rates due to elevated viscosity and subse-
quently the need for pressure to obtain adequate flow. Second,
this study has been conducted without the use of pressure in
the system. As stated in the aforementioned article, high pres-
sure may cause shearing forces and subsequently hemolysis.14

Also, the short duration of our study limits our ability to rule
out possible delayed hemolysis or more rapid clearance of red
blood cells following IO transfusion. However, it is unlikely that
any significant immediate, mechanical hemolysis caused by the
infusion procedure occurred, as reflected by lack of clinical signs
or symptoms of hemolysis or changes in laboratory parameters,
such as haptoglobin and LD. Further investigations on these mat-
ters are warranted. On the other hand, we found sufficient flow
rates without the use of positive pressure withWFWB. Flow rates
may also be influenced by hypoxia, hypercarbia, and acidosis
(often present in the critically ill), leading to local vasodilation
and increased IO blood flow.

Further, we acknowledge that this study does not reflect
the events following massive transfusion through an IO device,
hence, we cannot rule out significant hemolysis following trans-
fusion of more than one unit of WFWB. However, the utility of
the IO device is in the context of initial resuscitation awaiting
large bore peripheral or central IV cannulas in higher echelons
of care. Lastly, many services use other IO sites of insertion.
We suggest that larger studies should be performed transfusing
more than one unit should be performed. Further prospective ev-
idence is also warranted for both the tibial and humeral access
used in clinical practice worldwide.

Figure 1. Show the medians (quartiles) change in Hb, Plt count,
haptoglobin, and LD, before and after reinfusion in the three
groups. Dotted lines show normal laboratory reference range. In
the FAST1 group, the change in LD was statistically significant. In
the T.A.L.O.N. group, the change in Hb was significant. In the IV
group, the change in Haptoglobin was significant (p < 0.05).

J Trauma Acute Care Surg
Volume 84, Number 6, Supplement 1 Bjerkvig et al.

© 2018 Wolters Kluwer Health, Inc. All rights reserved. S123



CONCLUSION

These findings suggest that sternal IO access is suitable for
the immediate resuscitation of hemorrhagic shock withWFWB.
Flow rates seem to be sufficient, and no clinical relevant signif-
icant hemolysis was observed. Given the relatively high inser-
tion success rate, sternal IO devices, such as the FAST1, are
valuable tools for front-line providers in early hemostatic re-
suscitation with WFWB for the critically ill in DCR. In this
material, there was a high frequency of displacement of the T.
A.L.O.N needle.
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