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BACKGROUND: Fibrinogen concentrate is increasingly considered as a hemostatic agent for trauma patients experiencing bleeding. Placing a
venous access is sometimes challenging during severe hemorrhage. Intraosseous access may be considered instead. Studies of
intraosseous infusion of coagulation factor concentrates are limited. We investigated in vivo recovery following intraosseous
administration of fibrinogen concentrate and compared the results with intravenous administration.

METHODS: This study was performed on 12 pigs (mean [SD] body weight, 34.1 [2.8] kg). Following controlled blood loss (35 mL/kg) and
fluid replacement with balanced crystalloid solution, intraosseous (n = 6) administration of fibrinogen concentrate (80 mg per
kilogram of bodyweight) in the proximal tibia was compared with intravenous (n = 6) administration of the same dose
(fibrinogen infusion time approximately 5 minutes in both groups). The following laboratory parameters were assessed:
blood cell count, prothrombin time index, activated partial thromboplastin time, and plasma fibrinogen concentration (Clauss
assay). Coagulation status was also assessed by thromboelastometry.

RESULTS: All tested laboratory parameters were comparable between the intraosseous and intravenous groups at baseline, hemodilu-
tion, and 30 minutes after fibrinogen concentrate administration. In vivo recovery of fibrinogen was also similar in the
two groups (89% [23%] and 91% [22%], respectively). There were no significant between-group differences in any of
the thromboelastometric parameters. Histologic examination indicated no adverse effects on the tissue surrounding the
intraosseous administration site.

CONCLUSION: This study suggests that intraosseous administration of fibrinogen concentrate results in a recovery of fibrinogen similar to
that of intravenous administration. The intraosseous route of fibrinogen concentrate could be a valuable alternative in
situations where intravenous access is not feasible or would be time consuming. (J Trauma Acute Care Surg. 2014;76:
1235Y1242. Copyright * 2014 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE: Prospective, randomized, therapeutic feasibility study in an animal model, level V.
KEY WORDS: Intraosseous access; fibrinogen concentrate; traumatic hemorrhage; hemostatic therapy; pigs.

F ibrinogen concentrate is increasingly considered as a hemo-
static agent for traumapatients experiencingbleeding.1Y3During

ongoingbleeding, theplasmaconcentrationoffibrinogenbecomes
critically low earlier than that of any other coagulation factor,4 and
low plasma fibrinogen is usually the primary coagulation factor

deficiency detected in trauma patients.5 An investigation of the
prehospital use of fibrinogen concentrate is currently in progress,
to evaluate the effects of such early intervention in trauma.6

In emergency medicine, placing a venous access is some-
times challenging, especially in hypovolemic patients during
traumatic hemorrhage. In cases where intravenous access would
be time consuming to establish, intraosseous access is recom-
mended in some trauma guidelines as an alternative route for fluid
and drug administration.7,8 It has been proposed that prehospital
blood product administration becomes more commonplace.8 In
recent years, the EZ-IO (Vidacare Corp., Shavano Park, TX)
intraosseous device has been used increasingly frequently in
prehospital medicine and combat care as well as in hospital
emergency departments.8Y13 The percentage of trauma patients
in studies of EZ-IO use has varied between 5% and 100%.11

Intraosseous administration of hemostatic agents (fresh
frozen plasma [FFP], activated recombinant factor VII [rFVIIa])
has been reported in single cases.9,11 However, the evidence
supporting intraosseous transfusion of blood products in trauma
management has recently been questioned.14 The same authors
postulated that intraosseous maximum flow rates are inadequate
for successful resuscitation. Intraosseous application of coagu-
lation factor concentrates such as fibrinogen concentrate may be
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more feasible because of the lowvolumes of these treatments, but
this has not yet been studied. It is unknownwhether intraosseous
administration of fibrinogen concentrate would restore fibrino-
gen levels and fibrin clot quality after severe bleeding. Further-
more, it is not known how intraosseous administration would
compare with the intravenous route in terms of fibrinogen re-
covery or what effects intraosseous administration may have on
the punctured bone.

We aimed to investigate the effects of intraosseous ad-
ministration of fibrinogen concentrate on plasma fibrinogen
levels and thromboelastometric parameters such as clot strength.
Aporcinemodel of severe blood loss and hemodilutionwas used,
on the basis that pigs provide awell-established model of trauma
and coagulation.15Y18 We hypothesized that intraosseous ad-
ministration of fibrinogen concentrate would result in the same
in vivo recovery of fibrinogen as intravenous administration,
without causing clinically significant alterations to the bone
marrow at the puncture site.

MATERIALS AND METHODS

Animals
Twelve healthy male pigs (German domestic pigs from

Münichsthal, Austria; age range, 12Y16 weeks) were investi-
gated for the study.

The experimental protocol was approved by the Animal
Protocol Review Board of the City Government of Vienna,
Austria, (protocol number: MA58-005750/2012/9), and our
center is certified by the same review board for performing
animal studies. All experiments were performed under condi-
tions described in the Guide for the Care and Use of Labo-
ratory Animals, as defined by the National Institutes of Health.
Pairs of pigs were studied in parallel, with random allocation of
one from each pair to the intraosseous (IO, n = 6) and intra-
venous (IV, n = 6) groups.

Anesthesia, Surgical Preparations, and
Cardiorespiratory Monitoring

Anesthesia was induced intramuscularly with a combi-
nation of butorphanol (0.17 mg/kg; Alvetra and Werfft AG,
Vienna, Austria), medetomidine (0.03 mg/kg; Eurovet Animal
Health, Bladel, Netherlands), and midazolam (0.5 mg/kg/h;
Nycomed, Linz, Austria) followed by intravenous (ear vein)
ketamine (0.07 mg/kg; Pfizer, Vienna, Austria). The trachea
was intubated with a 6.5-mm tracheal tube, and volume control
ventilation was performed to maintain end-tidal CO2 between
4.5 and 5.5 kPa.

Anesthesiawas maintained intravenously with midazolam
(0.8 mg/kg/h), sufentanil (8 Kg/kg/h; Janssen, Vienna, Austria),
and rocuronium (5 mg/kg/h; Organon, Oss, the Netherlands).
Catheters were placed by direct preparation and incision of the
left external jugular vein and left carotid artery for standard fluid
therapy, invasive blood pressure monitoring, and blood with-
drawal (according to the standardized pig anesthesia protocol). A
14Fr catheterwas inserted suprapubically into the bladder.Mean
arterial pressure, heart rate, oxygen saturation, and ventilation
parametersweremonitored continuously,while arterial bloodgas
analysis was performed and lactate was measured at blood
sampling time points.

Experimental Protocol
A schematic illustration of the experimental protocol is

depicted in Figure 1. After induction of anesthesia and instru-
mentation, hemorrhagewas simulated bywithdrawing35-mL/kg
blood through an arterial catheter within a period of 30 minutes
(withdrawal rate approximately 30Y50 mL/min). Then, for pigs
randomized to the IO group, intraosseous access was estab-
lished in the proximal medial tibia with a 15 gauge, 15-mm
intraosseous needle set and EZ-IO drill machine (Vidacare
Corp). After aspiration of blood/bone marrow for insertion
control, the intraosseous access was flushed with 20 mL of

Figure 1. Experimental procedure and time points of laboratory investigation for comparison of IO versus IV administration of
fibrinogen concentrate.
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saline. The immediate next step, to induce dilutional coagu-
lopathy, was a bolus administration of 1,000 mL of a balanced
crystalloid solution (ELO-MEL isoton, Fresenius Kabi, Graz,
Austria) via the intraosseous access, with the flow rate ad-
justed for administration to be completed within 30 minutes. To
achieve adequate flow rates, a standard pneumatic infusion
pressure device was used as appropriate. In the IV group,
dilutional coagulopathy was induced via the external jugular
vein using the same solution and flow rate as in the IO group. In a
third step, after hemorrhage and fluid replacement, 80-mg/kg
fibrinogen concentrate was infused from 2 g/100 mL vials
(Haemocomplettan P, CSL Behring, Marburg, Germany;
reconstituted approximately 15 minutes before administra-
tion), via either the IO or the IV route. A 50-mL syringe was
used with manual pressure to complete this step in approxi-
mately 5 minutes. After fibrinogen concentrate administration,
the IO needle or IV access was flushed with an infusion of
100 mL saline over approximately 30 minutes and left in place
until the end of the experiment.

Study Measurements, Blood Sampling, and
Analytic Methods

Baseline arterial blood sampleswere drawn at the beginning
of the experimental protocol (Fig. 1) for themeasurement of blood
cell count, plasma fibrinogen level, prothrombin time index (PTI)
and activated partial thromboplastin time (aPTT), as well as
ROTEM (Tem International GmbH, Munich, Germany) analysis.
The same measurements were repeated after in vivo hemodilution
and 30 minutes after fibrinogen concentrate therapy.

For the coagulation analyses, blood was initially collected
in 3.5-mL tubes containing 0.35-mL buffered 3.2% trisodium
citrate (Vacuette, Greiner Bio-One, Linz, Austria), giving a
volume ratio for citrateYwhole blood of 1:9. Aliquots of citrated
blood were centrifuged immediately at 2,800 G for 15 minutes
to obtain plasma. Fibrinogen (Clauss method; Multifibren U,
Siemens, Marburg, Germany) and aPTT (Actin FS, Siemens)
were analyzed with a KC-10 steel ball coagulometer (Amelung
GmbH, Lemco, Germany). PTI (Thromborel S, Siemens) was
run on a Sysmex CA 1500 device (Siemens).

Measurement of hematocrit (Hct), hemoglobin con-
centration (Hb), white blood cell (WBC) count, and platelet
(Plt) count was performed with a CELLDYN 3700 instrument
(Abbott, Vienna, Austria), using appropriate animal settings.

Thromboelastometric Measurements
ROTEM analyses were then performed in two ways as

follows: (1) standard EXTEM and FIBTEM assays, immedi-
ately after citrated whole blood was drawn; and (2) EXTEM
assay in platelet-free plasma (PFP), obtained by centrifuging
(2,800 G for 15 minutes) and filtering (0.22 Hm) the citrated
blood samples.

All assays were initiated by the addition of 20-KL CaCl2,
200-mmol/L and 20-KL ex-tem reagent (Tem International
GmbH,Munich,Germany), providing extrinsic activation through
tissue factor. In the FIBTEM assay, additional cytochalasin D
inhibits platelets’ contribution to clot strength by preventing cy-
toskeletal reorganization. Because the commercially available
FIBTEM assay does not sufficiently inhibit platelets in porcine
blood samples, we also performed the EXTEM in PFP, to estimate

fibrin polymerization in plasma without platelets. The following
ROTEMvariableswere analyzed: clotting time (CT [second]; time
from the start of measurement until formation of a clot of 2 mm in
amplitude); clot formation time (CFT [second]; time from the end
ofCTuntil a clot firmness of 20mmwas achieved); andmaximum
clot firmness (MCF [mm]; maximum strength of the clot, deter-
mined by the interaction of fibrin, activated platelets and factor
XIII). In FIBTEM and PFP EXTEM, only MCF was analyzed.

Fibrinogen Recovery
In vivo recovery of fibrinogen was calculated as the actual

increase in fibrinogen level observed after an administration of
fibrinogen concentrate, divided by the expected increase in fi-
brinogen, where the expected increase in fibrinogen was the
dose of fibrinogen divided by the plasma volume. The plasma
volume (mL)was calculated as 70 (mL/kg)� bodyweight (kg)�
(100 j Hct) / 100.19

Histology and Other Safety Assessments
At the end of the experiment (30 minutes after fibrino-

gen concentrate administration), animals were euthanized. The
proximal tibia (with intraosseous access) was extracted from
each pig in the IO group and preserved for histologic evalua-
tion of the bone marrow. The corresponding tibia without any
puncture was extracted from IV group animals for control in-
vestigation. In three IO group animals, the tibia, which had not
been used for study therapy, underwent intraosseous puncture
and was flushed with 20-mL saline. These bones were investi-
gated to provide additional histomorphologic comparison.

For each tibia, three samples (each approximately 1 cm3)
from around the injection site were prepared using a clinical
pneumatic bone saw and fixed in 4% neutral buffered formalin
for 48 hours. Samples were rinsed with water and cut into slices
5 mm thick using a band saw. After decalcification, the slices
were dehydrated in a graded series of alcohol and embedded in
paraffin. Sections of 4-Hm to 6-Hm thickness were cut with a
rotary microtome and dried overnight. After deparaffinization,
sections were stained, first, with hematoxylin-eosin and, sec-
ond, with Weigert’s iron hematoxylin followed by Martius/
Scarlet/Blue to stain fibrin red, collagen blue, and erythrocytes
yellow.

The sections were inspected for abnormalities by a senior
pathology consultant.

Statistical Analysis
The number of animals included in the study was based

on previous porcine studies involving trauma and coagula-
tion. Normal distribution of data was evaluated using the
Kolmogorov-Smirnov test. Normally distributed data were
expressed as mean (SD), and data not following the normal
distribution were expressed as median and interquartile range.
A repeated-measures analysis of variance was used to detect
differences between time points (baseline, dilution, therapy),
and a Newman-Keuls post hoc correction for multiple com-
parisons was applied. The Student’s t test (normal distribution)
or theMann-Whitney U-test (nonnormal distribution) was used
to assess differences between the IO and IV groups at each time
point. A two-tailed p G 0.05 was considered statistically sig-
nificant. All statistical calculations were performed using
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commercially available statistical software (GraphPad Prism 5,
GraphPad Software, La Jolla, CA).

RESULTS

All animals were treated according to the experimental
protocol (Fig. 1) and survived until the end of the study. The
mean (SD) body weight was 34.1 (2.8) kg (range, 30.3Y38.7 kg),
mean (SD) blood loss was 1,195 (97) mL (not including blood
sampling), and the mean dose of fibrinogen concentrate was

2.7 (0.2) g, with no significant differences between the IO and
the IV group.

After hemorrhage and dilution, Hct, Hb, and Plt were
lower than at baseline, while WBC count had increased
(Table 1). At the same time, PTI had decreased significantly
from baseline, whereas aPTT had increased. Fibrinogen ad-
ministration did not influence PTI or aPTT, and all laboratory
parameters were comparable between the IO and IV groups at all
time points.

With regard to plasma fibrinogen levels and PFP MCF,
the same pattern of results was observed in both study groups
(Table 1, Fig. 2). No significant between-group differences
were observed with either parameter at any of the study time
points. Plasma fibrinogen levels decreased significantly after
hemodilution and were subsequently increased by administra-
tion of fibrinogen concentrate, although baseline levels were not
restored (Table 1, Fig. 2A). PFPMCFalso decreased in response
to hemodilution, but unlike plasma fibrinogen, levels increased
significantly above baseline after the administration of fi-
brinogen concentrate (Fig. 2B).

ROTEM results from the EXTEM assay (CT, CFT,MCF)
and from the FIBTEM assay (MCF) are presented in Figure 3A
to D. For all parameters, there were no significant differences
between the IO and IV groups at baseline, hemodilution, or
after the administrationoffibrinogen concentrate. In bothgroups,
hemorrhage followed by dilution resulted in a shortening of
EXTEM CT, a prolongation of CFT, and a reduction of MCF.
Following administration of fibrinogen concentrate, CT was
shortened further, while CFT and MCF returned to baseline.

Fibrinogen recovery, based on Clauss assay results,
was 89% (23%) in the IO group and 91% (22%) in the IV group
( p = 0.85).

Microscopic investigation of the punctured bone revealed
normal bone marrow and few fibrin strands around the needle
channel, regardless of whether fibrinogen concentrate was
administered. Fibrin strands were also found in unpunctured
control bones, albeit in smaller quantities. Examples of the micro-
scopic images are shown in Figure 4. Hemodynamic monitoring

TABLE 1. Blood Cell Count and Standard Coagulation Tests
at Baseline, After In Vivo Hemodilution, and After IO or IV
Therapy With Fibrinogen Concentrate

Baseline Dilution Therapy Analysis of Variance

Hct, %

IO 28.5 (2.4) 19.3 (1.8) 19.0 (2.3) G0.0001

IV 29.8 (1.6) 20.4 (0.9) 19.6 (1.0) G0.0001

Hb, g/dL

IO 10.1 (0.8) 6.8 (0.6) 6.7 (0.8) G0.0001

IV 10.6 (0.6) 7.3 (0.4) 7.1 (0.4) G0.0001

Plt, K/HL

IO 375 (94) 311 (75) 312 (66) 0.0019

IV 385 (87) 326 (63) 331 (71) 0.0010

WBC, K/HL

IO 16.9 (4.2) 19.5 (6.2) 21.6 (6.0) 0.1105

IV 14.2 (2.1) 18.4 (5.2) 22.9 (5.3) 0.0009

PTI, %

IO 112 (11) 101 (5) 98 (4) 0.0167

IV 114 (8) 103 (9) 99 (8) G0.0001

aPTT, s

IO 13.3 (0.8) 14.1 (0.5) 14.0 (0.6) 0.0066

IV 13.8 (0.8) 14.6 (0.6) 14.3 (0.7) 0.0010

Fibrinogen, g/L

IO 3.9 (0.5) 2.1 (0.2) 3.3 (0.4) G0.0001

IV 3.8 (0.7) 2.0 (0.2) 3.3 (0.4) G0.0001

Figure 2. Effects of intraosseous versus intravenous fibrinogen concentrate on plasma fibrinogen level (A) and thromboelastometric
MCF (B) of platelet-free plasma activated with EXTEM. Data presented are median, interquartile range, and range. Shaded boxes
represent the IO group; white boxes represent the IV group. ns, not significant.
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and respiratory variables showed no differences between the
two study groups, with no signs of abnormalities.

DISCUSSION

In this preclinical invivo study,we showed that intraosseous
administration of fibrinogen concentrate is feasible and results in
similar in vivo recovery to intravenous administration. The same
pattern of resultswas observed in both study groupswith regard to
plasma fibrinogen levels and PFP MCF. Importantly, histologic
examination indicated no adverse effects on bone marrow tissue
surrounding the intraosseous administration site.

We are unaware of any previous studies of intraosseous
fibrinogen concentrate, but a preclinical study of intraosseous
rFVIIa has been published. Wright et al.20 designed a porcine
study to determine whether intraosseous infusion of rFVIIa is
feasible during hemorrhagic shock. They concluded that this
route of administration is safe and delivers sufficient blood levels
of rFVIIa to improve hemostasis during shock. Plewa et al.21

investigated the hematologic safety of intraosseous autologous
whole-blood transfusion (20 mL/kg) in a porcine model of
hemorrhagic shock, with follow-up to 48 hours after transfusion.

All laboratory values including platelets andfibrinogen remained
within normal limits at all time points, and there were no dif-
ferences between animals receiving intraosseous transfusion and
control animals receiving intravenous transfusion. No fat em-
bolus was noted, and all lung and kidney specimens were free
from inflammation.

With regard to intraosseous administration of hemostatic
agents in humans, Cooper et al.9 reported single cases where
FFP and rFVIIa were administered using the EZ-IO system in a
military setting. However, they did not provide data on in vivo
recovery or safety of these interventions. Burgert22 reported
intraosseous infusion of red blood cells, FFP, and epinephrine
via an EZ-IO device in an adult patient with hemorrhagic
shock. The EZ-IO device was in place for 14 hours, and no
complications were reported. However, maximum flow rates
of intraosseous administration are considered inadequate for
effective damage-control resuscitation with allogeneic blood
products.14 Administration volumes are much reduced with
coagulation factor concentrates, making themmore suitable for
this route of administration. Thus, in our study, a mean dose
of 2.7-g fibrinogen concentrate (135 mL) was administered
intraosseously with manually operated 50-mL syringes over a

Figure 3. Effects of intraosseous versus intravenous fibrinogen concentrate on thromboelastometric measurement of whole blood,
using EXTEM CT (A), CFT (B), and MCF (C) as well as FIBTEM MCF (D). Data presented are median, interquartile range, and range.
Shaded boxes represent the IO group; white boxes represent the IV group. ns, not significant.
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few minutes without using a pressure infusion device. No
difficulties were encountered with this approach, and adequate
recovery of plasma fibrinogen levels was observed.

In the present study, prolongation of CFTand reduction of
MCF suggested hypocoagulability after hemorrhage and dilu-
tion. However, hemodilution also shortened CT. This is in line
with previous in vitro observations, which showed the same
effect with up to 40% hemodilution using crystalloids.23,24

Shortened CT suggests enhanced thrombin generation, and ac-
cordingly, Dunbar and Chandler25 showed increased thrombin
generation following dilution of plasma proteins. This finding
can be explained by the dilution of coagulation inhibitors, mainly
antithrombin III.26 Administration of fibrinogen concentrate
further reduced CT in our study. This effect was also observed in
an in vitro study by Bolliger et al.,27 although the explanation
remains to be determined. One hypothesis is that the therapeutic
increase in the fibrinogen concentration inwhole blood increases
the availability of coagulation substrate (i.e., fibrinogen), en-
abling the required clot amplitude of 2 mm to be reached more
quickly. In clinical practice, treatment with fibrinogen concen-
trate as first-line therapy may potentially correct prolonged
EXTEM CT, if the prolongation is primarily caused by insuffi-
cient availability of clot substrate as opposed to deficient
thrombin generation. After administration of fibrinogen con-
centrate, which improves substrate availability, persistence
of prolonged CT could be interpreted as reduced thrombin

generation, which could be increased by administering either
prothrombin complex concentrate or FFP.28 This observation
supports administration of fibrinogen concentrate with subse-
quent reevaluation by thromboelastometry before treatment with
prothrombin complex concentrate or FFP in bleeding trauma
patients, and this approach is proposed in coagulation manage-
ment algorithms.28,29

The use of fibrinogen as first-line procoagulant therapy in
bleeding trauma patients is the main reason why we chose to
investigate fibrinogen concentrate. It is increasingly recognized
that levels of fibrinogen are depleted in trauma to an extent
greater than other coagulation factors and that fibrinogen sub-
stitution is often essential to maintain effective clotting.1,30,31 In
the clinical setting, fibrinogen concentrate therapy has been
shown to be effective in maintaining plasma fibrinogen con-
centration and fibrin-based clot strength as measured by the
FIBTEM assay.32 In another study, low fibrinogen levels at ad-
mission to the emergency department were associated with poor
outcomes, and mortality was reduced in trauma patients re-
ceiving early fibrinogen supplementation.33

Our examination of bone marrow following intraosseous
administration of fibrinogen concentrate indicated that the
physicochemical characteristics of this product (e.g., osmolality,
pH) had no impact on the tissue. According to the manufac-
turer’s information, reconstituted fibrinogen concentrate has an
osmolality of approximately 280 mosmol/L (obligatory range,

Figure 4. Typical examples of histologic slices (hematoxylin-eosin and Martius/Scarlet/Blue staining) from unpunctured bone
marrow space (A) and from punctured bone either without (B) or with (C) fibrinogen concentrate administration. First row represents
an overview of the captured slice. The puncture channel is approximately 10mm to 15mm in length. The second row provides 4-fold
magnification, and the third row shows 20-fold enlargement of the first row slices.
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240Y320 mosmol/L) and pH of 7.3 (obligatory range, 6.5Y7.5)
(personal communication, CSL Behring, Marburg, 2013). His-
tologic investigations of the punctured and infused bones also
showed no signs of thrombosis or clotting in the spongiosa. Fi-
brin strands were seen perifocal to the intraosseous puncture site
in all slices, regardless of whether fibrinogen concentrate was
administered. Thus, the fibrin strands are likely to represent a
physiologic response to the insertion of the intraosseous needle.
It is of interest that even unpunctured bones showed small
amounts of fibrin, although this is considered to be a postmor-
tem artefact. In our study, all experiments were finished within
30 minutes of fibrinogen concentrate administration, so we
cannot exclude the possibility of delayed-onset effects occur-
ring after the observation period. However, it would have been
difficult to implement a longer observation period because of
endogenous fibrinogen rebound in pigs after hemorrhage and
fluid resuscitation. Thus, within 24 hours, fibrinogen levels
would be expected to rebound significantly above baseline
values even in the absence of fibrinogen supplementation.34

Our investigation focused on the feasibility of intraosseous
administration of fibrinogen concentrate and compared the ef-
fects of such treatment on laboratory parameters with those of
intravenous fibrinogen concentrate. The experiments were not
designed to show whether intraosseous administration alters the
hemostatic capabilities of fibrinogen concentrate in acute
bleeding. Previous porcine studies of intravenous fibrinogen
concentrate have shown that, compared with placebo, it can re-
duce bleeding inmodels of hemorrhagic trauma.15,16We assume
that intraosseously administered fibrinogen concentrate would
have similar effects, considering the similarity with intravenous
administration in terms of systemic availability after adminis-
tration. However, further studies would be needed to prove the
hemostatic effects of intraosseously administered fibrinogen
concentrate. Despite these limitations, based on the present
findings, it should now be possible to investigate intraosseous
administration of fibrinogen concentrate in humans with life-
threatening bleeding.

CONCLUSION

Based on the results of this in vivo porcine study,
intraosseous application of fibrinogen concentrate seems fea-
sible and results in in vivo recovery of fibrinogen similar to that
of intravenous application. In situations where intravenous
vascular access is not possible or would be time consuming, the
intraosseous route might be considered as a possible option for
rapid administration of fibrinogen concentrate.
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