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Intraosseous Vascular Access Bibliography
Anatomy, Physiology and Pathology

YEAR: 2018

Beverly M, Mellon S, Kennedy JA, Murray DW. Intraosseous pressure during loading and with vascular occlusion in an animal
model. Bone Joint Res 2018;7(8):511-6

This article studied subchondral intraosseous pressure (IOP) in an animal model during loading and with vascular occlusion. IOP recordings
from 5 femoral condyles and 7 proximal tibias in 5 rabbit subjects were obtained. The effect on IOP of loading by 1 body weight, arterial
occlusion then loading, and venous occlusion then loading were assessed. A load of 1 body weight caused the basal IOP to rise as well as
IOP at various sites. A clip applied to the proximal femoral artery caused the IOP to fall while a clamp on the femoral vein caused the IOP
to rise. Saline injected into the femoral head caused pressure at the femoral condyle to increase and vice versa when saline was injected at
the femoral condyle. 10 injection of saline in the femur had no effect on IOP at the tibia. The authors conclude that IOP is not constant.

Beverly M, Murray D. Factors affecting intraosseous pressure measurement. J Orthop Surg Res 2018;13(1):187.
doi:10.1186/s13018-018-0877-z

This study explored the physiology of normal subchondral perfusion and IOP. Using 21 anesthetized rabbits intraosseous pressure (IOP)
was measured using 10 needles in the subchondral cancellous bone of the femoral head, femoral condyle, and proximal tibia. A series of
experiments investigated the following: normal baseline IOP; method of measuring; IOP wave forms; drug administration; relationship
between systemic blood pressure, IOP and pulse pressure; relationship between IOP and pulse pressure; and vascular occlusion. The
authors concluded that subchondral cancellous bone behaves as a perfused tissue and that IOP is mainly a reflection of arterial supply. A
single measure of IOP can vary and reflects only perfusion at the needle tip.

YEAR: 2017

Bewick VJ. Intraosseous cannulation in children. Anaesth Intens Care Med 2017;18(11):551-4. UK

This article describes the anatomy and physiology of 10 cannula insertion as well as indications and contraindications of 10 use. Devices
and techniques as applied to the pediatric population are discussed, including EZ-10.

Jansen G, Leimkuhler K, Mertzlufft F. Intramedullary placement of intraosseous cannulas inserted in the preclinical treatment of
polytrauma patients: A retrospective, computed tomography-assisted evaluation. Anaesthesist 2017;66(3):168-76.
doi:1031007/s00101-016-0257-1

This article describes a retrospective, CT-assisted evaluation of IO cannula placement. Over a 5 year period all multislice-CT trauma scans
performed in a trauma center were monitored for intraosseous devices in situ. 982 patients were evaluated and 13 IO cannulas were found
in 11 patients. In all cases, the EZ-10 device was used. Evaluation of placement found that all applications were placed correctly, but none
were according to current guidelines. The site of puncture deviated in all cases with the most common error of overshooting during needle
introduction. (Article in German)

Jousi M, Saikko S, Nurmi, J. Intraosseous blood samples for point-of-care analysis: Agreement between intraosseous and arterial
analyses. Scand J Trauma Resusc Emerg Med 2017;25(1):92. d0i.10.1186/s13049-017-0435-4

Study using 31 healthy volunteers to evaluate 10 blood samples drawn from the proximal tibia compared to arterial and venous samples
using a POC lab device. Two samples were drawn from each site with no significant difference observed in the results with or without waste
blood. Results varied particularly between the arterial and 10 samples; and for several parameters. Authors concluded that |10 blood
samples may be evaluated using the i-STAT® point-of-care analyser; and results should be interpreted with care in the clinical situation
context.

Nassar BS, Kerber R. Improving CPR performance. CHEST 2017;152(5):1061-9. d0i:10.1016/j.chest.2017.04.178

This manuscript provides an overview of CPR physiology, especially as it relates to compression and ventilation. The placement of
peripheral and central venous catheters can interfere with compressions. As such, 10 access is an alternative that allows drug
administration with similar pharmacokinetics and absorption as peripherally administered medications and a higher insertion success rate
(>80%).

Osbun N, Rogers MJ, Walsh TJ, Yang C. Peripheral rapid infusion via the corpus cavernosum: An investigation of penile vascular
access flow rates. J Trauma Acute Care Surg 2017;83(5):975-7. doi:10.1097/TA.0000000000001668

This study investigates infusion flow rates through a standard 16-gauge peripheral angiocatheter inserted into a single corpus cavernosum
of the penis to support the hypothesis that the penis can be an efficient means of providing rapid fluid resuscitation. This study suggests
that the penis may be an alternative to traditional vascular access routes (peripheral IVs, |0 insertion, central venous catheters, and vein
cutdown procedures) when vascular access is difficult. Flow rates in the study were comparable and in some cases superior to other
alternative means of vascular access.

YEAR: 2016

Burgert JM, Johnson AD, Garcia-Blanco J, et al. The effects of proximal and distal routes of intraosseous epinephrine
administration on short-term resuscitative outcome measures in an adult swine model of ventricular fibrillation: A randomized
controlled study. Am J Emerg Med 2016;34:49-53. doi:10.1016/j.ajem.2015.09.007

Preclinical RCT evaluating the relationships between the anatomical distance of 10 epinephrine and measures of resuscitative outcome in
an adult swine model of ventricular fibrillation (VF). There were no significant differences between the HIO, TIO, and IV groups relative to
the occurrence of ROSC, 30-minute post-ROSC survival, and time to ROSC. The anatomical distance of |0 epinephrine injection from the
heart did not affect short-term measures of resuscitative outcome in an adult swine model of VF including the occurrence of ROSC, 30
minute post-ROSC survival, and time to ROSC. Rapidly administered epinephrine, irrespective of route of administration, increased the
chance of ROSC and survival to 30 minutes post-ROSC in this study.
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Kehrl T, Becker BA, Simmons DE, Broderick EK, Jones RA. Intraosseous access in the obese patient: Assessing the need for
extended needle length. Am J Emerg Medicine 2016;34(9):1831-4. doi:10.1016/j.ajem.2016.06.055

This study examined the relationship between body mass index (BMI), the ability to palpate the tibial tuberosity (TT), and soft tissue depth
at recommended |0 insertion sites in obese patients using ultrasound. Authors concluded in obese adults with a palpable TT or BMI <43, a
25 mm 10 needle is likely adequate at the proximal and distal tibial insertion sites; and at the proximal humerus site a 45 mm is
recommended.

Petitpas F, Guenezan J, Vendeuvre T, Scepi M, Oriot D, Mimoz O. Use of intra-osseous access in adults: A systematic review.
Crit Care 2016;20:102. d0i:10.1186/s13054-016-1277-6.

This article reports the results of a systematic review using PubMed for current evidence through 2015 for intraosseous (I0) vascular
access use in adults requiring resuscitative procedures. General anatomy, indications and contraindications and available devices are
discussed. Authors determined 10 infusion is indicated in all critical situations with difficult vascular access; contraindications are few; and
serious complications uncommon.

France

Puga TA, Montez DF, Davlantes C, Miller LJ, Philbeck TE. Swine study shows no intramedullary effects of power-injected contrast
media using intraosseous access. J Vasc Access 2016;17(4):e16

A preclinical study evaluating the immediate effects of power injected contrast media on the medullary space of anesthetized swine.
Contrast media (150 mL) was administered at a rate of 5 mL/second. For each limb receiving power injection a control limb was submitted
for evaluation. The pathologist was blinded to which limb received power injection. Results showed no histological difference in limbs
receiving and not receiving power injection.This study was sponsored by Teleflex Incorporated.

Wilson J, Passmore A, Leger S, Lannan J, Bentley M, Johnson D. Effects of tibial intraosseous and intravenous administration of
Hextend on tiem of administration and hemodynamics in a hypovolemic swine model. Am J Disaster Med 2016;11(3):193:201.
doi:10.5055/adjm.2016.0239

A preclinical study comparing administration of Hextend via IV and tibial intraosseous (10) access routes for time for administration and
hemodynamic measures in a hypovolemic swine model. Following exsanguination, 500 mL of Hextend was administered via both routes; a
control group received no Hextend. Hemodynamic measures data were collected every 2 minutes for 8 minutes. The mean time for
administration in the IV group was 10 minutes 16 seconds (+ 2 minutes 47 seconds), and for the 10 group it was 10 minutes 12 seconds (+
1 minutes 36 seconds). There was no significant difference in systolic blood pressure, diastolic blood pressure, mean arterial pressure,
cardiac output, and stroke volume.

YEAR: 2015

Bradburn S, Gill S. Understanding and establishing intraosseous access (317). World Federation of Societies of
Anaesthesiologists. June 26, 2015

This document is a tutorial provided by the World Federation of Anaesthesiologists geared at understanding and establishing intraosseous
access. It provides an overview of venous blood drainage from bones as well as indications, contraindications, common access sites,
advice for establishing access, an overview of device types, insertion techniques, and complications.

Foley LS, Kulungowski AM. Vascular anomalies in pediatrics. Adv Pediatr 2015;62(1):227-55. d0i:10.1016/j.yapd.2015.04.009.
http://dx.doi.org/10/1016/i.yapd.2015.04.009

This article describes various pediatric vascular anomalies, including intraosseous vascular malformations which can lead to weakness in
the bone diaphysis, predisposing to pathological fracture.

Frascone RJ, Salzman JG, Adams AB, Bliss P, Wewerka SS, Dries DJ. Evaluation of intraosseous pressure in a hypovolemic
animal model. J Surg Res 2015;193(1):383-90. http://dx.doi.org/10.1016/j.jss.2014.07.007

Preclinical study to determine whether intraosseous pressure (IOP) could be consistently recorded and similarity of IOP to central venous
and arterial pressure in a porcine hemorrhagic shock model. IOP tracings were tracked reliably from the proximal humerus, distal femur,
and proximal tibia. Baseline IOP ranged from 16-18 mm Hg among the three sites, which was approximately 23% of arterial pressure. This
study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Johnson D, Garcia-Blanco J, Burgert J, et al. Effects of humeral intraosseous versus intravenous epinephrine on
pharmacokinetics and return of spontaneous circulation in a porcine cardiac arrest model: A randomized control trial. Ann Med
Surg 2015;4(3):306-10. doi:10.1016/j.amsu.2015.08.005

Prospective preclinical study by to determine the effects of humeral IO (HIO) and IV epinephrine administration during cardiac arrest on
pharmacokinetics, ROSC, and odds of survival. There were no significant differences in ROSC, maximum concentration; except at 30 s,
and time-to-concentration-maximum between the HIO and IV groups. Significant differences existed between the experimental groups and
the control. The HIO delivered a higher concentration of epinephrine than the IV route at 30 s, which they noted may be a survival
advantage. Authors suggested clinicians consider using the 10 route to administer epinephrine when IV access is unobtainable.

Montez DF, Puga T, Miller L, et al. Intraosseous infusions from the proximal humerus reach the heart in less than 3 seconds in
human volunteers. Ann Emerg Med 2015;66(4s):S47. http://dx.doi.org/10.1016/j.annemergmed.2015.07.165

In a healthy adult volunteer study contrast media was injected through the proximal humerus site and captured under fluoroscopy as it
entered the heart. The mean time it took from injection at the insertion site to visualize contrast entry into the superior vena cava and the
right atrium was 2.42 seconds. Abstract presented at ACEP 2015. This study was sponsored by Teleflex Incorporated.
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Overbaugh R, Davlantes C, Miller L, Montez D, Puga T, Philbeck TE. Intraosseous vascular access catheter appears safe during
extended dwell: a preliminary report. Ann Emerg Med 2015;66(4):S5

Abstract describing preliminary results for the first 24 subjects of an EZ-10 study evaluating catheter dwell times for 48 hours. Initial data
indicate that 10 vascular access can be safely maintained for a period up to 48 hours without risk of osteomyelitis or other serious adverse
events. Authors also noted that additional analgesics for 10 infusion pain management may be more effective than the current solely
administering lidocaine into the 10 space. This study was sponsored by Teleflex Incorporated.

Pasley J, Miller CHT, DuBose J, et al. Intraosseous infusion rates under high pressure: a cadaveric comparison of anatomic
sites. J Trauma Acute Care Surg 2015;78(2):295-9. DOI: 10.1097/TA.0000000000000516

A cadaveric study evaluating intraosseous (I0) vascular access insertion sites for attainable flow rates under 300 mmHg. The EZ-10 was
used to establish 10 access at the proximal humerus and proximal tibia sites; the FAST1 was used to establish sternal IO access. The total
volume of fluid infused at the three 10 access sites was 469 + 190 mL for the sternum; 286 + 218 mL for the humerus; and 154+ 94 mL for
the tibia. The mean flow rate infused at each site was as follows: 93.7 + 37.9 mL/min for the sternum; 57.1 + 43.5 mL/min for the humerus;
and 30.7+ 18.7 mL/min for the tibia. First attempt placement success was 100% for the sternum and proximal humerus and 81% for the
tibia.

Puga T, Hanes MA, Miller LJ, et al. Intramedullary effects of power-infused contrast by intraosseous access. Ann Emerg Med
2015;66(4s):595

A preclinical study evaluating the immediate effects of power injected contrast media on the medullary space of anesthetized swine.
Contrast media (150 mL) was administered at a rate of 5 mL/second. For each limb receiving power injection a control limb was submitted
for evaluation. The pathologist was blinded to which limb received power injection. Results showed no histological difference in limbs
receiving and not receiving power injection. This study was sponsored by Teleflex Incorporated.

Salzman J, Burnett A, Frascone R, et al. Intraosseous pressure monitoring in critically ill and injured patient. Crit Care Med
2015;43(12 Suppl):abstract 183:47. doi: 10.1097/01.ccm.0000474011.25695.a8

A pilot study evaluating the relationship between intraosseous (I0) pressure measurements and blood pressure obtained via external blood
pressure cuff in ICU patients. Patients with 10 access established by EMS or in the emergency department with planned admission to the
ICU or surgical ICU were included in the study. External pressures were recorded every 15 minutes and 10 pressure was monitored via a
transducer for 12 continuous hours. Results showed IO pressures were approximately 30% of external blood pressure cuff readings.

Saul T, Siadecki SD, Berkowitz R, Rose G, Matilsky D. The accuracy of sonographic confirmation of intraosseous line placement
vs physical examination and syringe aspiration. Am J Emerg Med 2015;33(4):586-8. doi: 10.1016/j.ajem.2014.12.034

A preclinical study comparing three methods used to confirm intraosseous (1O) catheter tip placement within the 10 space. Using an
immature anesthetized swine, 8 IO needles were inserted, 4 properly placed within the 10 space and 4 placed in the subcutaneous tissue.
Physician sonographers (n=32) participated in the study and determine 10 proper and improper IO line placement using physical
examination, syringe aspiration, and ultrasonography after administering 5 cm3 of normal saline through each 10 line. Confirmation via
physical examination resulted in 32/32 successful evaluations; syringe aspiration resulted in 22/32 successful evaluations; and
ultrasonography resulted in 30/32 successful evaluations.

YEAR: 2014

Cervinksi MA. Laboratory analysis of intraosseous blood: bad to the bone? Clin Chem Lab Med 2014;doi:10.1515/ccIm-2014-0104
A letter to the editor questioning the practice of using IO blood for laboratory analysis. The author identifies there is a lack of clinical
evidence supporting 10 blood laboratory analysis and concludes that 10 access should be limited to infusion of fluid and medications until
the relationship of 10 blood to peripheral blood is defined.

Cervinski MA. Laboratory analysis of intraosseous blood: bad to the bone? Clin Chem Lab Med 2014;52(8):e187-9. doi:
https://doi.org/10.1515/cclm-2014-0104

This letter to the editor includes a brief review of the literature, discusses the limitations associated with studies on 10 derived blood
samples, and recommends 10 blood may only be useful in cases of suspected overdose for toxicology.

Lee BK, Jeung KW, Lee HY, et al. Confirmation of intraosseous cannula placement based on pressure measured at the cannula
during squeezing the extremity in a piglet model. Resuscitation 2014;85(1):143-7. doi: 10.1016/j.resuscitation.2013.09.001

In this pre-clinical study, investigators sought to determine if the pressure readings at the proximal tibia IO site served as a good indicator of
proper 10 placement when the foot of the limb was squeezed. Traditional methods used to determine correct IO placement, including
needle stability, aspiration of blood, and easy infusion, were used as comparators. Results showed the increased pressure reading at the
10 site successfully predicted correct 10 placement in all cases; traditional methods did not consistently correctly identify proper 10 needle
placement.

Pasley J, Miller C, Dubose J, et al. Intraosseous infusion rates under high pressure: a cadaveric comparison of anatomic sites.
2014 Annual Scientific Assembly for the Eastern Assoc for the Surgery of Trauma meeting. http://www.dtic.mil/cgi-
bin/GetTRDoc?AD=ADA597324. Published January 2014. Accessed May 12, 2014

This report describes a study conducted by the Air Force Research Laboratory comparing intraosseous infusion rates between IO sites in a
cadaveric model to determine if there is a site that is most effective for volume resuscitation. Using 16 cadavers procured within 72 hours of
death, 10 access was established in the proximal tibia and proximal humerus using the EZ-10O and in the sternum using the FAST1. Results
showed the mean flow rate in the sternum was 1.6 times greater than the humerus and 3.1 times greater than the tibia. An abstract
describing this report was presented by oral presentation at the 2014 annual scientific assembly for the Eastern Association for the Surgery
of Trauma meeting.
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Sontgerath JS, Rubal BJ, DeLorenzo RA, Morgan TL, Ward JA. Variability in intraosseous flush practices of emergency
physicians. Am J Emerg Med 2014;http://dx.doi.org/10.1016/j.ajem.2014.03.001

This prospective study sought to evaluate intraosseous flush practices of emergency physicians. Using cadavers, 15 emergency physicians
were asked to flush an 10 catheter placed in the proximal tibia and proximal humerus 10 insertion sites with 10 mL normal saline as they
would in clinical practice; IO pressure measurements were recorded using an 10 catheter inserted in the diaphysis of the target bones.
Results showed the median 10 pressure generated was 903 mmHg and the median flush duration was 5.2 seconds. Result showed
significant interoperator variability with greater than 35-fold difference in flush forces. The authors concluded that it may be prudent practice
for providers to extend the flush over several seconds to limit the maximal pressures.

Young SW, Zhang M, Freeman JT, Mutu-Grigg J, Pavlou P, Morre GA. The Mark Coventry Award: Higher tissue concentrations of
vancomycin with low-dose intraosseous regional versus systemic prophylaxis in TKA. Clin Orthop Relat Res 2014;472(1):57-65.
doi:10.1007/s11999-013-3038-z

This randomized, controlled study compared tissue concentrations at the surgical site of regionally and systemically administered
prophylactic vancomycin, in 30 patients undergoing total knee arthroscopy. The antibiotic was administered using three methods: 250mg
through 10 regional administration in the proximal tibia (IORA); 500mg through IORA; and 1g administered systemically through IV. Results
showed the tissue concentration of vancomycin was greater in the 250mg IORA group than the systemic IV group, and the 500mg IORA
group had higher concentrations than both groups.

YEAR: 2013

Frascone RJ, Salzman JG, Bliss P, Adams A, Wewerka SS, Dries DJ. Decreasing intraosseous pressure and increasing
respiratory variability track fluid volume reduction in a porcine hypovolemia model. Ann Emerg Med 2013;62(4S):S14

A pre-clinical study that evaluated use of intraosseous (I0) pressure as an indicator of changes in fluid volume status during a hemorrhagic
shock protocol. Central venous and arterial pressures were used as comparators. Results showed IO pressure decreased consistently
during the controlled shock protocol. Authors concluded IO pressure appears to be equivalent to CVP as an indicator of fluid volume status.
This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Frascone RJ, Salzman JG, Bliss P, Adams A, Wewerka SS, Dries DJ. Intraosseous pressure tracings mimics arterial pressure
tracings in timing and contour. Ann Emerg Med 2013;62(4S):S13 - 4

A pre-clinical study that compared intraosseous (10), central venous and arterial pressure tracings in a porcine model. Results showed that
10 pressure was approximately 25% of arterial pressure. A sampling of 10 blood gases revealed oxygenation levels of venous blood. This
study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Frascone RJ, Salzman JG, Ernest EV, Burnett AM. Use of an intraosseous device for invasive pressure monitoring in the ED. Am
J of Emerg Med 2014;32(6):692.e3-692.e4.d0i:10.1016/j.ajem.2013.12.029

A case study describing intraosseous pressure monitoring, through tibial IO access, using a standard arterial pressure monitoring
transducer during resuscitation of a 31-year-old male in cardiac arrest. Pressure readings were recorded for approximately 53 minutes and
were compared to non-invasive blood pressure cuff monitoring at the same time points. 10 systolic, diastolic and mean 10 pressures were
approximately 40% of arterial pressures. This is the first case report demonstrating 10 space has a measureable blood pressure and it
correlates with pressure obtained through conventional techniques.

Lairet J, Bebarta V, Lairet K, et al. A comparison of proximal tibia, distal femur, and proximal humerus infusion rates using the
EZ-10 intraosseous device on the adult swine (Sus scrofa) Model. Prehosp Emerg Care 2013;17:280-4.
D0i:10.3109/10903127.2012.755582

Pre-clinical study comparing flow rates acheived after insertion with the EZ-10 in the proximal tibia, distal femur, and proximal humerus in a
swine model. IO catheters were placed in each site and normal saline was infused for 10 minutes using a pressure bag at the highest
achievable pressures greater than 300mmHg. The flow rates through the proximal humerus were statistically greater than that of the femur
or proximal tibia. The femur flow rates were higher than the proximal tibia but similar. Post-mortem histopathologic evaluations done to
assess for damage due to the high infusion pressures were consistent with IO catheter placement.

Lewis GC, Crapo SA, William JG. Critical skills and procedures in emergency medicine- vascular access skills and procedures.
Emerg Med Clin N Am 2013;31(1):59-86. doi: 10.1016/j.emc.2012.09.006

This article provides an overview of various vascular access modalities in emergency medicine including peripheral IV, venous cut-down,
central venous catheter, intraosseous access, umbilical vessel access, and arterial access. The anatomy and physiology, indications and
contraindications, procedure steps and special considerations are outlined for each access methods discussed.

Mills A, Pappin D, Field V, Thorp-Jones D. Intraosseous access in the peripartum patient: is your needle long enough? IntJ
Obstet Anesth 2013;22(1):S30

This abstract describes a study in which the investigators sought to determine the approximate patient population in which the 25mm EZ-10
needle set was sufficient length to establish 10 access in peripartum patients. Ultrasound was used to determine the tissue depth at four
insertion sites. Twenty-six women were recruited with a median gestation of 34 weeks. In 88% of patients with a BMI<40 kg/m? the 25mm
needle is sufficient to reach the bone marrow at both tibial sites. For the humeral site, 10 placement may be more difficult for patients with a
BMI>25 kg/m2.

UK

719

620

666

665

667

642

631

675

11/9/2019 Page 4 of 16



Intraosseous Vascular Access Bibliography
Anatomy, Physiology and Pathology

Montez DF, Puga TA, Garcia MR, et al. Intraosseous blood correlates with venous blood in healthy subjects using point-of-care
analyzers. Ann Emerg Med 2013;62(4S):S40

A clinical study evaluating the relationship between 10 blood and peripheral venous blood lactate levels analyzed using the i-STAT point-of-
care analyzer in healthy volunteers. Results showed 10 blood lactate levels were comparable to venous blood lactate levels with a positive
statistical correlation. This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Plancade D, Ruttimann M, Wagnon G, et al.. La perfusion intraosseuse chez I'adulte. Annales Francaises d’Anesthesie et de
Reanimation 2013;http://dx.doi.org/10/1016/j.annfar.2013.02.024. French

This article in French gives an overview of intraosseous vascular access including the physiology of 10 infusion, insertion sites, indications,
and complications. Available |0 devices on the market are described including, time to insertion, success rate and cost.

Veldhoen ES, de Vooght KMK, Slieker MG, Versluys AB, Turner NMB. Analysis of bloodgas, electrolytes and glucose from
intraossseous samples using an i-STAT point-of-care analyser. Resuscitation
2013;http://dx.doi.org/10.1016/j.resuscitation.2013.12.002

A prospective study comparing 10 and venous laboratory values obtained from a point-of-care analyzer (i-STAT) in 20 children. 10 blood
specimens were collected from the iliac crest; 2 ml were discarded before the sample was collected analysis. Results showed differences
between venous and 10 sample were clinically acceptable for pH, base excess, sodium, ionized calcium and glucose in hemodynamically
stable patients. Authors concluded that analysis of IO samples with a bedside point-of-care analyzer is feasible and in emergency situations
may be useful to guide treatment.

Wolfe HA, Donoghue A, Berg RA. Are we ready to put the squeeze into all 10 placements? Resuscitation
2013;http://dx.doi.org/doi.10.1016/j.resuscitation.2013.10.018

This article discusses the preclinical study by Lee 2013 in which successful IO placement in the proximal tibia was confirmed by squeezing
the foot and obtaining a measured pressure at the 10 cannula site greater than 80mmHg. The author challenges this method indicating that
it should not be implemented clinically until additional research has been performed confirming its validity in humans.

YEAR: 2012

Pallin DJ. Intraosseous vs intravenous access for adults with out-of-hospital cardiac arrest. Journal Watch Emergency Medicine
2012; http://lemergency-medicine.jwatch.org/cgi/content/full/2012/106/1?q=etoc_jwca

This editorial discussed a prior publication by Reades, et al that evaluated first attempt placement success rates for tibial 10, humeral 10,
and peripheral IV in the prehospital setting. The author concluded that the research shows tibial IO access is the best route for adults with
out-of-hospital cardiac arrest.

Papakonstantinou MK, Pan WR, Le Roux CM, Richardson MD. New approach to the study of intraosseous vasculature. ANZJ
Surg 2012;82(10):704-7. d0i:10.1111/j.1445-2197.2012.06142.x

This article describes a post mortem study evaluating a newly developed technique to study the intraosseous vasculature of the humerus
involving injection of ink directly into the anterior circumflex humeral artery. This technigue allowed visualization of the main nutrient artery
to the proximal humerus vasculature until they reached articular cartilage or crossed cortical bone again to enter the rotator cuff tendons.

Paxton JH. Intraosseous vascular access: A review. Trauma 2012;14(3):195-232. DOI:10.1177/1460408611430175

An overview of 10 vascular access including a review of currently available literature. The author discusses various 10 devices available
and their performance metrics, 10 access sites, flow rates, advantages and disadvantages of 10 access compared to conventional access
methods, complications and recommendations on use of the approach. The author concludes that while 10 access may not be appropriate
for all patients, it deserves a place in the modern provider's armamentarium.

Rubal BJ, McKay K, Armstrong KR, Rubal MP, Marbach MJ. Variability in intraosseous pressure induced by saline flush of an
intraosseous cannula by multiple practitioners. Lab Animal 2012;41(8):224-9

This pre-clinical study sought to evaluate the various pressure levels obtained by 22 veterinary clinicians when administering a 10ml normal
saline flush of an IO catheter. The EZ-10 was used to establish access in an isolated, cadaveric swine femur. The authors found the
median peak intraosseous pressure was 615 mmHg with a range of 57 to 1,200 mmHg. Authors concluded that there is a great deal of
variability between clinicians and their flush pressure and that a standardized flush protocol may be beneficial.

Rush S, Bremer J, Foresto C, Rubin AM, Anderson PIl. A magnetic resonance imaging study to define optimal needle length for
humeral head 10 devices. J Spec Oper Med 2012;12(2):77-82

This article describes a retrospective study in which 50 consecutive MRI images were evaluated of the humerus for the purpose of
determining the optimal needle length necessary for successful proximal humerus 10 insertion. Results showed the cortical thickness was
4mm in all cases and that an 10 needle length ranging between 40-50mm should be used via the anterior approach. The EZ-IO is
specifically discussed in relation to the proximal humerus 1O insertion site; and a 24 patient post mortem review of the EZ-10 placed in the
proximal humerus is discussed.

Strandberg G, Eriksson M, Gustafsson MG, Lipcsey M, Larsson A. Analysis of intraosseous samples using point of care
technology: An experimental study in the anesthetized pig. Resuscitation 2012; 83(11):1381-5. doi:
10.1016/j.resuscitation.2012.04.007

This preclinical study sought to determine the accuracy of 10 blood lab values by comparing lab results obtained using an I-Stat for 10
blood and arterial blood. The authors concluded that the agreement between intraosseous and arterial analysis seemed to be good enough
to be clinically useful, and that there were no clinically significant differences between samples collected from the right and left tibia.
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Studnek JR, Fernandez AR, Vandeventer S, Reades R. Assessing paramedic comfort with three methods for gaining vascular
access during out-of-hospital cardiac arrest resuscitation. Prehosp Emerg Care 2012;16(1):162. d0i:10.3109.10903127.2011.624676
This abstract presented at the 2012 NAEMSP scientific assembly described a study in which the comfort level of paramedics was evaluated
as it related to establishing vascular access in out of hospital cardiac arrest resuscitation, using a predetermined method (PIV, humeral 10,
tibial 10). Results showed that paramedics were typically comfortable with the method assigned.

Tan BKK, Chong S, Koh ZX, Ong MEH. EZ-10 in the ED: an observational, prospective study comparing flow rates with proximal
and distal tibia intraosseous access in adults. Am J Emerg Med 2012;30(8):1602-6.d0i.10.1016/j.ajem.2011.10.025

This prospective observational study compared flow rates between distal and proximal tibia IO access in adults, with each adult serving as
their own control. The EZ-10 was used to facilitate 10 access. 10 infusion was performed with and without pressure. The authors concluded
that infusion flow rates were significantly higher in the proximal tibia as compared to the distal tibia, and that flow rates are significantly
higher with pressured infusion vs. non-pressured infusion. This study was sponsored by Vidacare Corporation, acquired by Teleflex
Incorporated.

Wampler D, Manifold C. Changes in end-tidal carbon dioxide during hypothermia in a swine model. Prehosp Emerg Care
2012;16(1):155-6. d0i:10.3109/10903127.2011.624676

This abstract presented at the 2012 NAEMSP scientific assembly evaluated end-tidal carbon dioxide (ETCO2) levels under initial induction
of hypothermia, rewarming, and a second induction of hypothermia, via 10 and IV infusion in the swine model. The authors concluded that
there was no demonstrated association of ETCO2 with brain temperature during the initial induction. However, during rewarming and
second induction of hypothermia the association of ETCO2 and brain temperature had a direct and proportional association. This research
was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Wampler D, Schwartz D, Shumaker J, Bolleter S, Beckett R, Manifold C. Paramedics successfully perform humeral EZ-10
intraosseous access in adult out-of-hospital cardiac arrest patients. Am J of Emerg Med 2012;30:1095-9.
doi:10.1016/j.ajem.2011.07.010

This study conducted by the San Antonio Fire Department evaluated the first-attempt success rate for humeral EZ-10 placement by
paramedics in prehospital adult cardiac arrest patients. Humeral placement was attempted in 247 cardiac arrest patients; first attempt
placement success rate was 91%. Authors concluded that humeral 10 placement is a reliable method for vascular access in this patient
population. This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

YEAR: 2011

Auerhammer J. [Lebensbedrohliche arterielle blutung aus der a. carotis communis: Fallstricke bei der intraossaren punktion].
Notfall Rettungsmedizin 2011;14(2)147-150;doi 10.1007/s10049-010-1380-1. German

This article in German presents a case of a 67-year-old female patient with an arterial bleed and venous access difficulties in whom 10
access was attempted unsuccessfully two times using two different IO systems. The author concluded that 1O success is dependent upon
10 anatomy and physiology knowledge as well as knowledge of the device being used.

Borron SW, Arias JC, Bauer CR, et al. Intraosseous line placement for antidote injection by first responders and receivers
wearing personal protective equipment. Am J Emerg Med 2011;29(4):373-81.d0i:10.1016/j.ajem.2009.10.009

This article describes a preclinical trial with a caprine model that assessed the ability of protected, experienced first responders and limited-
experience first receivers to place 10 lines for antidote administration using the EZ-10 device. First responders placed 10 lines successfully
in 100% of cases, and first receivers placed IO lines successfully in 91% of the cases. Investigators concluded that IO lines may facilitate
earlier administration of antidotes to hazardous material victims.

Cullen PM. Intraosseous cannulation in children. Paediatric Critical Care 2011;13(1):28-30

This article presented a general overview of 10 use in pediatrics. The history, techniques, anatomy and physiology, complications and a
short discussion of most devices on the market, including the EZ-10, were discussed.

UK

Kehrl T, Broderick E. Relationship of body mass index and increased difficulty with intraosseous needle placement: assessment
of tissue depth using ultrasound. Ann Emerg Med 2011;54(4s):S263

In this abstract the authors attempted to establish a relationship in obese patients (BMI >30) between BMI, ability to palpate the tibial
tubercle, and tissue depth at the 10 insertion sites. Results showed that in obese patients, |0 placement with a 25mm catheter is feasible at
the proximal and distal tibial sites if the tibial tubercle is palpable and that insertion into the proximal humerus in this population is not
recommended.

Abstract only

Miller LJ, Philbeck TE, Puga TA, Montez DF, Escobar GP. A pre-clinical study to determine the time to bone sealing and healing
following intraosseous vascular access. Ann Emerg Med 2011;58(4S):S240

The objectives of this study were to evaluate the amount of time necessary following 10 insertion and infusion for the bone to heal such that
a second 10 catheter can be placed in the same bone without the risk of extravasation from the first hole; and to determine the length of
time required to show radiological evidence of closure. Four anesthetized goats were used for the study. Twenty-four hours post insertion,
extravasation was observed in 2 of 4 tibial sites with no extravasation in 4 humeral sites. Forty-eight hours post insertion, no extravasation
was observed in tibial or humeral sites. Authors concluded that 1O infusion should not be attempted in the same bone as a previous 10
insertion within 48 hours of removal of the first IO catheter. Radiological examination showed evidence of bone healing as early as 6 days
post 10 placement. This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.
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Nagler J, Krauss B. Intraosseous catheter placement in children. NEJM 2011;364(8):e14-8

This article provides an overview of intraosseous vascular access for pediatrics and discusses general indications, contraindications,
complications, and intraosseous devices.

Smart RJ, Marsh S, Rosenberg M. Intraosseous access in oral and maxillofacial surgical practice. J Oral Maxillofac Surg
2011;69(11):2708-13. d0i:10.1016/j.joms.2011.02.101

This article describes 10 access in terms of efficacy, indications/contraindications for use, and the 10 procedure and comparison of devices
to make a case for IO use in oral and maxillofacial surgical practice. In discussing 10 devices citing published data, the author identified the
EZ-10 device as the most accurate, efficacious, and precise system when trying to achieve 10 access.

YEAR: 2010

Fenwick R. Intraosseous approach to vascular access in adult resuscitation. Emerg Nurse 2010;18(4):22-5

This article reviews intraosseous vascular access and its increased use in adult resuscitation. The 10 route is described, including
indications, contraindications, insertion sites and devices.

Kovar J, Gillum L. Alternate route: the humerus bone - a viable option for 10 access. JEMS 2010;35(8):52-59

Authors describe an early observational study (N=120) comparing intraosseous access in the humerus and the tibia, using the EZ-10.
Investigators concluded that the humerus is an acceptable |10 site, which may be preferable under certain clinical conditions. This research
was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Larson SD, Hebra A, Raju R, Lee S. Vascular access, surgical treatment. http://emedicine.medscape.com/article/1018395.
Updated January 25, 2010

This article describes the vascular access options available to physicians caring for children, including details about each method,
placement technique, indication, and complications.

Luck RP, Haines C, Mull CC. Intraosseous access. J Emerg Med 2010;39(4):468-75. d0i:10.1016/j.jemermed.2009.04.054

This article provides an overview of intraosseous vascular access and discusses general indications, contraindications, complications, and
intraosseous devices.

Mader TJ, Walterscheid JK, Kellog AR, Lodding CC. The feasibility of inducing mild therapeutic hypothermia after cardiac
resuscitation using iced saline infusion via an intraosseous needle. Resuscitation 2010;81(1):82-6

In this study, using a swine model, investigators concluded that mild therapeutic hypothermia can be effectively induced after successful
resuscitation of prolonged ventricular fibrillation through infusion of chilled saline via the 10 catheter.

Miller L, Philbeck T, Montez D, Puga T. A two-phase study of fluid administration measurement during intraosseous infusion.
Ann Emerg Med 2010;56(3):S151

This abstract, presented at the 2010 ACEP Research Forum, describes a study designed to determine infusion flow rates through the
proximal humerus and proximal tibia. Investigators found that, at all infusion pressure levels, the humerus provided substantially greater
flow rates than the tibia. They concluded that, for most situations, adequate 10 infusion rates can be achieved using the tibial site, but the
proximal humerus site should be strongly considered when greater infusion flow rates are required. This research was sponsored by
Vidacare Corporation, acquired by Teleflex Incorporated.

Miller L, Philbeck T, Montez D, Puga T. Volunteer studies of pain management during intraosseous infusion. Ann Emerg Med
2010;56(3):S141

This abstract presented at the 2010 ACEP Research Forum describes a study designed to compare Lidocaine’s effect on pain during fluid
infusion through the tibial and humeral 10 routes. Authors concluded that, for adequate IO infusion rates with minimal and tolerable pain,
40mg of preservative-free Lidocaine may be needed; followed by a rapid normal saline syringe flush of at least 10mL and another 20mg of
Lidocaine. Additional dosing and flushing may be required. For less overall pain due to 10 infusion, and greater infusion flow rates, the
proximal humerus should be strongly considered, using a longer 10 needleset. This research was sponsored by Vidacare Corporation,
acquired by Teleflex Incorporated.

Navarro K. Intraosseous infusion. Texas EMS Magazine 2010;Nov/Dec:34-9

This article provides a brief history of 10 infusion and further discusses this vascular access technigue in terms of anatomy and physiology,
indications and contraindications, performing the manual procedure, and possible complications. A case study is discussed in which a 7-
month-old male was treated under emergency circumstances with 10 infusion in the lower limb and developed compartment syndrome,
resulting in a below the knee amputation.

Rahman O, Willis L. Vascular procedures in the critically ill obese patient. Crit Care Clin 2010;26(4):647-60.
doi:10.1016/j.ccc.2010.08.003

This article discusses vascular access procedures in critically ill obese patients. Anatomic considerations, general procedural
considerations such as location of the procedure and patient positioning, catheter insertion technique, ultrasound guided insertion,
intraosseous insertion, and other various considerations are evaluated.
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Rubal BJ, Gerhardt RT, Sartin CW, et al. Medullary shear and pressure changes associated with high intraosseous infusion rates
in an isolated hind limb preparation. Ann Emerg Med 2010;56(3):S113

This abstract describes an animal study, presented at the 2010 ACEP Research Forum, that examined shear and pressure changes within
the medullary space during intraosseous infusion. Results suggest that resistance to flow depends of cannula placement site, 10 pressure
rises rapidly with infusion rates, and medullary compression and axial shear are present at high infusion rates.

Vizcarra C, Clum S. Intraosseous route as alternative access for infusion therapy. J Infus Nurs 2010;33(3):162-74

This article provides an overview of IO anatomy and physiology, IO access indications, care, and management; describes therapies
administered via 10 access; and discusses the expanding use of 1O access into areas within hospitals during nonemergency clinical
situations. It also includes a table addressing indications for 10 access in the hospital, as well as a table addressing the general insertion
procedure for 10 access.

Xie F, Hou KD, Song Q, Jiang CG. The change in bone marrow after intraosseous hypertonic saline-hydroxyethyl starch infusion
for resuscitation of hemorrhagic shock in dog. Chin Crit Care Med 2010;22(5):309-12.d0i.10.3760/cma.j.issn.1003-0603.2010.05.017
This article in Chinese, describes a study that evaluated the effects to the bone marrow following 10 infusion of hypertonic saline-
hydroxyethyl (HSH) in the dog model; using a normal saline group (NS) and a non-infusion group. The test subjects were put into shock

and resuscitated. Results showed that at 48 hours post infusion and 1 week post infusion changes were seen in the bone marrow and
peripheral blood in the HSH and NS groups as compared to the non-infusion group. At 4 weeks post infusion, the NS group and HSH group
recovered to normal level. Bone marrow morphology changed slightly but no bone necrosis occurred. The author concluded that HSH in
small amounts via 10 is safe and effective as a fluid resuscitation measure for shock, and little change in bone marrow has been found after
infusion.

YEAR: 2009

Barrett J. Adult Intraosseous infusion: "Good to the bone!" Response 2009;36(3):19-21

This article addresses adult IO infusion, primarily in the pre-hospital setting, with regard to the history of 10, anatomy and physiology,
training considerations, clinical guidelines and contraindications, and financial considerations.

Bell MK, Lowe C .. Push hard and push fast: The who, how, and why of pediatric advanced life support (PALS). Pediatr Emerg
Med Pract 2009;6(11):1-30

This is a continuing medical education (CME) document discussing pediatric advanced life support guidelines. It is geared toward pediatric
emergency medicine physicians. 10 is a preferred route of drug administration.

Borron SW, Arias JC, Bauer CR, Sanchez M, Fernandez M, Jung |. Hemodynamics after intraosseous administration of
hydroxocobalamin or normal saline in a goat model. Am J Emerg Med 2009;27:1065-71

In a preclinical study using a caprine model, researchers assessed the hemodynamics of hydroxocobalamin (OHCo) compared to normal
saline (NS) by the intraosseous (I0) route and concluded that the effects of OHCo given by the 10 route in non-CN-poisoned goats are mild
and well tolerated. Investigators concluded that IO administration of OHCo may "find a role in the settings of individual patients with cyanide-
induced cardiovascular collapse or mass cyanide casualties".

Miller J, Lairet J, DeLorenzo R, Pitotti R. Intraosseous infusion of crystalloid fluid immediately after intraosseous infusion of
nitroglycerin in the proximal tibia of a swine (sus scrofa) model. Ann Emerg Med 2009;54(3):S140

This abstract for a presentation at the 2009 ACEP Research Forum describes a swine study that evaluated crystalloid fluid flow through an
10 needle following nitroglycerin infusion in a swine model. Investigators concluded there was not a significant increase in flow rate after
administration of 10 nitroglycerin.

Miller L, Philbeck T, Montez D, Spadaccini C. A new study of intraosseous blood for CBC and chemistry profile. Ann Emerg Med
2009;54(3):S59

This abstract for a presentation at the 2009 ACEP Research Forum describes a volunteer study that examined the relationships between

10 and venous blood samples when analyzed for complete blood count and chemistry profile. Researchers concluded that the 10 space is a
reliable source for blood used for CBC and chemistry profile. Results may be moderately reliable for carbon dioxide, but unreliable for WBC
counts that appear to be elevated and platelet counts that appear lower. This study was sponsored by Vidacare Corporation, acquired by
Teleflex Incorporated.

Miller LJ, Philbeck TE, Montez DF, Spadaccini CJ. A new study of intraosseous blood for laboratory analysis. Arch Pathol Lab
Med 2009;133:1628

This abstract for a presentation at the College of American Pathology 2009 meeting describes a volunteer study that examined the
relationships between 10 and venous blood samples when analyzed for complete blood count and chemistry profile. Researchers
concluded that the 10 space is a reliable source for blood used for CBC and chemistry profile. Results may be moderately reliable for
carbon dioxide, but unreliable for WBC counts that appear to be elevated and platelet counts that appear lower.

Ong ME, Chan YH, Oh HH, Ngo AS. An observational prospective study comparing tibial and humeral intraosseous access using
the EZ-I0. Am J Emerg Med 2009;27:8-15

Comparison of tibial and humeral 10 use in 24 adults. Both sites suitable for 10 infusion. This study was sponsored by Vidacare
Corporation, acquired by Teleflex Incorporated.
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Paxton JH, Knuth TE, Klausner HA. Proximal humerus intraosseous infusion: a preferred emergency venous access. J Trauma
2009;67:606-11

This article describes the first clinical study that focuses on the proximal humerus as an 10 site. It is also the first article describing a
comparison between 10 access and peripheral IV (PIV) and central venous catheters (CVC). They found that 10 catheter placement was
significantly faster than PIV or CVC placement, and concluded that IO access is life-saving when PIV or CVC is difficult or impossible. This
study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Tsung HW, Blaivas M, Stone MB. Feasibility of point-of-care colour Doppler ultrasound confirmation of intraosseous needle
placement during resuscitation. Resuscitation 2009;80:665-8

Color Doppler ultrasound revealed extraosseous flow in incorrectly placed IO insertions. Recommends point-of-care Doppler machine to
verify placement.

Wright JK, Christy RJ, Tharp RV, Kalns JE. Evaluation of intraosseous delivery of factor Vlla during hemorrhagic shock in the
pig. Mil Med 2009;174:119-23

This swine study was designed to determine if intraosseous infusion is suitable to delivery recombinant human factor Vlla (rFVIla) during
hemorrhagic shock. Investigators concluded that administration of rFVlla via 10 infusion is a safe route for delivery and is likely to produce
blood levels required to improve hemostasis during shock.

YEAR: 2008

Borron S, Arias J, Sanchez M, et al. Intraosseous line placement by hazardous materials responders and receivers for
hydroxocobalamin administration. Ann Emerg Med 2008;52(4):S97

Animal (goat) study to determine the capacity and time required for protected hazardous materials responders and receivers to accomplish
vascular access and hydroxocobalimin administration for antidotal treatment for exposure to cyanide and other poison agents. Using the EZ-
10 device, researchers concluded that the time required for 10 administration of the drug was shorter than intravenous administration; and
that 10 placement is readily accomplished wearing all levels of chemical protective garments and equipment.

Nicoll SJB, Rochester SJ. Blood sampling through intraosseous needles: Time to stop? Resuscitation 2008;79:168-176.doi:
10.1016/j.resuscitation.2008.04.018

Two letters to the editor regarding use of 10 blood for sampling in the emergency setting. One letter states it should no longer be done and
only arterial or femoral venous samples should be used during resuscitation; the second notes the importance of 10 blood sampling in
emergency situations when time cannot be delayed for central line access, stating it is key that the sample be properly labeled as 10 blood.

Salter R. Reply to letter: Blood sampling through intraosseous needles: time to stop? Resuscitation 2008;79:168-9.
doi:10.1016/j.resuscitation.2008.04.017

Two letters to the editor regarding use of 10 blood for sampling in the emergency setting. One letter by S. Nicoll and S. Rochester states it
should no longer be done and only arterial or femoral venous samples should be used during resuscitation. The second by R. Salter notes
the importance of 10 blood sampling in emergency situations when time cannot be delayed for central line access, stating it is key that the
sample be properly labeled as 10 blood.

UK

Susi L, Reader A, Nusstein J, Beck M, Weaver J, Drum M. Heart rate effects of intraosseous injections using slow and fast rates
of anesthetic solution deposition. Anesth Prog 2008;55(1):9-15

This article describes a prospective cross-over study that evaluated the effects on heart rate of intraosseous administration of 2% lidocaine
at various deposition rates in dental practice. Results showed the mean maximum heart rate was statistically higher with the fast
intraosseous injection over the two slow injections.

YEAR: 2007

Favier JC, Landy C, Pernod G, Walkowiak P, Rottiman M. [Continuous intraosseous epinephrine infusions in adults: its interest
when haemodynamics is poor]. Ann Fr Anesth Reanim 2007; 26: 884-5. French

Article describes the 10 route to deliver epinephrine.

Hoskins SL, Zachariah BS, Copper N, Kramer GC. Comparison of intraosseous proximal humerus and sternal routes for drug
delivery during CPR. Circulation 2007;116:11_993

Results from this, study which sought to compare drug delivery time using the proximal humerus IO route to delivery time using the sternal
10 route, suggest that |10 proximal humerus is comparable to 10 sternal for prompt drug delivery during CPR.

Stone MN, Teismann NA, Wang R. Ultrasonographic confirmation of intraosseous needle placement in an adult unembalmed
cadaver model. Ann Emerg Med 2007;49(4):515-9. doi:10.1016/j.annemergmed.2006.11.009

A cadaveric study evaluating the use of ultrasonography visualization of flow within the intraosseous space to confirm proper needle
placement. In a sample of 4 freshly frozen, unembaled cadavers with bilateral distal tibia IO access, ultrasonography accurately detected
the flow of crystalloids through the 10 space 100%.
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YEAR: 2006

Engle WA. Intraosseous access for administration of medications in neonates. Clin Perinatol 2006;33(1):161-8

An overview of 10 vascular access use in neonates, including focus on available evidence, history, technique, physiology, clinical
indications, complications, and contraindications. The author closes acknowledging 10 administration of resuscitation medications and
fluids in neonates is an alternative when IV access is not possible.

Hoskins SL, Kramer GC, Stephens CT, Zachariah BS. Abstract 79: Efficacy of epinephrine delivery via the intraosseous humeral
head route during CPR. Circulation 2006;114:11_1204

Results from this study which sought to determine the efficacy of intraosseous drug delivery using the proximal humerus during CPR in
swine showed that the humeral route generated higher mean arterial pressures than central venous or endotracheal delivery.

Peutrell JIM. Intraosseous cannulation. Anesthesia and Intensive Care Medicine 2006;7(1):28-30. Doi:10.1383/anes.2006.7.1.28
An overview of intraosseous cannulation in the pediatric population. Anatomy, technique, contraindications, complications and laboratory
investigations are all discussed.

YEAR: 2005

Hoskins S, Nascimento P, Espana J, Kramer G. Pharmacokinetics of intraosseous drug delivery during CPR. Shock 2005;23:35

This animal study compared 10 drug delivery in the tibia versus the sternum during CPR. Researchers concluded that during CPR 10
infusions delivered via both sites were effective—although sternal delivery was faster; and that 10 sternum access is comparable to IV
access for drug delivery during CPR.

Hoskins S, Stephens C, Kramer G. Efficacy of intraosseous drug delivery during cardiopulmonary resuscitation in swine. Paper
presented at the annual meeting of the National Association of EMS Physicians, Registry Resort, Naples, FL. 2009-05-25 from
http://www.allacademic.com/meta/p64887_index.html

This study abstract discusses use of the EZ-10 to determine the pharmacokinetics (PK) and efficacy of tibial IO drug delivery during
treatment of cardiac arrest in the swine model, as compared to IV access. Results showed that PK analysis of 10 drug delivery via the tibial
route showed a delay of 20-50 seconds compared to 1V; however, physiologically significant levels of epinephrine were reached as MAP.
This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Kramer GC, Hoskins SL, Espana J, do Nascimento P. Intraosseous drug delivery during cardiopulmonary resuscitation: relative
dose delivery via the sternal and tibial routes. Acad Emerg Med 2005;12:s6.

Animal study compared the sternal and tibial routes for IO drug delivery during CPR. Investigators concluded that both the sternal and tibial
routes can effectively deliver near equivalent doses during CPR in swine.

http://www.aemj.org/cgi/content/abstract/12/5_suppl_1/67

Mackinnon MA. Permissive hypotension: a change in thinking. Air Med J 2005; 24: 70-2
Case report. Finds more positive outcomes with fluid restriction (permissive hypotension) in patients with uncontrolled hemorrhagic shock.

Meyer C, Alt V, Hassanin H, Heiss C, Stahl JP, Giebel G, Koebke J, Schnettler R. The arteries of the humeral head and their
relevance in fracture treatment. Surg Radiol Anat 2005;27:232-7

Arterial supply of the humeral head and the clinical relevance of the vessels in the proximal humeral fracture and in different techniques of
fracture treatment.

Silverman AS, Wang VW. Shock: A common pathway for life-threatening pediatric illnesses and injuries [CME]. Pediatr Emerg
Med Pract 2005;2(10):1-22

This is a continuing medical education (CME) document that provides an overview of shock and discusses management of shock in the
pediatric patient. It is geared toward pediatric emergency medicine physicians. 10 is a supported route for obtaining vascular access.

YEAR: 2004

Clem M, Tierney P. Intraosseous infusions via the calcaneus. Resuscitation 2004;62(1):107-12

Cadaver study demonstrating immediate entry of methyl green dye into the venous system after 10 infusion via the calcaneus in 14 of 20
cadaver legs (70%).

Eslami. Intraosseous access. http://www.emedicine.com/ped/topic3053.htm Last updated October 22, 2004
Web publication discussing the indications, contraindications, insertion sites and complications of 10 access.

Haas NA. Clinical review: vascular access for fluid infusion in children. Crit Care 2004;8(6):478-84.d0i:10.1186/cc2880

Review article describing how IO has replaced saphenous venous cutdowns in pediatric emergencies and decreased need for immediate
central venous access.
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Saglam M, Ugurel S, Kilciler M, et al. [Intraosseous urography compared with intravenous urography: An experimental study in
the rabbit model]. Turk J Vet Anim Sci 2004; 28: 933-42. Turkish

Evaluation of the Bone Injection Gun (BIG) for the administration of contrast media for urography. Concludes that BIG-assisted
intraosseous urography may be an effective and reliable alternative to intravenous urography in pediatric and adult human patients.

YEAR: 2003

Boon JM, Gorry DL, Meiring JH. Finding an ideal site for intraosseous infusion of the tibia: an anatomical study. Clin Anat

2003;16(1):15-8

Investigation of the relationship between insertion site for the 10 needle, epiphyseal growth plate and ease of needle insertion into the
various locations of the tibia in newborn infants. Recommends that needle be placed 10 mm distal to the tibial tuberosity to avoid the

epiphyseal growth plate and ensure ease of insertion.

Claudet I, Baunin C, Laporte-Turpin E, Marcoux MO, Grouteau E, Cahuzac JP. Long-term effects on tibial growth after
intraosseous infusion: a prospective, radiographic analysis. Pediatr Emerg Care 2003;19(6):397-401

Prospective radiographic study of 23 children who had received intraosseous infusion via trocar. Found no long-term effect on tibial growth
with properly placed trocar.

Gluckman, W, Forti RJ. Intraosseous cannulation. www.emedicine.com/ped/topic2557.htm Last Updated: Jan 14, 2003
Web article discusses 10 cannulation procedure insertion sites, pathophysiology, risks, contraindications and complications.

LaRocco BG, Wang HE. Intraosseous infusion. Prehosp Emerg Care 2003;7:280-5
A comprehensive and accessible review of the history, anatomy, technique, and clinical application of intraosseous infusion.

McCarthy G, O'Donnell C, O'Brien M. Successful intraosseous infusion in the critically ill patient does not require a medullary
cavity. Resuscitation 2003;56:183-6

Study in human demonstrating transport of methyl green dye to the peripheral veins in 5 of 8 10 infusions (62%) in bones without medullary
cavity (calcaneous and radial styloid).

YEAR: 2002

Bilibin DP, Shevelev OA, Khodorovich NA. Osteovisceral afferent interrelations. Bull Exp Biol Med 2002; 139: 658-61

Preclinical study in anaesthetized cats demonstrating that stimulation of intraosseous receptors decreased the threshold of evoked
potential in the cerebral cortex in response to stimulation of the heart, stomach and duodenum. Concludes that stimulation of intraosseous
receptors increases sensitivity of visceral sensory receptors and may provoke the development of pain syndromes.

Ichioka N, Inaba M, Kushida T, Esumi T, Takahara K, Inaba K, Ogawa R, lida H, lkehara S. Prevention of senile osteoporosis in
SAMP6 mice by intrabone marrow injection of allogeneic bone marrow cells. Stem Cells 2002; 20: 542-51

Preclinical study in mice demonstrating that transplantation of bone marrow from normal allogenic mice injected directly into the bone
marrow cavity of irradiated recipient mice can prevent and treat osteoporosis.

Laroche M. Intraosseous circulation from physiology to disease. Joint Bone Spine 2002;69:262-9

This article provides an indepth overview of intraosseous circulation including blood vessel anatomy, vascularization, intraosseous blood
flow, angiogenesis, bone remodeling, osteonecrosis, bone infarction, and osteoporosis.

Manggold J, Sergi C, Becker K, Lukoschek M, Simank HG. A new animal model of femoral head necrosis induced by
intraosseous injection of ethanol. Lab Anim 2002; 36: 173-80

Basic research study in sheep demonstrating that intraosseous injection of ethanol directly into the center of the femoral head produced
necrotic changes similar to the early stages of osteonecrosis. The model holds potential for evaluating new therapeutics for the disease.

Meechan JG. Supplementary routes to local anaesthesia. Int Endod J 2002;35(11):885-96
This paper describes supplementary techniques available to provide pulpal anaesthesia, of which |10 administration is included.

Scheuch BC, Van Hoogmoed LM, Wilson WD, Snyder JR, MacDonald MH, Watson ZE, Steffey EP. Comparison of intraosseous or
intravenous infusion for delivery of amikacin sulfate to the tibiotarsal joint of horses. Am J Vet Res 2002; 63: 374-80.

Preclinical study in 21 horses comparing IV to 10 infusion for delivery of amikacin sulfate to the tibiotarsal joint. Concludes that IV infusion
results in higher drug concentrations in the joint.
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YEAR: 2001

Caldwell J, Ziglar M. Hemorrhagic shock in children: Understanding the underlying mechanisms of shock syndrome. Am J Nurs
2001;101(Supplement):25-7

This article gives an overview for nurses of the treatment of shock in children. Intraosseous administration of fluids is a means of
resuscitation.

YEAR: 2000

Fisher R, Prosser D. Intraosseous access in infant resuscitation. Arch Dis Child 2000;83:87

Laboratory study comparing flow rates through different IV cannulas with an 18 G 10 cannula. Found that fluids could be infused more
quickly with the 10 cannula. Speculates that the bone marrow cavity of an infant has more capacitance than a peripheral vein.

Gallatin E, Stabile P, Reader A, Nist R, Beck M. Anesthetic efficacy and heart rate effects of the intraosseous injection of 3%
mepivacaine after an inferior alveolar nerve block. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000; 89: 83-7

Dental study demonstrating that intraosseous injection of 1.8 ml of 3% mepivacaine to augment nerve block in the first molar significantly
increased the anesthetic success over 30 minutes and had a minimal effect on heart rate.

Hurren JS. Can blood taken from intraosseous cannulations be used for blood analysis? Burns 2000; 26: 727-30

Study comparing 10 blood samples to IV samples for blood chemistry values. For many parameters, 10 and IV levels were similar. Authors
caution that potassium and glucose levels should be interpreted with care. Also found that white cell and platelet counts in the 10 samples
were very different from those measured in IV blood samples.

Mattera CJ. Take aim--hit your IO target. A comprehensive approach to pediatric intraosseous infusion, including site selection,
needle insertion & ongoing assessment. Part 2. JEMS 2000;25(4):38-48

Overview of pediatric 10 infusion targeted for an EMS/paramedic audience. Discusses anatomy of long bones, indications, advantages,
contraindications, steps for insertion, fluid administration and ongoing assessment and documentation.

McCarthy G, Buss P. Does intraosseous have to mean intramedullary? J Accid Emerg Med 2000; 17: 432

Case report of a 3-year-old collapsed child successfully resuscitated with the use of an intraosseous needle placed in the calcaneum.
Includes detailed description of needle insertion technique.

Pan'ko SV, Antipov IuG, Semenido IuN, Sosnovskaia Olu, Golovanova TA, Sanin AV. [Suppression of graft versus host reaction
by depositing a magnet-controlled adriamycin dosage form in bone marrow allotransplantation in animal experiments]. Vestnik
Rossliiskoi Akademii Meditsinskikh Nauk 2000;(3): 10-5. Russian. Abstract

Intraosseous transplantation of bone marrow in combination with long-acting Adriamycin may inhibit acute and chronic graft versus host
reactions.

Voelckel WG, Lindner KH, Wenzel V, Krismer AC, Hund W, Muller G, Oroszy S, Kornberger E, Lurie KG, Mair P. Intraosseous
blood gases during hypothermia: correlation with arterial, mixed venous, and saggital sinus blood Crit Care Med 2000; 28: 2915-
20

Preclinical model of hypothermia. Found intraosseous pCO?2 levels correlated with arterial or mixed venous pCO2 during hypothermia within
10 mmHg. Intraosseous pH values were comparable with mixed venous or saggital sinus pH within of 0.05 units during hypothermia.

Vreede E, Bulatovic A, Rosseel P, Lassalle X. Intraosseous infusion. Update in Anesthesia 2000;12 (Article 10):1.
http://rcpals.com/downloads/2007files/may/pals/Intraosseousinfusion.html

Brief overview of IO infusion for an anesthesiology audience. Discusses technique, indications, contraindications, equipment, anatomical
target sites and potential complications.

Yankovskis G, Beldava |, Livina B. Osteoreflectory treatment of alcohol abstinence syndrome and craving for alcohol in patients
with alcoholism. Acupunct Electrother Res 2000;25:9-16

Osteoreflectory therapy (intraosseous injection of 0.5 to 1.0 ml of 0.9% saline solution) reduced alcohol craving in patients treated for
alcoholism.

Abstract only

YEAR: 1999

Abdelmoneim T, Kissoon N, Johnson L, Fiallos M, Murphy S. Acid-base status of blood from intraosseous and mixed venous
sites during prolonged cardiopulmonary resuscitation and drug infusions. Crit Care Med 1999;27:1923-8

Preclinical study in anaesthetized piglets demonstrating that intraosseous blood samples reliable to assess acid-based balance in the early
stages of cardiac arrest and first 15 minutes of cardiac pulmonary resuscitation.
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Efimov luV, Zaitsev VG, Sychugov AV. [The treatment of patients with complicated mandibular fractures using a method for the
intraosseous administration of biologically active drug agents]. Stomatologiia (Mosk) 1999; 78; 26-7. Russian

Article in Russian; no English translation.

Johnson L, Kissoon N, Fiallos M, Abdelmoneim T, Murphy S. Use of intraosseous blood to assess blood chemistries and
hemoglobin during cardiopulmonary resuscitation with drug infusions. Crit Care Med 1999; 27: 1147-52

Preclinical study in piglets comparing 10O vs IV blood samples during CPR. Concludes that |10 samples may not yield accurate results during
resuscitation periods > 5 minutes or if drug or fluid boluses have been infused into the 10 sample site.

YEAR: 1998

McCarthy G, Buss P. The calcaneum as a site for intraosseous infusion. J Accid Emerg Med 1998;15:421.d0i:10.1136/emj.15.6.421

A 3-year old male presented at the emergency department with rapidly progressing circulatory collapse clinically aligned with
meningococcal septicemia. Attempts at peripheral and central venous access were unsuccessful. Attempts at tibial 1O insertion were
unsuccessful with a number of needles bending when cortical penetration was attempted. 10 insertion was successfully achieved at the
medial aspect of the calcaneum. 10 infusion was continued for 6 hours and removed when no longer needed. The patient fully recovered
and the calcaneal site healed without complication.

Nasimi A, Gorin P, Berthier M, Boussemart T, Follet-Bouhamed C, Oriot D. [Use of the intraosseous route in a premature infant].
Arch Pediatr 1998; 5: 414-7. French

Case report of a 34-week-old pre-term neonate with septic shock requiring emergency treatment. Umbilical vein was unusable.
Resuscitation with 10 access was successful. Concludes that 10 access be used before attempting access with superior longitudinal sinus.

Abstract

Stovroff M, Teague WG. Intravenous access in infants and children. Pediatr Clin North Am 1998;45:1373-93

Review article discussing techniques for venous access in the pediatric patient includes anatomical target sites, clinical indications,
advantages and disadvantages.

Review

YEAR: 1997

Dubick MA, Kramer GC. Hypertonic saline dextran (HSD) and intraosseous vascular access for the treatment of haemorrhagic
hypotension in the far-forward combat arena. Ann Acad Med Singapore 1997;26(1):64-9

Review article highlighting preclinical data and 1 clinical study. Demonstrates that IO administration can be used for safe and rapid infusion
of hypertonic saline dextran with the hemodynamic effect as IV administration.

Kissoon N, Idris A, Wenzel V, Murphy S, Rush W. Intraosseous and central venous blood acid-base relationship during
cardiopulmonary resuscitation. Pediatr Emerg Care 1997;13:250-3

Preclinical study of piglets in cardiac arrest demonstrating divergent values for acid-base parameters between IO and IV blood samples
during cardiac arrest. Speculates that divergence in acid-base values as CPR progresses may reflect local acidosis since 10 samples
resulted in lower pCO2 and higher pH values than IV blood samples.

Manley L. Pediatric hypovolemia: back to the basics. Int J Trauma Nurs 1997; 3:93-8
Review article for trauma nursing audience describing advances in trauma care.

YEAR: 1996

Brickman KR, Rega P, Schoolfield L, Harkins K, Weisbrode SE, Reynolds G. Investigation of bone developmental and
histopathologic changes from intraosseous infusion. Ann Emerg Med 1996;28(4):430-5

Preclinical study in pigs examining developmental and histopathologic changes in bone following 10 infusion and effect of osmolality and
infusion speed. Found that infusion osmolality and speed was not related to physiologic or histologic changes in the bone marrow or in
complication.

Garcia CT, Cohen DM. Intraosseous needle: use of the miniature C-arm imaging device to confirm placement. Pediatr Emerg
Care 1996;12:94-7

Describes a miniature C-arm imaging device to accurately confirm proper needle placement in intraosseous infusions.

lwama H, Katsumi A. Emergency fields, obtaining intravascular access for cardiopulmonary arrest patients is occasionally
difficult and time-consuming. J Trauma 1996;41(5):931-2

Found that 10 infusion into the clavicle during adult CPR had similar effects and flow rates as central venous infusion.
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YEAR: 1995

Ronning G, Sager G, Revhaug A. Intraosseous infusion of a small volume of hyperosmotic fluid increases mean arterial pressure
and lessens the catecholamine response in pigs with haemorrhagic shock. Eur J Surg 1995;161(10):715-20

Preclinical study in pigs demonstrating that 10 hyperosmotic resuscitation increases circulatory performance and reduces the plasma and
catecholamines concentrations during hemorrhagic shock .

YEAR: 1994

Evans RJ, McCabe M, Thomas R. Intraosseous infusion. Br J Hosp Med 1994;51(4):161-4

Review of 10 infusion in children 6 years old and younger. Recommends IO for patients with life-threatening conditions requiring immediate
vascular access. Reports less than 1% complication rate.

lwama H, Katsumi A, Shinohara K, Kawamae K, Ohtomo Y, Akama Y, Tase C, Okuaki A. Clavicular approach to intraosseous
infusion in adults. Fukushima J Med Sci 1994;40:1-8

Comparison of flow rates for 10 infusion through the clavicle and subclavian venous infusion. Found no significant differences between the
two infusion routes.

Abstract only

Kil'diushov AN. [Use of heparin in the early post-traumatic period in burns and hemorrhage]. Anesteziol Reanimatol 1994; Sept-
Oct(5):26-8. Russian

Preclinical study in 86 injured dogs with hemostasis disorders. Plasma and platelet disorders normalized 3 hours after the onset of infusion
therapy. The response was enhanced by IO infusion of isotonic saline.

Article in Russian-abstract only

Kissoon N, Peterson R, Murphy S, Gayle M, Ceithaml E, Harwood-Nuss A. Comparison of pH and carbon dioxide tension values
of central venous and intraosseous blood during changes in cardiac output. Crit Care Med 1994; 22: 1010-5

Preclinical study in piglets comparing IO and central venous acid-base status during changes in cardiac output. Found 10 samples can be
easily obtained even during extreme hypervolemia. pH and pCO2 were similar in both 10 and IV samples under all study conditions.

Kruse JA, Vyskocil JJ, Haupt MT. Intraosseous infusions: a flexible option for the adult or child with delayed, difficult, or
impossible conventional vascular access. Crit Care Med 1994;22(5):728-9

Discussion of 10 infusion, including ease of use, low complication rates, and variety of fluids and drugs that can be administered through
the 10 route in children and adults.

Neal CJ, McKinley DF. Intraosseous infusion in pediatric patients. J Am Osteopath Assoc 1994;94(1):63-6. Review

Describes frustration associated with difficult venous access. Recommends intraosseous infusion technique as a non-collapsible vein for
parenteral infusions.

Takada M, Yamamoto |, Morita R. Chronic intramedullary infusion of interleukin-1 alpha increases bone mineral content in rats.
Calcif Tissue Int 1994; 55: 103-8

Preclinical study in rats examining bone mineral content following IO infusion of IL-1.

Ummenhofer W, Frei FJ, Urwyler A, Drewe J. Are laboratory values in bone marrow aspirate predictable for venous blood in
paediatric patients. Resuscitation 1994;27(2):123-8

In this study bone marrow aspirate from the iliac crest and peripheral venous blood samples from 30 pediatric patients were compared to
investigate the predictive value of bone marrow aspirate in performing laboratory studies. Laboratory tests with high predictability, moderate
but clinically useful predictability are summarized. Tests that were systematically different from venous blood are also summarized.

YEAR: 1993

Bielski RJ, Bassett GS, Fideler B, Tolo VT. Intraosseous infusions: effects on the immature physis--an experimental model in
rabbits. J Pediatr Orthop 1993;13:511-5

Preclnical study in 20 immature rabbits receiving 10 infusion of saline, bicarbonate, or dopamine solutions into the tibia. Found no changes
in bone growth or ephyseal injury related to 10 infusion.

YEAR: 1992

Brickman K, Krupp K, Rega P, Alexander J, Guinness M. Typing and screening of blood from intraosseous access. Ann Emerg
Med 1992;21(4):414-7

This prospective, nonrandomized, crossover study evaluated bone marrow aspiration from the posterior iliac crest and peripheral venous
blood for ABO and Rh typing as well as the presence of human leukocyte activity. No differences were seen in the ABO and Rh typing, and
human leukocyte activity was detected in both the marrow and venous samples.
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Cilley RE. Intraosseous infusion in infants and children. Semin Pediatr Surg 1992;1(3):202-7

Article promoting increased awareness of intraosseous infusion, familiarity with 10 insertion techniques, and careful use of anatomical
landmarks.

Abstract only

Pollack CV Jr, Pender ES, Woodall BN, Tubbs RC, lyer RV, Miller HW. Long-term local effects of intraosseous infusion on tibial
bone marrow in the weanling pig model. Am J Emerg Med 1992; 10: 27-31

Preclinical study in piglets finding that 10 infusion of a normal saline bolus decreased overall cellularity in the tibial bone marrow.
Speculates this may be due to a pressure effect from rapid injection.

Welch RD, Waldron MJ, Hulse DA, Johnston CE 2nd, Hargis BM. Intraosseous infusion using the osteoport implant in the caprine
tibia. J Orthop Res 1992;10(6):789-99

Preclinical study of an implantable intraosseous infusion device (the osteoport) in a goat model. The device allowed for ready access to the
vascular system through intraosseous infusion fluids and medications. 10 infusion may result in fewer complications than conventional
methods of vascular access.

Woodall BN, Pender ES, Pollack CV Jr, Miller H, Tubbs RC, Andrew ME. Intraosseous infusion of resuscitative fluids and drugs:
long-term effect on linear bone growth in pigs. South Med J 1992;85:820-4

Preclinical study in pigs demonstrating that 10 infusion of fluids and resuscitative drugs does not adversely affect subsequent bone growth
and development.

YEAR: 1991

Brattebo G, Wisborg T, Mellesmo S. [Intra-osseous infusion--a simple, rapid and lifesaving method]. Nord Med 1991;106(1):13-5.
Norwegian

Discussion of case reports of 10 infusion, as well as physiology of 10 and technique for 10 access. Concludes that 10 infusion is simple and
safe. The technique can be successfully performed under field conditions by paramedical personnel, even by untrained personnel.

Abstract only

Grisham J, Hastings C. Bone marrow aspirate as an accessible and reliable source for critical laboratory studies. Ann Emerg
Med 1991;20(10):1121-4

Clinical study demonstrating blood from the 10 space to be a viable alternative source of blood for laboratory studies.

Ros SP, McMannis S, Kowal-Vern A, Zeller WP, Hurley RM. Effect of intraosseous saline infusion on hematologic parameters.
Ann Emerg Med 1991;20(3):243-5

Preclinical study in rabbits comparing hematologic parameters from IO blood samples before and after 10 infusion of saline. Found
significant differences in blood cell counts before and after 10 infusion.

Von Hoff DD. Intraosseous infusions: an important but forgotten method of vascular access. Cancer Invest 1991;9(5):521-8

Review of intraosseous vascular accesstargeted for an oncology audience. Describes an implantable IO device with potential to make
intraosseous access more convenient for the patient.

YEAR: 1990

Fiser DH. Intraosseous infusion. N Engl J Med 1990;322(22):1579-81

Review of the use of intraosseous infusion in children in the prehospital setting and in the emergency department. Outlines anatomy,
indications and contraindications, technique, complications and role of intraosseous infusion in pediatrics.

Joffe M. Blasts in peripheral blood with intraosseous infusions. Pediatr Emerg Care 1990;6:106-7

Case reports of 2 children who died from Sudden Infant Death Syndrome (SIDS) with immature white cells in the peripheral blood. Blood
was sampled near 10 infusion site. Urges physician awareness of that patients receiving 1O infusion may be at risk for immature white
blood cells in the peripheral circulation in the absence of malignant, infectious, or infiltrative disease of the marrow.

Miccolo MA. Intraosseous infusion. Crit Care Nurse 1990;10(10):35-47
Nursing article that describes benefits of intraosseous infusion. Recommends 10 for cardiopulmonary arrest and other medical

Spivey WN. Intraosseous infusion: Current concepts : The medical college of Pennslvania, Department of Emergency Medicine,
Philadelphia, PA. J Emerg Med 1990;8(3):382

This abstract describes a review of the literature on intraosseous pathways and reaches the conclusion that the rate of fluid administered is
limited by the size of the marrow cavity and the complication is extravasation of fluids and/or drugs into the soft tissue.
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Vinsel PJ, Moore GP, O'Hair KC. Comparison of intraosseous versus intravenous loading of phenytoin in pigs and effect on bone
marrow. Am J Emerg Med 1990;8(3):181-3

A 15mg/kg dose of phenytoin was administered over 15 minutes to 6 pigs uisng the IV route and 6 pigs using the tibial IO route. Blood
samples were taken every 5 minutes for 35 minutes to determine phenytoin levels. There was no statistical difference between the two
groups. Bone cortex and marrow were microscopically examined and were normal after 5 weeks. Authors concluded the 10 route is an
effecting alternative to the 1V route for administering phenytoin without permanent damage to the marrow.

YEAR: 1988
Oni OO, Stafford H, Gregg PJ. An investigation of the routes of venous drainage from the bone marrow of the human tibial
diaphysis. Clin Orthop 1988;230:237-44

Basic science study examining vascular drainage from the human tibia using x-rays and barium perfusion. Found that blood from the 1O
space is diverted simultaneously into two independent extraskeletal venous pathways. Found that 10 blood drains directly into the systemic
veins via large transcortical perforating vessels, which enables the blood to rapidly enter the general systemic circulation.

YEAR: 1987
Hodge D, Delgado-Paredes C, Fleisher G. Intraosseous infusion flow rates in hypovolemic "pediatric" dogs. Ann Emerg Med
1987;16(3):305-7

Preclinical study of 10 flow rates during hypovolemia. Concludes that IO flow rates may be insufficient for definitive treatment of severe
hypovolemic or hemorrhagic shock.

YEAR: 1979
Shoor PM, Berryhill RE, Benumof JL. Intraosseous infusion: pressure-flow relationship and pharmacokinetics. J Trauma 1979;
19:772-4

Preclinical study of IO flow and pharmacokinetics in the bovine tibia. Mean time to initial effect of IO administration of epinephrine was 17
seconds with 90% maximal effect in 45 seconds. Concludes that experiment provides quantitative evidence of utility of 1O infusion for
resuscitation.

YEAR: 1978

Brickman KR, Rega P, Guinness M. A comparative study of intraosseous, intravenous and intraarterial pH changes during
hypoventilation in dogs. Ann Emerg Med 1978;16:510

Preclinical study in dogs demonstrating active 10 blood circulation even during acidosis and hypoxemia.

Lemperg RK, Arnoldi CC. The significance of intraosseous pressure in normal and diseased states with special reference to the
intraosseous engorgement-pain syndrome. Clin Orthop Relat Res 1978;136:143-56

Intraosseous angiography and intraosseous pressure measurement can be useful for diagnosing bone pain and treatment site.

YEAR: 1958

Schoenherr WF. Intraosseous infusion of bone marrow. JAMA 1958;166(7):853

This letter to the editor is regarding the case of a 56 year-old man that ultimately developed aplastic anemia and required blood
transfusions biweekly, and being considered for bone marrow transplants. The Editor’s response briefly addressed the process of bone
marrow transplantation.

YEAR: 1945

Henning N. Intrasternal and intraosseous injections and transfusions. JAMA 1945; 128: 240
Recommends intrasternal 10 transfusions when the IV route is not available.

YEAR: 1944

Behr G. Bone-marrow infusions for infants. Lancet 1944; (Oct 7):472-3
Describes the tibia as a useful route for infusions in infants. Main advantages over IV infusions are ease, speed, and firm placement.
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YEAR: 2019

Farrokh S, Cho SM, Lefebvre AT, Zink EK, Schiavi A,Puttgen HA. Use of intraosseous hypertonic saline in critically ill patients. J
Vasc Access 2019;20(4):427-32. doi: 10.1177/1129729818805958. Epub 2018 Oct 17

Retrospective case report of six patients describing the use of intraosseous (10) administration for 23.4% saline administration to treat
intracranial hypertension. In all six cases sodium levels were increased and there were no 10 complications.

Mansfeld A, Radafshar M, Thorgeirsson H, Hoijer CJ, Segerlantz M. Palliative sedation via intraosseous vascular access: A safe
and feasible way to obtain a vascular access end of life. J Palliat Med 2019;22(1):109-111. doi: 10.1089/jpm.2018.0398

This is a case report of 10 access for palliative sedation with propofol in a 56-year-old man with no venous access. 10 access was gained
using an EZ-10 driver and the patient was successfully treated with propofol for 4 days to manage intractable pain and agitation.

Sampson CS. Extravasation from a misplaced intraosseous catheter. Clin Pract Cases Emerg Med 2019;3(3):303-4

A 75-year old female presented by EMS to the Emergency Department (ED) after a ventricular fibrillation cardiac arrest. EMS defibrillated
the patient and placed a right proximal tibial EZIO intraosseous (IO) catheter which multiple medications (epinephrine, magnesium,
amiodarone, and calcium chloride) were administered; and she had return of spontaneous circulation prior to ED arrival. The 10 catheter
wasn't patent upon arrival in the ED and was removed. The patient was discharged on day four with ecchymosis near the insertion
site.Three weeks post discharge the patient presented with tissue necrosis in an area surrounding the initial proximal tibial 1O insertion site.
The patient’s leg was debrided and grafting was performed; the author reported "good healing" three months post-event.

Schindler P, Helfen A, Wildgruber M, et al. Intraosseous contrast administration for emergency computed tomography: A case-
control study. PLoS ONE 2019;14(5): e0217629. https://doi.org/
10.1371/journal.pone.0217629

Retrospective case-control feasibility study comparing proximal tibial intraosseous (PTIO) and peripheral intravenous (PIV) delivery of
contrast media in 24 patients receiving emergent CT scans as part of trauma diagnostics (n=4 PTIO, n=20 PIV). Delivery of contrast media
was by power injection with rates of 5cc/sec for CT images of the head and neck, chest,abdomen and leg vessels. There were no
significant differences in ability to complete imaging protocols or image quality. There were no complications. The study was limited by low
patient numbers.

YEAR: 2018

Abramson TM, Alreshaid L, Kang T, Mailhot T, Omer T. FasclOtomy: Ultrasound evaluation of an intraosseous needle causing
compartment syndrome. Clin Pract Cases Emerg Med 2018;2(4):323-25

This case review describes a complication of compartment syndrome post 10 placement in a 64 year old male initially unresponsive and
hypoglycemic. Approximately 15 minutes post-ED arrival compartment syndrome signs were noted and confirmed with compartment
pressures. An ultrasound confirmed lack of flow from the 10 needle and x-ray showed the needle set to be inserted 2 mm beyond the
posterior tibial cortex. Patient was taken to surgery for fasciotomy and four compartment release with subsequent return of pulses.
*(Correspondence by the manufacturer 12-2018 with lead author confirmed the tibial placement was lateral and the patient had a full
functional recovery).

Bowry R, Nour M, Kus T, et al. Intraosseous administration of tissue plasminogen activator on a mobile stroke unit. Prehosp
Emerg Care 2018;25:1-6. doi:10.1080/10903127.2018.1526355

This study describes 3 cases in which tissue plasminogen activator (tPA) was administered via intraosseous (I0) access on a mobile stroke
unit as part of the BEST-MSU study. 10 access was obtained with the EZ-10 device as part of the study protocol.

Chalopin T, Lemaignen A, Guillon A, et al. Acute tibial osteomyelitis caused by intraosseous access during initial resuscitation: a
case report and literature review. BMC Infectious Diseases 2018;18(1):665. doi: 10.1186/s12879-018-3577-8

This report from France reports a case of tibial osteomyelitis in a 40 year old male that was diagnosed by MRI and biopsy three months
post-intraosseous (I0) catheter removal. The patient was given parenteral as well as oral antibiotics and had a good outcome. The initial IO
catheter placement was for treatment of overdose after failed IV attempts. The catheter was removed on the first day and the patient was
treated with oral antibiotics due to local inflammation at the insertion site. He left against medical advice before a full treatment course was
completed.

Crawford SB. Intraosseous vascular access device as a transarticular k-wire alternative in mallet finger laceration. Clin Pract
Cases Emerg Med 2018;2(1):71-4. d0i:10.5811/cpcem.2017.7.34811

This case study discusses the use of an 10 vascular access device (EZ-10) as a substitute for k-wire stabilization of mallet finger in a
patient with distal fracture and tendon exposure of the third and fourth phalange. The needle driver of the EZ-10 was placed in a sterile
glove and was then used to place the inner stylet of the device through the tip of the finger to achieve splint fixation in extension. The
patient had a favorable outcome.
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Durnford S, Bulstrode H, Durnford A, Chakraborty A, Tarmey NT. Temporising an extradural haematoma by intraosseous needle 971
craniostomy in the District General Hospital by non-neurosurgical doctors-A case report. J Intensive Care Soc 2018;19(1):76-9.
doi:10.1177/1751143717734997

This is a case report of a 69 year-old male admitted to an ED in the UK with an extradural hematoma following closed head injury. He was

treated with decompression of the hematoma using a 25 mm long EZ-10 intraosseous needle. This is believed to be the first reported use

of an EZ-10 device in this manner in the UK. The patient succumbed to his injuries two days later. However, the authors recommend

consideration of this technique when transfer to a hospital with a neurosurgery unit for craniostomy is not a feasible option.

Han K, Kim J. Intraosseous anesthesia using a computer-controlled system during non-surgical periodontal therapy (root 983
planning): Two case reports. J Dent Anesth Pain Med 2018;18(1):65-9. doi: 10.17245/jdapm.2018.18.1.65

This paper presents two case reports of 10 anesthesia using a computer-controlled intraosseous system (CIAS) for non-surgical periodontal

therapy (root planing). CIAS-based induction of local anesthesia during non-surgical periodontal therapy was more comfortable for both

patients relative to previous conventional local infiltration anesthesia (CLIA) treatment.

Pac LJ, Rossi HA, Theyagarajan V, et al. Blood sample from an intraosseous device. Transfusion 2018;58:2472-3. 1008
doi:10.1111/trf.14762

This article describes a case report of a blood sample from a trauma patient that was drawn from a humeral head intraosseous device. The
specimen gave correct blood typing results representative of the peripheral blood.

Reic C, Fogg T, Healy G. Deformation of a humeral intraosseous catheter due to positioning for thoracostomy. Clin Exp Emerg 1013
Med 2018;5(3):208-9

This article describes a complication of a deformed EZ-10 catheter which was noted following removal of the catheter in an adult patient.

The catheter had been placed by a helicopter emergency medical service team following a motor vehicle accident. The cause of the

catheter bending was most likely the result of arm positioning for thoracostomy. No difficulties in removing the catheter were noted and it

appeared to have been functioning effectively.

Winkler M, Issa M, Lowry C, Chornenkyy Y, Sorrell V. Intraarticular extravasation, an unusual complication of computed 1033
tomographic angiography performed with intraosseous needle intravenous access. Cardiovasc Diagn Ther 2018;8(4):516-9.
doi:10.21037/cdt.2018.06.04

This paper describes a case study of a 66 year-old female who presented to an emergency department with symptoms of an acute stroke.

After failure of intravenous (1V) placement, humeral intraosseous (I0) access was obtained using the EZ-1O device. Contrast media (CM)

for computed tomographic angiography (CTA) was later infused, off label, through the 10 line. At the time of the CT scan 20 mL of CM was

seen within the glenohumeral joint. The patient did not experience any ill effects from the extravasation following the procedure nor at her 1

week follow-up.

YEAR: 2017

Bromberg R, Dave K, Mankodi D, Danckers M. Soft tissue laceration caused by lower extemity intraosseous access insertion in 938
an obese patient. BMJ Case Rep 2017;d0i:10.1136/bcr-2017-220069. (United Kingdom)

This case report describes a complication of a laceration that occurred in an 85 year old morbidly obese female that presented in septic
shock and received a proximal tibial 10 placement. A 45 mm needle set was used for the initial insertion, which was completed without any
initial problems; no stabilizer was placed. The patient had fluid resuscitation via the 10 site with rapidly improved hemodynamics. During
transport she developed a 7 cm laceration across the 10 insertion site. The catheter was removed and laceration sutured. Authors opined
that the lack of use of the EZ-Stabilizer dressing, the amount of soft tissue and thin skin and traction forces on the 10 site applied during
transport contributed to this complication.

Budach NM, Niehues SM. CT angiography of the chest and abdomen in an emergency patient via humeral intraosseous access. 823
Emerg Radiol 2017;24(1):105-8. d0i:10.1007/s10140-016-1438-6. (Germany)

This case report describes a CT angiography of the chest and abdomen done via an EZ-IO catheter placed in a critically ill patient’s

proximal humerus. The contrast media was infused at a rate of 4 mL/s and the infusion pressure never exceeded 300 mmHg. No

immediate or short term complications were observed. The authors describe the overall image quality and vessel contrast observed as

excellent.

Bulstrode H, Kabwamab S, Durnford A, Hempenstallc J, Chakraborty A. Temporising extradural haematoma by craniostomy 939
using an intraosseous needle. Injury 2017;45(5):1098-1100. doi:10.1016/j.injury.2017.02.011

This case report describes use of an intraosseous needle for initial management of increased intracranial pressure from an extradural bleed
in a 43 year old female with a traumatic head injury. The patient was taken to surgery for a craniotomy and recovered without deficit.
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Elliott A, Dubé P, Cossette-Coté A, et al. Intraosseous administration of antidotes-a systematic review. Clin Toxicol 2017;
55(10):1025-54. d0i:10.1080/15563650.2017.1337122

This study reviews current IO administration of antidotes for patients that have presented to the emergency department with serious
poisoning and IV access is not available. The study concluded that the evidence supporting the use of 10 route for administering antidotes
for poisoning patients is rare. Most evidence of IO access administration of antidotes has occurred in animal studies and case reports. Per
author, despite lack of evidence, |10 access is a potential option for antidotal treatments for resuscitation for patients where |1V access is not
available.

Helleman K, Kirpalani A, Lim R. A novel method of intraosseous infusion of adenosine for the treatment of supraventricular
tachycardia in an infant. Pediatr Emerg Care 2017;33(1):47-8. doi: 10.1097/PEC.0000000000000966

This article describes a case in which adenosine was administered to a 2-week old patient with supraventricular tachycardia, which was
successfully terminated following intraosseous administration of the drug.

Hodgetts JM, Johnston A, Kendrew J. Long-term follow-up of two patients with retained intraosseous sternal needles. J R Army
Med Corps 2017;163(3):221-2. doi: 10.1136/jramc-2016-000699

This article describes two cases in which FAST1 intraosseous needle tips were retained in the sternal manubrium of patients following
device removal. In each case, there were no long-term complications.

Mayer EF, Gianlanella P, Munjal I, Cunningham-Rundles C, Dara J. Fulminant sepsis due to granulibacter bethesdensis in a 4-
year-old boy with x-linked chronic granulomatous disease. Pediatr Infect Dis J 2017;36(12):1165-6.
doi:10.1097/INF.0000000000001659

This is a case report of a 4 year-old boy with chronic granulomatous disease (CGD), who had a fulminant and fatal infection with
Granulibacter bethesdensis. Upon presentation to the hospital, intraosseous access was obtained for fluid resuscitation.

Santos AP, Conkin R, Dowd K. Needle break: Complication and management of intraosseous vascular access. Am Surg
2017;83(1):e18-20

This report describes a case study of a 19 year-old male who had an |0 catheter placement in the left proximal tibia with EZ-10 after
sustaining injuries in a motorcycle accident. Upon removal of the 10 access, the needle broke at the hub with the retained needle no longer
exposed above the skin. Removal at the bedside using Hemostat forceps failed, as well as the use of a sternal needle holder and a wire
twister. Under fluoroscopic guidance, a 4 mm Stryker Crown drill bit was used to remove the retained needle by coring it out of the bone.
The site was irrigated, bone graft substitute was placed into the defect, and the surgical site was closed. The patient healed well and was
discharged with no complications 3 days later.

Takei H, Nomura O, Yasuda M, Inoue N. Dermal abrasion due to semi-automatic intraosseous device. Pediatr Int 2017;59(5):641-2

This paper describes a complication of dermal abrasion with the EZ-1O device in a 1 year old female in Japan who was treated in the
emergency department for severe dehydration due to acute gastroenteritis.

Thadikonda KM, Egro FM, Ma I, Spiess AM. Deltoid compartment syndrome: A rare complication after humeral intraosseous
access. Plast Reconstr Surg Glob Open 2017;5(1):€1208. doi: 10.1097/GOX.0000000000001208

Case report of a 64 year old female in critical condition that had bilateral humeral intraosseous (I0) access sites placed for resuscitation.
Past medical history included a clotting disorder. 10 access was removed within 24 hours after CVC placement. Eight days post-10 catheter
removal the patient developed pain, swelling, decreased motion and firmness in the area near the 10 site. Conservative management failed
and clinicians confirmed elevated deltoid compartment pressures and diagnosed compartment syndrome. She was taken to the operating
room for a fasciotomy. Post-operatively the patient had pain relief, improved range of motion and last check-up had no pain and full range
of motion.

Yee D, Deolankar R, Marcantoni J, et al. Tibial osteomyelitis following prehospital intraosseous access. Clin Pract Cases Emerg
Med 2017;1(4):391-4

Case report of a 29 year old that was diagnosed with osteomyelitis in his left tibia after a prehospital 10 placement for resuscitation of
cardiac arrest. Medications infused included naloxone, epinephrine, and amiodarone. The patient had ROSC and his 10 catheter was
removed within one hour of ED arrival due to infiltration. Diagnosis of tibial osteomyelitis occurred approximately 8 weeks post-initial
placement.

YEAR: 2016

Azan B, Teran F, Nelson BP, Andrus P. Point-of-care ultrasound diagnosis of intravascular air after lower extremity intraosseous
access. J Emerg Med 2016;51(6):680-3. http://dx.doi.org/10.1016/j.jemermed.2016.05.064

This case reports one patient in which they found a vascular air embolism via ultrasound when they were assessing the patient’s femoral
vessels prior to arterial line placement on the same side as a limb that had an 10 device placed. The authors noted that it was possible air
was introduced when the patient injected IV heroin to that same leg; but believe it was more likely the IO line or tubing was not flushed or
left open for a period of time.
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Davis J, Bates L. Rapid sequence induction via an intraosseous needle. J Intensive Care Society 2016;17(2):178-9

This article presents a case study of rapid sequence intubation via intraosseous (I0) access with a review of relevant literature. The authors
describe a case of an adult male patient, peri-arrest with cardiogenic shock, cyanosed with un-recordable oxygen saturations and blood
pressure. 10 access was established in the proximal tibia and rapid sequence induction was performed using fentanyl, ketamine and
suxamethonium. After 30 seconds direct laryngoscopy was attempted and intubation was secured on first attempt. The authors concluded
that use of 10 access for RSI can be useful in cases of difficult vascular access and rapid intubating conditions can be achieved which are
comparable to using IV drug delivery.

Ginsberg-Peltz J. Time to bone healing after intraosseous placement in children is ill defined. Pediatr Emerg Care
2016;32(11):799-800. doi:10.1097/PEC.0000000000000652

This article discusses the difficulty in defining the time to bone healing after 10 access insertion in children. A case study is presented of a
23 month old male with multiple comorbidities that had a tibial and proximal humerus 10 placed then 3 weeks post IO placement had tibial
swelling. Upon follow-up he was diagnosed with a tibial fracture and incomplete healing of the tibial bone accessed for IO use. Repeated 10
access to a limb previously accessed is advised regardless of time after access. Authors emphasize that IO access is a “critically important
tool" in pediatric emergency medicine and 10 access should be used early and often.

Greenstein YY, Koenig SJ, Mayo PH, Narasimhan M. A serious adult intraosseous catheter complication and review of the
literature. Crit Care Med 2016;44(9):€904-9. doi: 10.1097/CCM.0000000000001714

This article includes a case study of an adult patient who received an intraosseous (lO) catheter, that may have extravasated, resulting in
vascular compromise. The patient was treated with pharmacologic intervention and the status was reversed. A review of the literature on
adult IO complications is also described.

Hess T, Béhmer R, Arndt F, et al. Bilateraler intraossérer zugang am humerus bei reanimation eines 3-Jéhrigen [Case Report-
Bilateral humeral intraosseous access for CPR in a 3-years-old child]. Anasthesiol Intensivmed Notfallmed Schmerzther
2016;51(07-08):468-74. d0oi:10.1055/s-0042-110237.

This article in German describes a case study of a 3 year old child with a serious heart defect (after total cavopulmonary anastomosis) in
which bilateral humeral 10 access sites were obtained to manage her condition and the patient was discharged after 30 days without
neurological deficits. Key messages include that 10 access in children should be a primary access route in emergent and urgent situations,
unless a suitable venous access is already available; the humeral head insertion site is an accepted method in emergency situations in
adults and children; and 10 access is intended for regular emergency administration of drugs. The purely preventive use of an IO is not
indicated. Article in German.

Kjellemo H, Hansen AE, @ines DA, Nilsen TO, Wik L. Pediatric cardiac arrest due to trauma. Prehosp Emerg Care 2016;20(3):425-
31. doi:10.3109/10903127.2015.1111479

This case study describes a "lifeless child" who had been trapped by an electrically operated garage door. An IO needles was placed in
each tibia and adrenalin was administered. Despite being asystolic for up to 19 minutes, the child eventually recovered with neurologic
reflexes and motor abilities intact.

Krishnan M, Lester K, Johnson A, Bardeloza K, Edemekong P, Berim |. Case report: Bent metal in a bone: A rare complication of
an emergent procedure or a deficiency in skill set? Case Reports in Critical Care 2016;d0i:10.1155/2016/4382481

This article describes a case in which an EZ-10 catheter inserted into the proximal humerus required surgical intervention for removal after
traditional removal efforts failed. Authors noted the patient refused an attempt to stabilize the insertion site. Discussion and a brief review of
the literature discusses available 10 devices and complications. In conclusions authors opined that with education and training, EZ-10 may
become the preferred method of achieving rapid vascular access for emergent resuscitation with a low risk for complications.

Strong D, Powell E, Tilney PVR. A 20-year-old-male with hemorrhagic shock. Air Med J 2016;35(1):8-11.
http://dx.doi.org/10.1016/j.amj.2015.10.003

This case study describes the medical management of a 20 year old male post high-speed motor vehicle crash with multitrauma and in
shock upon air medical team arrival. Care entailed aggressive airway support, bilateral chest decompressions, management of potential
pelvic bleeding with a pelvic binder, one peripheral IV through which packed red blood cells and plasma were given and one proximal
humerus 10 through which 1 g tranexamic acid (TXA) was given.
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YEAR: 2015

Anson JA, Sinz EH, Swick JT. The versatility of intraosseous vascular access in perioperative medicine: a case series. J Clin 729
Anesth 2015;27(1):63-7.http://dx.doi.org/10.1016/j.jclinane.2014.10.002

This article presents a 5-case series describing use of 10 vascular access by anesthesiologists in the perioperative and critical care
settings. All insertions were made in the proximal tibia and there were no adverse events reported. The devices cited as being used were
the EZ-10 and the Cook Surfast manual needle. A proposed perioperative vascular access algorithm incorporating IO access is presented.
The authors address key topics around 10 access including use of same drug dosing as IV administered drugs, frequent palpation and
monitoring of the insertion site for extravasation, low complication rate and actual risks associated with fat emboli and bone injury, pain and
anxiety management in the awake patient and clinician-perceived pain. Administration of blood products, ACLS drugs, Lactated Ringer’s
solution and anesthetics are noted without complication. Use of |0 aspirate for laboratory testing is noted, however use of the initial aspirate
is indicated. Several patients in the case series were reported to find the discomfort of 10 insertion preferable to multiple intravenous
attempts. The authors concluded: 10 lines can be placed quickly and safely in emergency situations or in elective surgical patients with
difficult intravenous access; 10 access can be useful in a wide variety of clinical settings; and is an important skill for anesthesiologist to
learn.

Ewy G, Bobrow B, Chikani V et al. The time dependent association of adrenaline administration and survival from out-of-hospital 919
cardiac arrest. Resuscitation 2015;96:180-85. doi:10.1016/j.resuscitation.2015.08.011

This article discusses a retrospective analysis of data collected to investigate the possible time-dependent outcomes associated with
adrenaline administration by personnel with Emergency Medical Services (EMS). Primary endpoint was survival to hospital discharge and
positive neurological outcome. The study included 3,469 patients with out of hospital cardiac arrest (OHCA). Study concluded patients with
OHCA that had been treated early with adrenaline and had a shockable rhythm had a survival rate to hospital discharge.

Grabel Z, DePasse JM, Lareau CR, Born CT, Daniels AH. Intra-articular placement of an intraosseous catheter. Prehosp Disaster 741
Med 2015;30(1):1-4. doi:10.1017/S1049023X14001290

Case report of a prehospital misplacement of an 10 catheter into the intra-articular space of the knee joint when access was attempted in
the field. Upon ED arrival IO placement was noted to be high and intra-articular placement was confirmed by xray. A sterile NS lavage was
done and patient recovered without complication. Authors note this as a previously unidentified complication of 10 placement and advise
xray confirmation of affected sites with follow-up of intra-articular placements for the septic arthritis. (Picture of site appears to be an EZ-10).

Means L, Gimbar RP. Prothrombin complex concentrate administration through intraosseous access for reversal of rivaroxaban. 765
Am J Emerg Med 2015;34(3):685.e1-2. doi:10.1016/j.ajem.2015.07.057. doi: 10.1016/j.ajem.2015.07.057

This paper describes a case study of a 64 year old man who presented to the ED with symptoms of bleeding related to rivaroxaban and
clopidogrel. Due to concern for bleeding, low BP, and perceived difficulty in IV access, 10 access was obtained. After access the patient
experienced significant pain and was unable to tolerate large volume administration through the 10 site. The patient was successfully
treated with prothrombin complex concentrate (PCC), which has a smaller volume when compared to blood products. This was the first
reported case of |0 PCC administration.

Northey LC, Shiraev T, Omari A. Salvage intraosseous thrombolysis and extracorporeal membrane oxygenation for massive 929
pulmonary embolism. J Emerg Trauma Shock 2015;8(1):55-7

This is a case report of a 34 year old female with bilateral peripheral pulmonary emboli with bibasal consolidation and pleural effusions. Due
to difficulty with establishing peripheral access, 10 access was established in the proximal tibia and Alteplase was administered through the
line. Central venous and arterial access were ultimately obtained, and extracorporeal membrane oxygenation (ECMO) was initiated. The
patient ultimately recovered and was discharged from the hospital after 36 days. The authors noted that the combination of 10 thrombolysis
and ECMO for treatment of acute massive PE has not been previously reported and highlights the importance of appropriate access for
administration of pharmacotherapy in the critically ill patient.

Overbey JK, Kon AA. Dermal abrasion experienced as an adverse effect of the EZ-I0. J Emerg Med 2016;50(1):e7-10. doi: 753
10.1016/j.jemermed.2015.09.003.

This article presents a case report of a 7 month old female who received intraosseous vascular access via the EZ-10 in the distal femur that

resulted in a dermal abrasion where the needle hub contacted the skin. The wound healed without significant complication however the

scar at the 10 site persisted at 11 months post the event. The authors recommend that providers use the minimal force necessary when

operating the EZ-10 to avoid similar adverse events.

Paterson ML, Callahan CW. The use of intraosseous fluid resuscitation in a pediatric patient with ebola virus disease. J Emerg 796
Med 2015;49(6):962-4. http://dx.doi.org/10.1016/j.jemermed.2015.06.010

Case study of 9-month-old patient (approximate weight 7 kg) presented with Ebola Virus Disease (EVD) and severe dehydration. 10 access
was obtained using a 15 g Jamshidi device to the right proximal tibia. A total bolus of 280 mL of lactated ringers solution was infused; then
the 10 infusion continued for 12 hours until an 1V could be established. Authors stated it is important for emergency disaster responders, as
well as their responding organizations, to know and understand that IO access is an important and safe modality to use in patients with
EVD, and in the austere settings often found in disaster settings.
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Rottenstreich M, Malka |, Glassberg E, Schwartz O, Tarif B. Pre-hospital intra-osseous freeze dried plasma transfusion: a case
report. Disaster and Military Medicine

2015;1(8):1-3

Case report of a 13 year old girl suffering from severe hemorrhagic shock due to blast injuries and gun shot wounds that received freeze-
dried plasma via 10 access as part of prehospital resuscitative efforts. Her vital signs improved upon arrival to the hospital; and she was
released after 3 weeks of hospitalization.

Sampson CS, Bedy S-M. Lipid emulsion therapy given intraosseously in massive verapamil overdose. Am J Emerg Med
2015;33(12):1844.el1.doi: 10.1016/j.ajem.2015.04.061

A case study report of a 24-year old female who presented to the emergency department after consuming an over dose amount of
verapamil. Central and peripheral venous access were obtained for delivery of vasopressors and intravenous fat emulsion 20% (IFE). IFE
was initiated via peripheral IV (P1V) access but access was lost; administration through central access was not possible due to the potential
drug interaction. Intraosseous (I0) access was established using the Arrow EZ-10 system in the proximal tibia without complication and IFE
administration was resumed. The patient reported some pain with infusion. After half the bolus administration was delivered, the infusion
pump alarmed due to inadequate flow. PIV access was obtained and IFE administration was resumed using the newly obtained access
route. The authors suggested that the viscosity of the medication may have caused the delivery failure by infusion pump through the 10
route and recommend slowing down the bolus rate of infusion for clinicians attempting this route for IFE administration in the future.

Suominen P, Nurmi E, Lauerma K. Intraosseous access in neonates and infants: Increased risk of compartment syndrome and
leg amputation. Resuscitation 2015;96(Suppl 1):S131-2. http://dx.doi.org/10.1016/j.resuscitation.2015.09.313

This is an abstract of a study that analyzed possible technical and anatomical factors leading to the complication of amputation as a result
of 10 placement. The study was prompted by a case report of amputation in a neonate after 10 access using the EZ-10 device. The study
measured medullary diameter of the proximal tibia at the recommended 10 access site in three groups: 1-28 day old full term neonates, 1-
12 month old infants, and 3-4 year old children. The mean diameter in each group was 7.7 mm, 9.9 mm, and 12.4 mm, respectively. The
small size of the 10 space, especially in neonates and infants, makes correct placement difficult. As such, complications should be taken
into consideration in this patient population.

Suominen PK, Nurmi E, Lauerma K. Intraosseous access in neonates and infants: risk of severe complications- a case report.
Acta Anaesthesiologica Scandinavica 2015;59(10):1389-93. doi: 10.1111/aas.12602

This case study describes a neonate who suffered a cardiac arrest, had return of spontaneous circulation (ROSC) and was treated with
multiple medications and therapeutic hypothermia. The patient had received three 10 needle insertions, one in the left tibia that was
removed following swelling with bolus injection; one in the left distal femur that dislodged with movement of the patient's legs; and one in
the right proximal tibia. Twenty-four hours after initial 10 needle placement the child developed pallor and discoloration and was diagnosed
with compartment syndrome to the right lower extremity. Five days post-1O insertion a below the knee amputation was performed.
Medications infused via the 10 access included epinephrine and norepinephrine infusions.

YEAR: 2014

Barlow B, Kuhn K. Orthopedic management of complications of using 10 catheters. Am J Orthop 2014;43(4):186-90

Literature search for complications associated with 1O access included 5759 patients with overall complication rate of 2.1 %. Two cases
involving retained needle fragment discussed; one with a proximal tibial EZ-10 that required surgical removal. Authors concluded 10
catheters are reliable tools for fluid and drug delivery to critically ill patients with low complication rates (which can be potentially serious but
managed).

Chansa E, Kansen K, Gustafsson B. [An intraosseous blood transfusion in a critically ill child] Une transfusion sanguine par voie
intraosseuse chez un enfant gravement malade. Afr J Emerg Med 2014;4(2):83-5. https://doi.org/10.1016/j.afjem.2013.05.003

This article describes a case study of a 31-month old infant that suffered hypovolemic shock due to severe epistaxis. After several failed
peripheral and central line attempts an 18g needle was inserted intraosseously through the proximal tibia. The child received 300 mL of
Ringer’s Lactate in one hour then 200 mL of blood via the 10 route by syringe boluses resulting in improvement. Cloxacillin was also
administered 10 as prophylaxis for infection. Authors conclude an IO blood transfusion should be the immediate intervention in similar life-
threatening situations.

Zambia

Danz M, Schulz G, Hinkelbein J, Braunecker S. Breaking the needle: A rare complication on EZ-IO removal. Eur J Anaesthesiol
2014;31:172-80

This letter to the editor describes a single case of a needle breaking off after a proximal tibial insertion of the EZ-10 into a volunteer (one of
the letter’s authors) during a training session. "Divergent from manufacturer instructions the sterile steel stylet was put back into place to
achieve better grip for a manual pull-out. Under steady pull in strict axial alignment and gentle clockwise turn, the needle broke away from
the plastic connector”. The needle was extracted using combination pliers and there is no evidence of damage to the leg. Authors
acknowledge this can be avoided by adherence to manufacturer’s directions for use.
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Fowler RL, Lippmann MJ. Benefits vs risks of intraosseous vascular access. Patient Safety Network
Https://psnet.ahrq.gov/iwebmm/case/331 Published July-August 2014. Accessed August 6, 2018

This is a discussion of a case study involving a hospitalized woman who had an 10 line placed during a code after becoming unresponsive.
Several unsuccessful attempts at peripheral venous access were made prior to 10 access. The patient was diagnosed 3 hours later with
compartment syndrome due to extravasation that required complex ongoing care in the ICU for 2 months.

Lewis P, Wright C. Saving the critically injured trauma patient: a retrospective analysis of 1000 uses of intraosseous access.
Emerg Med J 2014;31(9):784. doi:10.1136/emermed-2014-203588

This retrospective study reported 10 use over a 7-year period during combat operations in Afghanistan by the UK Defence Medical
Services. The EZ-10 and FASTL1 IO devices were available for use; 10 use data was collected from the front line, during helicopter
evacuation and at the combat hospital. A total of 1014 IO devices were inserted into 830 adult patients; various medications infused via IO
access are listed. Across all cases there were no serious 10 complications and 14 minor complications. The author concluded that in the
pre-hospital setting in particular and in severely injured trauma patients, IO access should be considered a primary method of obtaining
vascular access.

Lingner M, Niederer O, Majolk J, Krombholz K. Kasuistik: Die intraossare infusion als alterative in der sepsistherapie beim
erwachsenen [Case report: Intraosseous infusion as an alternative solution in the therapy of septicemia in an adult]. Anasthesiol
Intensivmed Notfallmed Schmerzther. 2014;49(2):100-3. doi:10.1055/s-0034-1368674

Case study of 36 year-old in septic shock with co-morbidities of IV drug abuse, endocarditis, tricuspid valve insufficiency and pulmonary
embolism. Initially impossible to obtain PIV or CVC access; then unable to give desired fluids through 22 gauge PIV when finally placed.
Proximal humerus IO access was established with the EZ-IO 45 mm needle set and the patient was resuscitated with 30 mL/kg fluids and
multiple medications given in first hour. Conclusions included that CVCs are not always possible and volume treatment with an 10 placed
sooner rather than later, especially in children but also in adults, can be lifesaving. 10 systems should be extensively available throughout
the clinical setting. Article in German.

Germany

Oesterlie GE, Petersen KK, Knudsen L, Henriksen TB. Crural amputation of a newborn as a consequence of intraosseous needle
insertion and calcium infusion. Ped Emerg Care 2014;30(6):413-4

Case study of newborn girl resuscitated with 15 mm EZ-10 catheter placed to her right proximal tibia. Medications given included
antibiotics, "fluids" and calcium. Demarcation of the infants skin was noted immediately post-calcium administration; with progression to
necrosis. Trans-tibial amputation was performed 1.5 months after initial 10 access. Authors concluded calcium extravasation most likely
caused the injury but were unable to identify extravasation cause; citing possible needle displacement. Cautionary steps to reduce risk
emphasized by authors.

Denmark

Swaney PM, Nayman BD, Cabanas JG, Myers JB. Fatal myocardial ischemia in a 12-year-old secondary to fiboromuscular
dysplasia. Am J Emerg Med 2014;32(7):812.e5-7. d0i:10.1016/j.ajem.2013.12.027

A case study report describing a 12-year-old male who expired following a fatal myocardial ischemia. The patient complained of severe
chest pains within the week prior to the event and was misdiagnosed as having GERD. ECG by first responders showed STEMI; IO access
was established in the PT for vascular access.

YEAR: 2013

Ahrens KL, Reeder SB, Keevil JG, Tupesis JP. Successful computed tomography angiogram through tibial intraosseous access:
a case report. J Emerg Med 2013;45(2):182-5. doi: 10.1016/j.jemermed.2012.11.091

Case report of 54-year-old male obtunded patient requiring a CT angiogram to diagnosis a suspected massive pulmonary embolism. After
several failed attempts to reestablish PIV access, 150mL of contrast were injected through the proximal tibia IO catheter placed by EMS.
Excellent opacification of the pulmonary arteries was achieved and there were no immediate complications from the injection noted.

d’Heurle A, Archdeacon MT. Compartment syndrome after intraosseous infusion associated with a fracture of the tibia. The
Journal of Bone and Joint Surgery, Incorporated Case Connect 2013;3(1):e20. http://dx.doi.org/10.2106/JBJS.CC.L.00231

Case study of adult multi-trauma patient that had an intraosseous device placed to a fractured left tibia and developed compartment
syndrome. Authors concede it is unclear if the fluid infused through the 10 device caused the compartment syndrome or if it was due to the
multiple-fractures in the tibia. Authors advise against placing an 10 line in an injured limb and mention the proximal humerus and sternum
as alternative 10 sites.
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Fetissof H, Nadaud J, Landy C, Millot |, Paris R, Plancade D. Amines on intraosseous vascular access: A case of skin necrosis.
Ann Fr Anesth Reanim 2013;32(5):e89-90.http://dx.doi.org/10.1016/j.annfar.2013.02.022

A letter to the editor reporting a case study of skin necrosis after |0 administration of norepinephrene following resuscitation of a 74 years
old in septic shock. The EZ-IO was placed to the proximal tibia; approximately 45 minutes post- norepinephrine administration symptoms of
necrosis were evident.

Authors cite 3 hypotheses for the cause of necrosis and consider that amines’ high level concentration could induce local toxicity in the
bone matrix and artery spasm; suggesting it is necessary to define an upper limit of amines’ concentration that should be administered
through 10 vascular access.

Frascone RJ, Salzman JG, Ernest EV, Burnett AM. Use of an intraosseous device for invasive pressure monitoring in the ED. Am
J of Emerg Med 2014;32(6):692.e3-692.e4.d0i:10.1016/j.ajem.2013.12.029

A case study describing intraosseous pressure monitoring, through tibial IO access, using a standard arterial pressure monitoring
transducer during resuscitation of a 31-year-old male in cardiac arrest. Pressure readings were recorded for approximately 53 minutes and
were compared to non-invasive blood pressure cuff monitoring at the same time points. 10 systolic, diastolic and mean IO pressures were
approximately 40% of arterial pressures. This is the first case report demonstrating IO space has a measureable blood pressure and it
correlates with pressure obtained through conventional techniques.

Hamed RK, Hartmans S, Gausche-Hill M. Anesthesia through an intraosseous line using an 18-gauge intravenous needle for
emergency pediatric surgery. J Clin Anesth 2013;25(6):447-51;pii: S0952-8180(13)00202-X. doi:
10.1016/j.jclinane.2013.03.013.http://dx.doi.org/10.1016/j.jclinane.2013.03.013. Accessed September 3, 2013

This 30 pediatric patient case series describes use of IO access in the perioperative setting when peripheral and central venous access
failed during anesthesia administration for emergency surgery. Due to unavailability of modern 10 devices, a standard 18-gauge IV needle
with a handmade |V extension set were used to establish IO access. The authors reported administering ketamine, succinylcholine,
pancuronium, atracurium, halothane, neostigmine, atropine, blood products, fluids and hydrocortisone through the 10 line without
complication. The authors concluded that although it is not the first-line method for anesthesia, 10 access should be considered by pediatric
anesthesiologist when peripheral and central venous access has failed or is difficult.

Iraq

Plancade D, Millot I, Fetissof H, et al.. Sternal perforation with an intraosseous device and hemomediastinum infusion Ann Fr
Anesth Reanim 2013;http://dx.doi.org/10.1016/j.annfar.2013.01.009

A 45-year-old woman in hemorrhagic shock with multiple injuries to the limbs, secondary to a war wound, received sternal IO access using
the Jamshidi trocar (not specifically intended for sternal use). After initiating a blood transfusion through the 10 line a contrast CT scan
revealed sternal perforation and hemomediastinum, secondary to the transfusion, as well as drainage into the left pleural cavity. The
catheter was removed, right thoracic drainage was performed, and the patient was released from ICU 48 hours later. The authors conclude
this case report demonstrates the difficulty in selecting emergency insertion sites and the necessity of choosing an appropriate 10 catheter.

Pozza M, Lunardi F, Pflipsen M. Emergency intraosseous access: a useful, lifesaving device use in Afghanistan. J Spec Oper
Med 2013;13(1):25-8

A case study describing use of the EZ-10 in Afghanistan by US military on 5 patients with traumatic injury including one pediatric patient.
Access was obtained in the proximal tibia on first attempt and was used to administer crystalloids in all patients along with opioids,
analgesics and antibiotics. All ultimately received central venous access and peripheral access was established in one patient. There were
no 10 complications.

Spencer TR. Intraosseous administration of thrombolytics for pulmonary embolism. J Emerg Med 2013;45(6):€197-e200.
http://dx.doi.org/10.1016/j.jemermed.2013.05.057

A case report describing administration of thrombolytics via tibial IO vascular access for pulmonary embolism in a 36-year-old woman. Due
to the emergent nature of the situation, 10 access was determined to be the best option for immediate vascular access. Alteplase was
administered through the 10 line at 100 mg over 2 hours without complication. The patient successfully recovered and was discharged from
the hospital on day 7 without long-term disability. The author concluded that this case study raised the potential use of 10 lines to deliver
thrombolytics in patients with massive pulmonary embolism and that further evaluation is needed to compare the risk and benefits of the
alternative method of administration.

Weiser G, Poppa E, Katz Y, Bahouth H, Shavit I. Intraosseous blood transfusion in infants with traumatic hemorrhagic shock - a
case report and review of the literature. Am J Emerg Med 2013;31(3):640.e3-4. doi: 10.1016/j.ajem.2012.10.036

This article describes a case study of a 5-month old infant that suffered a head injury resulting in shock. She received 100 mL of red blood
cells via the EZ-10O in the proximal tibia, resulting in rapid hemodynamic improvement. A literature search was completed for cases of 10
blood transfusion in pediatric trauma. Authors note 10 availability and knowledge play an important role in hemorrhagic shock; and RBC
infusions via the 10 route are feasible in this age group.
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YEAR: 2012

Cote C, Dumont M, Gagnon JA. Abnormal bone scanning following intraosseous access. Medecine Nucleaire 2012;
doi:101016/j.mednuc.2012.02.175

This case study describes a 12 month boy who received 10 access for administration of anticonvulsant therapy. Three days post 10 infusion
sensitivity to the leg was noted and the child returned to the ED. Blood work showed elevated white blood counts and C-reactive protein. A
bone scan showed a small round lucency at the site of 10 access. Two weeks later, x-rays were normal. The authors suggest that IO
access may cause an increased uptake on bone scan in absence of osteomyelitis.

Goodman IS, Lu CJ. Intraosseous infusion is unreliable for adenosine delivery in the treatment of supraventricular tachycardia.
Pediatr Emerg Care 2012;28(1):47-8

Physicians from two different emergency department settings reported 2 cases of supraventricular tachycardia (SVT) in infants (2 and 4
month old) in which IO administration of adenosine failed to convert SVT to a normal rhythm.

Helm M, Goller R, Hackenbroch C, Hossfeld B. A complication of the use of an intra-osseous needle. Emerg Med J 2012;29:923.
doi: 10.1136/emermed-2011-200139

This is a case report of needle sheering associated with the use of the FAST-1 intraosseous infusion system. A soldier successfully placed
a FAST-1 needle in the sternum of a healthy volunteer soldier during a training session. Upon completion of the training session, the soldier
was unable to remove the needle. The retained needle was later removed surgically at a field hospital.

Landy C, Plancade D, Gagnon N, Schaeffer E, Nadaud J, Favier JC. Complication of intraosseous administration of systemic
fibrinolysis for a massive pulmonary embolism with cardiac arrest. Resuscitation 2012;83(6):e149-50. doi:
10.1016/j.resuscitation.2012.01.044

This letter to the editor describes a case in which a 53-year-old male in ventricular fibrillation received 10 access via the EZ-10 in the ED
with suspected massive pulmonary embolism. The patient was successfully resuscitated. Necrosis of the anteromedial side of the leg, at
the 10 site, presented 48 hrs post 10 use. After 18 weeks the patient underwent surgical grafting. The authors linked the necrosis to
adrenaline extravasation and local ischaemia. While the authors conclude that thrombolysis or repeated high doses of adrenaline should be
given via the 10 route when needed, it is not without the risk of complication.

Plancade D, Nadaud J, Lapierre M, et al. Feasibility of a thoraco-abdominal CT with injection of iodinated contrast agent on
sternal intraosseous catheter in an emergency department. Annales Francaises d'Anesthesie et de Reanimation
2012;http://dx.doi.org/10.1016/j.annfar.2012.10.009

This letter to the editor describes a case in which sternal IO access was established using a Jamshidi needle to administer iodinated
contrast for a thoraco abdominal CT on a 61-year old male who presented to the ED with respiratory distress. Picture quality was deemed
excellent by the radiologists. The authors conclude that the sternal 10 route can be used with excellent picture quality but it should be used
only in exceptional cases due to the potential risks of a high-power injection through the bone. EZ-IO is mentioned as an alternative 10
device available.

Severyn FA. Complication after intraosseous needle removal following successful systemic thrombolysis for a massive
pulmonary embolism. Resuscitation 2012;83(11):e207. doi:10.1016/j.resuscitation.2012.07.014

This letter to the editor is written in response to the case report by Landy titled, Complication of intraosseous administration of systemic
thrombolysis for a massive pulmonary embolism with cardiac arrest. The author suggests that the tissue necrosis described by Landy may
have been due to the removal of the 10 needle while there was still significant fibrinolytic activity at the needle insertion site. The author
suggests a change in medical care after return of spontaneous circulation (ROSC) in patients following thrombolytic administration through
10 access to convert the functioning IO line to a non-flowing saline lock. The EZ-IO was used to provide 10 access in the case report by
Landy.

YEAR: 2011

Auerhammer J. [Lebensbedrohliche arterielle blutung aus der a. carotis communis: Fallstricke bei der intraossaren punktion].
Notfall Rettungsmedizin 2011;14(2)147-150;doi 10.1007/s10049-010-1380-1. German

This article in German presents a case of a 67-year-old female patient with an arterial bleed and venous access difficulties in whom 10
access was attempted unsuccessfully two times using two different 1O systems. The author concluded that 10 success is dependent upon
10 anatomy and physiology knowledge as well as knowledge of the device being used.

Brisson M. Trauma and the military medic. EMS1.com 12/01/2011

This article describes use of 10 access along with other prehospital interventions in a traumatically wounded soldier in a combat zone. The
10 site used was the proximal humerus as the patient had 3 of 4 limbs traumatically amputated.
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Chatterjee DJ, Bukunola B, Samuels TL, Induruwage L, Uncles DR. Resuscitation in massive obstetric haemorrhage using an
intraosseous needle. Anaesthesia 2011;66(4):306-10.d0i:10.1111/j.1365-2044.2011.06629.x

The case report describes a woman experiencing massive hemorrhaging following emergency caesarean delivery. Though the patient
possessed a peripheral 1V catheter, additional IV access was needed and gained through the proximal humerus 10 space using an EZ-10.
This vascular stabilization and additional filling of the central volume through the 10 route allowed placement of a subclavian central line.
Authors concluded that a key to the resuscitation process was the rapid utilization of the 10.

Cotte J, Prunet B, d'Aranda E, Asencio Y, Kaiser E. [A compartment syndrome secondary to intraosseous infusion]. Ann Fr
Anesth Reanim 2011;30(1):90-1. doi: 10.1016/j.annfar.2010.05.038. French

A case study report in French describing compartment syndrome secondary to intraosseous infusion in a 57-year-old burn patient. 10
access was established in the proximal tibia on second attempt; both attempts were made in the same limb though it was noted that the
first attempt did not penetrate the cortex. Drug and fluid infusion was initiated; ten hours later the limb was found to appear ischemic. The
10 catheter was removed and compartment release was performed. The author concluded that 10 access remains an important mode of
vascular access and that adherence to contraindications and careful clinical monitoring should decrease risk of complications.

France

de Vogel J, Heydanus R, Mulders AGM, Smalbrakk DJC, Papatsonis DNM, Gerritse BM. Lifesaving intraosseous access in a
patient with a massive obstetric hemorrhage. Am J Perinatol Rep 2011;1(2):119-122. doi: http://dx.doi.org/10.1055/s-0031-1293514
Case study of a 42 year-old woman with massive obstetric hemorrhage ultimately resulting in postpartum hysterectomy. Massive blood loss
and inability to stop bleed prevented sufficient resuscitation via established PIV lines. 10 access was established with the EZ-10 and used
for fluid replacement and administration of cardiac resuscitation drugs. Fluid administered through 10 access was 75% of the total infusion
volume.

Henson NL, Payan JM, Terk MR. Tibial subacute osteomyelitis with intraosseous abscess: an unusual complication of
intraosseous infusion. Skeletal Radiol 2010;40(2):239-42. doi:10.1007/s00256-010-1027-9

This report describes the case of a 62-year-old man who received emergency tibial 10 infusion without complication in the pre-hospital
setting and presented to the ED 6 months later complaining of shin pain. MRI and culture findings were diagnostic of subacute
osteomyelitis with 10 abscess. The patient had a history of multiple chronic health problems including diabetes type Il, MGUS, and positive
MRSA colonization dating back two years prior. The authors concluded that the occurrence of osteomyelitis with 10 abscess may increase
as a result of increased pre-hospital use of 10 infusion in adult patients with multiple comorbidities.

Heyder-Musolf J, Giest J, Straub J. Kasuistik-Intraosséarer Zugang bei einem 1300 g schweren septischen Neugeborenen[Case
history-Intraosseous access on a 1300 g septical premature infant]. Anasthesiol Intensivmed Notfallmed Schmerzther
2011;46(10):654-7. doi: 10.1055/s-0031-1291943. [German]

Case description of a critically ill 15 day old premature infant weighing 1300 g. Tibial 10 access was placed perioperatively for an urgent
surgery.

Howarth D. Adult intraosseous access: experiences in a remote emergency department. Australian Family Physician
2011;40(7):510-1

In this article, the author makes a supporting case for remote emergency departments to stock adult intraosseous kits by referencing two
adult septic shock cases in which 10 access was used for rapid IV fluid replacement as well as |V antibiotics and inotrope support.

Khan LAK, Anakwe RE, Murray A, Godwin Y. A severe complication following intraosseous infusion used during resuscitation of
a child. Inj Extra 2011;d0i:10.1016/j.injury.2011.05.015

This article describes the case of an 11-year-old boy who suffered compartment syndrome of the lower leg following use of the EZ-10 for
resuscitation and 24 hours of intraosseous infusion of adrenaline, calcium and potassium. The author concluded that further work is needed
to develop recommendations for maximum duration, dose, volume and rates for intraosseous infusion.

Knuth TE, Paxton JH, Myers D. Intraosseous injection of iodinated computed tomography contrast agent in an adult blunt trauma
patient. Ann Emerg Med 2011;57(4):382-6. doi:10.1016/j.annemergmed.2010.09.025

This article reports a case in which 10 access was used to deliver intravenous contrast agent in an adult blunt trauma patient. After
placement in the proximal humerus, contrast agent was administered via the 10 route, and clinicians found the CT scans of the thorax,
abdomen, and pelvis to be adequate for diagnostic purposes and subjectively equivalent to those of studies using central venous access.
There were no complications and the authors concluded that 10 access appeared to be an effective alternative to traditional venous access
for administering contrast agents for CT evaluation in adult blunt trauma patients.
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Navarro Suay R, Bartolome Cela E, Hernandez Abadia de Barbara A, Tamburri Bariain R, Rodriguez Moro C, Olivera Garcia J.
[Intraosseous access for fluid therapy in combat situations: use by Spanish military medical staff in Afghanistan]. Rev Esp
Anestesiol Reanim 2011;58(2):85-90

This article in Spanish describes the Spanish military medical staff's experience with the use of intraosseous lines for fluid therapy in a
combat zone from March 2007 to June 2008. Twenty-five patients had an IO placed with the Bone Injection Gun (BIG). Placement success
rates were 76% for the 19 pre-hospital placements and 100% for the 6 in-hospital placements. There were no complications during
insertion. Conclusion was intraosseous access can provide an alternative to venous access for treating trauma patients in combat zones.

Ruiz-Hornillos PJ, Marinez-Camara F, Elizondo M, et al. Systemic fibrinolysis through intraosseous vascular access in ST-
segment elevation myocardial infarction. Ann Emerg Med 2011;57(6):572-4. doi:10.1016/j.annemergmed.2010.09.011

This article describes a case in which systemic fibrinolysis was administered through the intraosseous route in a patient with ST-segment
elevation myocardial infarction. Fibrinolytics and antiarrhythmic drugs were administered though the 1O line, resulting in resolution of
coronary ischemia and electrical instability, without complications. Authors concluded that intraosseous cannulation represents a novel
route for administration of systemic fibrinolysis in cases of difficult peripheral venous access in the out-of-hospital setting.

Taylor CC. Amputation and intraosseous access in infants. BMJ 2011;342:d2778. doi:10.1136/bmj.d2778

This article describes two cases of leg amputation after intraosseous infusion in a 5-month-old girl and a 17-month-old boy. The author
concluded that fluid extravasation, exacerbated by tibial fracture and needle dislodgement during transportation, caused limb ischemia in
these two patients, and that adherence to the principles of careful needle placement, splinting/securing the catheter and limb, limited length
of infusion and repeated monitoring of the limb will help avoid this devastating complication.

Wechselberger G, Radauer W, Schimpl G, et al. Lower limb salvage in a 7-month-old infant using free tissue transfer. J Ped Surg.

2011;46:1852-4. D0i:10.1016/j.jpedsurg.2011.06.037

A 7-month-old male infant in septic shock from Neisseria meningitides experienced a complication of bilateral extravasation of noradrenalin
at the proximal tibia intraosseous infusion site resulting in severe soft tissue necrosis. Necrosectomy was performed bilaterally and surgical
interventions were successfully performed to salvage both limbs. At 19 months the patient was able to crawl without extension deficit.

YEAR: 2010

Dasgupta S, Playfor S. Intraosseous fluid resuscitation in meningococcal disease and lower limb injury. Pediatr Rep
2010;2(1):e5:18-9

Authors reviewed two complications (extravasation and compartment syndrome) associated with 10 access in children with meningococcal
disease. Authors concluded that IO systems need formal evaluation to assess safety and complication profiles.

Hiller K, Jarrod MM, Franke HA, Degan J, Boyer LV, Fox FM. Scorpion antivenom administered by alternative infusions. Ann
Emerg Med 2010;56(3):309. doi:10.1016/j.annemergmed.2010.04.007

This letter to the editor describes 2 cases in which 1V administration of antivenom was not possible and was thereby administered via 10
route, and in one case via the intramuscular route as well. In both cases the patients recovered.

Mitchell C, Tauferner D, Huebner K. Placement of the EZ-I0 sternal and EZ-IO manual needle sets with and without chemical
protective equipment: a cadaveric study. Prehosp Emerg Care 2010;14:14-5

In this abstract of a study presented at the 2010 National Association of EMS Physicians Meeting, researchers describe a study in which
sternal and tibial 10 devices were evaluated with and without chemical protective equipment. Researchers concluded that the use of the
protective equipment did not affect the success rate or time to placement for the two IO devices.

Mosier JM, Hiller K, Franke H, Degan J, Boyer LV. Scorpion antivenom administered via alternative infusions. J Med Toxicol
2010;6:249

A case study describing administration of scorpion antivenom via intraosseous (10) vascular access in a 16-month old female. Following
failure to obtain IV access in pre-hospital and upon arrival at the ED, 10 vascular access was established in the proximal tibia and 3 vials of
antivenom in 50 mL saline were administered over 10 minutes. Within 5 minutes, the patients respiratory status improved, intubation was
averted, and vital signs stabilized immediately; nystagmus and writhing resolved. The patient was discharged home after a short
observation period. The authors concluded that when IV access is difficult, IO access may be a rapid and reasonable rescue maneuver for
patients requiring scorpion antivenom.

Navarro K. Intraosseous infusion. Texas EMS Magazine 2010;Nov/Dec:34-9

This article provides a brief history of 10 infusion and further discusses this vascular access technique in terms of anatomy and physiology,
indications and contraindications, performing the manual procedure, and possible complications. A case study is discussed in which a 7-
month-old male was treated under emergency circumstances with 10 infusion in the lower limb and developed compartment syndrome,
resulting in a below the knee amputation.
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Valdes M, Araujo P, de Andres C, Sastre E, Martin T. Intraosseous administration of thrombolysis in out-of-hospital massive
pulmonary thromboembolism. Emerg Med J 2010;27(8):641-4. doi:10.1136/em;j.2009.086223

This case study describes a 25 year-old woman who had a massive pulmonary thromboembolism and was administered thrombolysis via
10 route (internal tibial malleolus) in the air-transfer pre-hospital setting. The patient recovered.

Werner M, Daniel HP, Hoitz J. [Intraossérer zugang beim innerklinischen notfall intensivmedizinischer fallbericht]. Der
Anaesthesist 2010;59(7):628-32. German

This article in German reports a case of 10 access performed in the ICU due to difficult peripheral access. The authors suggested that
based on this case different strategies of critical care and possible improvements should be made. .

YEAR: 2009

Burgert JM. Intraosseous infusion of blood products and epinephrine in an adult patient in hemorrhagic shock. AANA J 2009; 77:

359-63
Case report of 10 infusion in 79-year old woman with hematemesis after intestinal surgery.

Fenton P, Bali N, Sargeant I, Jeffrey SLA. A complication of the use of an intra-osseous needle. J R Army Med Corps
2010;155(2):110-1

This case report describes a complication of use of a sternal 10 device (FAST-1, Pyng Medical Corporation, Richmond, Canada) in a 21-
year-old soldier who suffered multiple soft tissue fragmentation injuries, in which the needle tip broke in situ. The author concluded the
complication resulted from the 10 needle being placed when the patient was lying in a lateral position with the skin over the manubrium
displaced from the midline.

Fortin JL, Capellier G, Manzon C, Giocanti J, Gall O. Intraosseous administration of hydroxocobalamin in the acute treatment of
cyanide poisoning. Burns 2009;35(S1):S15-6. doi: 10.1016/j.burns.2009.06.061. France

Case study of a 9- month old treated with IO hydroxocobalamin for suspected smoke inhalation cyanide poisoning. The patient was
discharged from the ICU without neurological sequelae. Authors stated the 10 route for hydroxocobalamin warrants further exploration to
improve ease and speed of treatment.

Nutbeam T, Fergusson A. Intraosseous access in osteogenesis imperfecta (I0 in Ol). Resuscitation 2009;80(12):1442-3.
doi:10.1016/j.resuscitation.2009.08.016

This article describes a case in which 10 access, using the EZ-10, was attempted in a patient with osteogenesis imperfecta. In each of 3
attempts, the needle became loose immediately after 10 insertion. The author acknowledged that during emergencies it is difficult to assess
and consider every possible contraindication for every intervention; and that 10 access using the EZ-10 is the author’s choice for
emergency vascular access when peripheral access is difficult or has failed.

Sarkar D, Philbeck T. The use of multiple intraosseous catheters in combat casualty resuscitation. Mil Med 2009;174:106-8

This case study describes injuries sustained in Iraq by an American soldier, and the concurrent use of 4 10 devices to resuscitate and
stabilize him.

Semjen F, Dobremez E, Bordes H. How to assess the correct position of intraosseous access? A case report. Arch Pediatr 2009;
16: 1298-300. [French]

Article in French. English translation not available.

Tsung HW, Blaivas M, Stone MB. Feasibility of point-of-care colour Doppler ultrasound confirmation of intraosseous needle
placement during resuscitation. Resuscitation 2009;80:665-8

Color Doppler ultrasound revealed extraosseous flow in incorrectly placed IO insertions. Recommends point-of-care Doppler machine to
verify placement.

Weiss M, Henze G, Eich C, Neuhaus D. Intraossare infustion: Eine wichtige technik auch fur die kinderanasthesie [Intraosseous
infusion: an important technique also for paediatric anaesthesia]. Anaesthesist 2009;58(9):863-75.doi. 10.1007/s00101-009-1605-1
German

Discusses use of 10 for pediatric anesthesia. Specifies importance of equipment, education, guidelines.
YEAR: 2008

Alawi KA, Morrison GC, Fraser DD, Al-Farsi S, Collier C, Kornecki A. Insulin infusion via an intraosseous needle in diabetic
ketoacidosis. Anaesth Intensive Care 2008;36:110-2

Case report of resuscitation and insulin infusion in a 5-year old child with severe diabetic ketoacidosis.
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Gayatri J, Tobias JD T. The use of intraosseous infusions in the operating room. J Clin Anesth 2008;20:469-73

This article presents a case study of an 10 infusion during the anesthetic care of an infant with cyanotic congenital heart disease (CHD).
The article also discusses the role of the 10 route in perioperative care and reviews the adverse effect profile.

Joseph G, Tobias JD. The use of intraosseous infusions in the operating room. J Clin Anesth 2008;20:469-73
Case report of anesthetic use of 10 infusion in a 8-month old infant during surgery.

Langley DM, Moran M. Intraosseous needles: They’re not just for kids anymore. J Emerg Nurs 2008; 34:318-9

Case reports in which intraosseous (I0) vascular access was successfully used on adults. Summarizes indications for use, complications,
and precautions/considerations.

Moen TC, Sarwark JF. Compartment syndrome following intraosseous infusion. Orthopedics 2008; 31: 815
Case report of compartment syndrome in a 6-year old girl after 10 infusion during cardiac arrest.

van Rijn RR, Knoester H, Maes A, van der Wal AC, Kubat B. Cerebral arterial air embolism in a child after intraosseous infusion.
Emerg Radiol 2008;15:259-62. doi:10.1007/s10140-007-0681-2

In this case study a 7-month-old female with comorbidities was taken to the ED in cardiopulmonary arrest. 10 access was the only vascular
access method available for resuscitation. Post mortem CT of the head showed a considerable amount of air within the aterial circulation;
the cause of death was listed as undetermined. The authors conclude that considering the details of the patient, the only logical explanation
for the cerebral arterial air embolism is that air was introduced into the bloodstream via the 10 route.

YEAR: 2007

Hillewig E, Aghayev E, Jackowski C, Christe A, Plattner T, Thali MJ. Gas embolism following intraosseous medication application
proven by post-mortem multislice computed tomography and autopsy. Resuscitation 2007;72:149-53

This case study describes a 4-month-old boy that was found unresponsive. Resuscitation was started and continued through arrival to the
ED; 10 access at the proximal tibia was established using a 15 gauge aspiration needle as the only vascular access. Post mortem
multislice CT examination showed gas in the hepatic veins, the right atrium, right ventricle, the upper pole of the right kidney and the
cerebral vessels. Though air embolism was ruled out as the cause this death, it could have caused death in another case. The authors
conclude that gas may have entered the body during resuscitation due to 10 needle disconnections and that resuscitation with an inserted,
disconnected 10 needle should be avoided.

YEAR: 2006

Tomar S, Gupta BA. Resuscitation by intraosseous infusion in newborn. MJAFI 2006;62(2):202-3
Two case studies of neonates that successfully received 10 infusion.

YEAR: 2005

Koschel MJ. Emergency: Sternal intraosseous infusions. Am J Nurs 2005;105(1):66-8

Nursing article discussing the utility of the sternum as a site for 10 infusion. Includes clinical indications, insertions technigues,
contraindications, potential complications, post-insertion care and considerations for discontinuing the sternal device.

Ritz J. [Vascular access in emergency paediatric anaesthesia]. Anaesthesist 2005;54(1):8-16. German

Case studies in 2 children reviewed by 89 members of the Swiss Pediatric Anesthesia and heads of Anesthesia Departments of Swiss
Teaching hospitals, 10 was determined to be the safest method of vascular access on 1 of the cases.

Abstract only
YEAR: 2004

Dogan A, Irmak H, Harman M, Ceylan A, Akpinar F, Tosun N. Tibial osteomyelitis following intraosseous infusion: a case report.
Acta Orthop Traumatol Turc 2004; 38:357-60

Case report of acute osteomyelitis developing 10 days alter 10 infusion in a 5-month-old infant admitted for sepsis.

Schwartz SB, Kleid DM. Fictitious fracture after infusion of intravenous contrast material via an intraosseous needle. Pediatr
Emerg Care 2004;20:829-31

Case report of misdiagnosis of a bone fracture as a result of 10 infusion of radiographic contrast material in the involved extremity.
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YEAR: 2003

Bowley DM, Loveland J, Pitcher GJ. Tibial fracture as a complication of intraosseous infusion during pediatric resuscitation. J
Trauma 2003; 55: 786-7

Case report of 10 infusion complicated by iatrogenic fracture at the 10 insertion site. Concludes that multiple attempts to achieve |0 access
weakened the bone cortex and that "considerable force" applied by an anxious 100-kg emergency room doctor led to the fracture.

Frascone R, Kaye K, Dries D, Solem L. Successful placement of an adult sternal intraosseous line through burned skin. J Burn
Care Rehabil 2003;24:306-8

Case report of a patient in asystolic arrest successfully resuscitated with an IO line inserted through deeply burned skin without
complication. After multiple failed 1V attempts, 10 access was the only viable method of vascular access.

Lake W, Emmerson AJB. Use of a butterfly as an intraosseous needle in an oedematous preterm infant. Arch Dis Child Fetal
Neonatal Ed 2003;88(5): F409

An 18 gauge butterfly needle was inserted into the proximal tibia of a premature infant born at 25-weeks gestation, following inability to
establish other modes of vascular access due to gross oedema. The intraosseous line was left in place for 6 days until it was lost; there
were no adverse events reported however the author noted that no safety data on long term use of the device was collected.

Launay F, Paut O, Katchburian M, Bourelle S, Jouve JL, Bollini G. Leg amputation after intraosseous infusion in a 7-month-old
infant: a case report. J Trauma 2003; 55(4):788-90

Case report of a 7-month-old infant who developed severe compartment syndrome associated with popliteal arterial thrombosis following 10
fluid infusion resulting in limb amputation.

YEAR: 2002

Harty MP, Kao SC. Intraosseous vascular access defect: fracture mimic in the skeletal survey for child abuse. Pediatr Radiol
2002;32(3):188-90

Case report emphasizing that a cortical lesion in the proximal tibia corresponding to the site of 10 insertion should not be mistaken for a
radiographic sign of child abuse.

YEAR: 1999

Geller E, Crisci KL. Intraosseous infusion of iodinated contrast in an abused child. Pediatr Emerg Care 1999;15(5):328-9

This case study described administration of iodinated contrast via 10 infusion in the tibia, for an abdominal CT scan in a 7 week old infant.
CT imagining demonstrated adequate enhancement of the solid organs and vasculature.

Herman MI, Chyka PA, Butler AY, Rieger SE. Methylene blue by intraosseous infusion for methemoglobinemia. Ann Emerg Med
1999;33(1):111-3
Case report of a 6-week-old female infant with methemoglobinemia successfully treated with IO Methylene blue when other venous access
was not feasible.

YEAR: 1998

McCarthy G, Buss P. The calcaneum as a site for intraosseous infusion. J Accid Emerg Med 1998;15:421.d0i:10.1136/em].15.6.421
A 3-year old male presented at the emergency department with rapidly progressing circulatory collapse clinically aligned with

meningococcal septicemia. Attempts at peripheral and central venous access were unsuccessful. Attempts at tibial IO insertion were
unsuccessful with a number of needles bending when cortical penetration was attempted. IO insertion was successfully achieved at the
medial aspect of the calcaneum. 10 infusion was continued for 6 hours and removed when no longer needed. The patient fully recovered
and the calcaneal site healed without complication.

Nasimi A, Gorin P, Berthier M, Boussemart T, Follet-Bouhamed C, Oriot D. [Use of the intraosseous route in a premature infant].
Arch Pediatr 1998; 5: 414-7. French

Case report of a 34-week-old pre-term neonate with septic shock requiring emergency treatment. Umbilical vein was unusable.
Resuscitation with 10 access was successful. Concludes that 10 access be used before attempting access with superior longitudinal sinus.

Abstract

Ramet J, Clybouw C, Benatar A, Hachimi-ldrissi S, Corne L. Successful use of an intraosseous infusion in an 800 grams preterm
infant. Eur J Emerg Med 1998; 5: 327-8

Case report of successful use of an |0 access line in an 800 gm pre-term infant.
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YEAR: 2011

Aliman AC, Piccioni Mde A, Piccioni JL, Oliva JL, Auler Junior JO. Intraosseous anesthesia in hemodynamic studies in children
with cardiopathy. Rev Bras Anestesiol 2011;61(1):41-9

A comparative study evaluating the effectiveness of 10 access in relation to 1V access for infusion of anesthetics (ketamine, midazolam,
and fentanyl) and fluids during hemodynamic studies in 21 infants with congenital heart disease. IO access was established in the proximal
tibia (n=11). Results showed, time to access was significantly shorter with 10 access (3.6 vs 9.6 minutes); anesthetic onset was shorter with
1V access (56.3 vs 71.3 seconds); and no significant difference between groups for hydration volume and anesthesia recovery time. The
authors concluded that due to its easy manipulation and efficiency, hydration and anesthesia by 10 access was satisfactory without
necessity of other infusion access.

Brazil

Baombe J, Foex B. Is intraosseous access a safe option in adult cardiac arrest? A review of literature. Critical Care
2011;15(S1):S105. doi:10.1186/cc9714

This abstract reports a literature review using both MEDLINE and Embase databases up to August 2010 to determine feasibility and safety
of 10 administration during adult cardiac arrest. Authors reported a lack of literature (only two studies met their level of evidence criteria) but
concluded IO access in adults appears to be a fast, reliable method to deliver drugs and fluid during CPR allowing adequate drug
concentrations and pharmacological response; and should be considered if other medication delivery methods have failed. (Presented at
the March 2011 International Symposium on Intensive Care and Emergency Medicine)

Brady M. Intraosseous infusion: A 'humerus' subject? J Paramed Pract. 2011;3(4):198.

This paper summarizes a study comparing first attempt success rates between TIO and HIO insertions during out-of-hospital cardiac arrest
(OHCA). Insertions were performed by paramedics using an EZ-10 device. During the first month insertions were first attempted via the HIO
route followed by the TIO route if unsuccessful; and vice versa during the second month. The overall TIO insertion success rate was 84.5%.
The overall HIO insertion success rate was 40%.

Byars DV, Tsuchitani SN, Erwin E, Anglemyer B, Eastman J. Evaluation of success rate and access time for an adult sternal
intraosseous device deployed in the prehospital setting. Prehosp Disaster Med 2011;26(2):127-9

A prospective study evaluating use of the FAST-1 sternal 10 device in critically ill or injured patients in cardiac arrest in the pre-hospital
setting. In one year, 41 insertion attempts were performed using the FAST-1. Thirty (73%) of attempts were successful and the mean time
to placement was 67 seconds from time of opening the packaging to ability to aspirate/infuse without infiltration. Of the 11 insertion failures,
7 were due to failure of the device to deploy; 2 infiltrations after insertion; 1 inability to aspirate; and 1 failure of the catheter to deploy
though the needles were inserted.

Dolister M, Miller ST, Borron S, Truemper E, Shah MR. Intraosseous vascular access can be used safely
and effectively, and at a lower cost than central venous catheters, for pediatric and adult patients in
the hospital setting. Ann Emerg Med 2011;58(4S):S311

This abstract describes the interim results of an observational clinical trial evaluating use of the EZ-10 to establish venous access in
patients that would typically receive a central line due to lack of other options. At interim analysis, 50 patients had been enrolled in the
study. First attempt 10 access success rate was 96%; mean time to 10 access was 95.1 seconds. The authors concluded that IO access in
place of or as a bridge to central venous catheters is safe, fast, and effective for adult and pediatric patients in the hospital setting with
substantial cost savings potential. This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Hansen M, Meckler G, Spiro D, Newgard C. Intraosseous line use, complications, and outcomes among a population-based
cohort of children presenting to California hospitals. Pediatr Emerg Care 2011;27(10):928-32

This retrospective cohort study evaluated data from 450 California hospitals and emergency departments to determine the rate of 10
access use and related complications in the pediatric population from 2005-2007. Results showed 291 children had 10 access placed in 90
hospitals out of 6.6 million pediatric ED visits and 2.2 million pediatric admissions; no complications were identified. The most frequent
diagnosis related to 10 use was cardiac arrest (34%).

Harcke HT, Crawley G, Mabry R, Mazuchowski E. Placement of tibial intraosseous infusion devices. Mil Med 2011;176(7):824-7
This article describes a military study in which post-mortem preautopsy multidetector CT was used to assess placement of tibial 10 needles
in battlefield trauma deaths where 10 was used as part of the medical intervention. Results showed 58 of 61 (95%) tibial 10 needles were
correctly placed. In this study, the device used for 10 placement was not recorded, but may have been the manual device or EZ-IO as the
Army has access to both.
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Harcke T, Crawley G, Ritter B, Mazuchowski E. Feedback to the field: an assessment of sternal intraosseous (I0) infusion. J Spec
Oper Med 2011;11(1):23-6

This article summarizes the case-based observations made by the Armed Forces Medical Examiner System on soldiers killed in action/died
of wounds who had evidence of sternal intraosseous access. The Pyng Fast-1 is noted in the article as the sternal IO device most widely
distributed by the department of defense (DOD); the EZ-10 is listed as another device that may be seen in emergency care facilities within
the DOD. Of 98 cases, 78 (80%) showed proper placement; 20% were unsuccessful. It should be noted that the article incorrectly states
that the EZ-10 using the powered driver is indicated for sternal placement.

Luu JL, Wendtland CL, Gross MF, et al. Three-percent saline administration during pediatric critical care transport. Pediatr
Emerg Care 2011;27(12):1113-7. doi: 10.1097/PEC.0b013e31823aff59

Retrospective study describing 3% saline administration during pediatric critical care transports. Primary indications for use included
cerebral edema, intracranial bleed with edema and symptomatic hyponatremia. The primary infusion route was peripheral venous with 4
infusions via central line and 2 via the 10 route. Most patients received one bolus enroute. No adverse reactions were noted for any route.

Olaussen A. Best evidence topic reports: which intraosseous device is best in the prehospital setting? Emerg Med J
2011;28(8):717-8. doi: 10.1136/emj.2010.108381

This article describes a literature review study with the objective of establishing which intraosseous device is best for prehospital use. This
short review searched Medline 1950-2010, CINAHL 1982-2010 and EMBASE 1980-2010 and identified two studies meeting their evidence
search criteria, one study compared the BIG vs. manual; the second compared EZ-I0 vs. FAST-1. The clinical bottom line asserted by the
author was traditional manual 10 devices have faster, better success rates in the pre-hospital setting; but that more randomized trials are
needed to determine the best device.

Australia

Strandberg G, Larsson A, Lipcsey M, Eriksson M. Intraosseous blood aspirates analysed by a portable cartridge-based device.
Crit Care 2011;15(S1):P138. d0i:10.1186/cc9558

In this pre-clinical study, 10 and arterial blood samples were collected over a 6-hour timeframe from the tibia of anesthetized swine,
analyzed using an iStat and compared. Results showed compliant values between 10 and arterial blood for electrolytes, hemoglobin, pH,
and pCO2. Lactate, BE, PO2 and SO2 were less compliant. There were high correlations between SO2 and PO2 although the levels in
arterial blood were higher.

YEAR: 2010

Craiu M, lordachescu M, Stan |, et al. Alternative intraosseous infusion technique via spinal needle, valuable tool for pediatric
resuscitation. Resuscitation 2010;81S:S76. doi:10.1016/j.resuscitation.2010.09.312

This abstract describes a retrospective case-series analysis of pediatric 1O recipients from 1998-2009. Seventy-two (72) patients were
included in the study; IO access was established in the proximal tibia (n=61), medial tibia (n=8), distal tibia (n=1), sternum (n=1), and iliac
crest (n=1). 10 access devices used in the proximal tibia included the Cook Critical Care needle (n=4), the Jamshidi needle (n=2), the BIG
(n=1), and an 18 gauge spinal needle (n=54). The authors concluded that a spinal needle can be used to provide 10 vascular access in
children.

Hartholt KA, van Lieshout EM, Theis WC, Patka P, Schipper IB. Intraosseous devices: a randomized controlled trial comparing
three intraosseous devices. Prehosp Emerg Care 2010;14(1):6-13. doi: 10.3109/10903120903349861

This article describes a randomized, single-blind, controlled trial to determine which 10 needle can be used best for gaining 10 access in
patients requiring acute administration of fluids or medication in a prehospital setting. The study was performed at a level 1 trauma center in
the Netherlands with a Helicopter Emergency Medical Service (HEMS). Adult and pediatric patients meeting inclusion criteria were
randomized between Jamshidi 15G, B.I.G. 15G/18G and F.A.S.T.1. Insertion time, success, aspiration of bone marrow, side effects,
medication given, trauma mechanism, and user satisfaction were recorded. In the adult group Jamshidi was placed fastest, significantly
faster than the F.A.S.T.1. (p=0.002). Time to insert the B.l.G. 15G did not differ statistically from other devices. In the pediatric group
insertion time of the Jamshidi did not differ statistically from the B.l.G. 18G. On average, the devices (adult and pediatric) did not differ
significantly with respect to success rate, complication rates, and user satisfaction. EZ-IO was not included in this study as it was not
approved for use in the Netherlands at the time the trial began. Authors recommend comparison with EZ-1O in future research.

Neuhaus D, Weiss M, Engelhardt T, et al. Semi-elective intraosseous infusion after failed intravenous access in pediatric
anesthesia. Pediatr Anesth 2010;20(2):168-71. doi: 10.1111/j.1460-9592.2009.03244.x

Authors report an observational study of 14 children in whom semi-elective 1O infusion was performed under anesthesia after peripheral IV
had failed. 10 infusion was successful for all 14 patients, using the EZ-10 system for 8 patients and the Cook system for 6 patients.
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Tobias JD, Ross AK. Intraosseous infusions: A review for the anesthesiologist with a focus on pediatric use. Anesth Analg
2010;110(2):391-401.

The authors describe literature that support the use of 10 access for administering anesthesia in the ICU, perioperative and operating room,
including a study in which 10 access was used successfully for providing intraoperative anesthesia for 106 of 109 patients. Among their
conclusions, the authors reported that, even though rarely reported in anesthesia literature, 10 access is a technique anyone providing care
to children should consider when the patient has difficult IV access. They also concluded that 10 access should be a part of an algorithm
that includes numbers of attempts at peripheral access, feasibility of central access and the need for continued postoperative access; and
that considering that 10 access may be occasionally used in the perioperative setting in both emergent and nonemergent scenarios, it may
be beneficial to have appropriate 10 needles in the OR.

Turkan H. How does the training effect the use of intraosseous access with a battery driven device? Resuscitation
2010;81(2):S93. doi:http://dx.doi.org.10.1016/j.resuscitation.2010.09.380

This abstract describes a study in which 60 physicians, nurses, and paramedics naive to IO vascular access were trained on the Arrow EZ-
10 system. After lecture and hands-on training, the clinicians attempted to perform the procedure using a bone model and evaluated the
device for ease of insertion, number of attempts, time to insertion, and their opinion on the device. The authors concluded use of the EZ-10
system can result in high success rates of insertion with inexperienced device users.

Wampler DA, Shumaker J, Manifold C, Bolleter S, Frandsen J. Humeral intraosseous access success rate in adult out-of-hospital
cardiac arrest. Ann Emerg Med 2010;56(3):S88

This retrospective study evaluated humeral |10 placement success rates, using the EZ-10, in the out of hospital cardiac arrest patient. Over
a 9 month period, humeral placement was attempted in 247 patients. First attempt successful placement was 91%; successful placement
within two attempts was 94%. The authors concluded that humeral IO is a reliable method of fluid and drug delivery in the out of hospital
cardiac arrest population. This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

YEAR: 2009

Frascone RJ, Jensen J, Wewerka SS, Salzman JG. Use of the pediatric EZ-IO needle by emergency medical services providers.
Pediatr Emerg Care 2009;25:329-32

Prospective study of 246 EMS providers at 14 EMS agencies. Reports successful IO placement in 95% of cases (18 of 19).

Leidel BA, Kirchoff C, Bogner V, Stegmaier J, Mutschler W, Kanz KG, Braunstein V. Is the intraosseous access route fast and
efficacious compared to conventional central venous catheterization in adult patients under resuscitation in the emergency
department? A prospective observational pilot study. Patient Saf Surg 2009;3:24

This article describes a study conducted at an urban Level | trauma center in Munich, Germany. Ten consecutive patients for whom PIV
was difficult or impossible were simultaneously given a central line and an EZ-10. Procedure times were measured and defined as the time
the device package was taken off the shelf until the first drug or solution was administered. First attempt success rate was 90% for EZ-10
and 60% for CVC. The mean procedure times were 2.3 minutes for EZ-IO and 9.9 minutes for CVC, a clinically and statistically significant
difference. Investigators concluded, because CVC was slower and less efficacious, 10 may improve the safety of patients requiring
resuscitation in the ED.

Levitan RM, Bortle CD, Snyder TA, Nitsch DA, Pisaturo JT, Butler KH. Use of a battery-operated needle driver for intraosseous
access by novice users: skill acquisition with cadavers. Ann Emerg Med 2009;54(5):692-4

This article describes a cadaver study to determine skill acquisition and performance by use of the EZ-IO system by novices. Overall
success rate for the 99 operators was 97%, and mean insertion time was 6 seconds. All operators rated the device faster and easier than
using a central line, and 99% expressed willingness to use the device for cardiac arrest patients.

Lo TY, Reynolds F. To use intraosseous access or not to use intraosseous access: Determinants of trainees' decision in
paediatric emergencies. Eur J Emerg Med 2009;16(6):301-4. doi:10.1097MEJ.0b013e32832b6360

This study sought to determine whether training and previous 10 insertion experience influenced a trainee pediatrician's decision on
emergency vascular access choice. Multivariate logistic regression analysis showed that previous real life 10 insertion experience was the
only significant factor to increase the likelihood of choosing 10 as the first vascular access choice in an emergency situation. Prior 1O
insertion experience was more likely to be found among more experienced trainees.

MacKinnon KA. Intraosseous vascular access use at a Sighature Healthcare Brockton Hospital Department of Emergency
Services. J Emerg Nurs 2009; 35: 425-8

This article describes 10 use in general, and the EZ-10 in particular. The author describes its use by the emergency staff at her hospital and
how they became advocates for 10 access in both emergent adult and pediatric patients. She found that its use improves the quality of our
care by providing vascular access to our most critical patients.
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Mukisi MM, Bashoun K, Burny F. Sickle-cell hip necrosis and intraosseous pressure. Orthop Traumatol Surg Res 2009;95(2):134-
8. doi: 10.1016/j.0tsr.2009.01.001

This study sought to show that intraosseous hyperpressure plays a role in the pathophysiology of sickle-cell like idiopathic osteonecrosis of
the femoral head (ONFH). 10 ONFH patients underwent decompression drilling and pressure measurement resulting in 16 intraosseous
pressure (IOP) measurements recorded. Six were sickle-cell patients, 2 were sickle-cell trait carriers with ONFH, and 2 were ONFH patients
free of sickle-cell disease. Drilling was performed with a Jamishidi DJ4008X puncture needle. Results displayed elevated predrilling IOP-1
and IOP-2, which was reduced after drilling (IOP-3). IOP-1 and IOP-2 were found to be significantly higher in the sickle-cell disease and
sickle-cell trait carrier groups (P<0.05).

Ngo AS-Y, Oh JJ, Chen Y, et al. Intraosseous vascular access in adults using the EZ-10 in an emergency department. Int J Emerg
Med 2009. Available at http://www.springerlink.com/content/d16841757807k635/fulltext.pdf. Accessed 09/09/20009

This article describes a prospective, observational study involving a convenience sample of 25 medical students, physicians and nursing
staff recruited evaluate the EZIO powered drill device on a bone model. Twenty-three (92%) of the 25 study subjects required only one
attempt at placing the EZ-10. Investigators concluded that the device was easy to use with high success rates of insertion with
inexperienced participants.

Ong ME, Chan YH, Oh HH, Ngo AS. An observational prospective study comparing tibial and humeral intraosseous access using
the EZ-I0. Am J Emerg Med 2009;27:8-15

Comparison of tibial and humeral 10 use in 24 adults. Both sites suitable for 10 infusion. This study was sponsored by Vidacare
Corporation, acquired by Teleflex Incorporated.

Ong ME, Ngo AS, Wijaya R. An observational prospective study to determine the ease of vascular access in adults using a novel
intraosseous access device. Ann Acad Med Singapore 2009;38:121-4

This article describes a prospective, observational study involving a convenience sample of 25 medical students, physicians and nursing
staff recruited evaluate the EZIO powered drill device on a bone model. Twenty-three (92%) of the 25 study subjects required only one
attempt at placing the EZ-10. Investigators concluded that the device was easy to use with high success rates of insertion with
inexperienced participants. (Note: This study was also described in an earlier article published in American Journal of Emergency
Medicine) This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Ornato JP, Peberdy MA, Kurz MC. Abstract P134: A building block strategy for optimizing outcomes from out of hospital cardiac
arrest. Circulation 2009;120:S1470-a

In this 1,598 patient case series, investigators studied the effects of serial standard of care changes in the EMS system over time. They
concluded that 10 access is an essential component for a proven algorithm for the management of OOH-CA.

Plancade D, Ruttimann M, Boulland P, et al. [Evaluation d’un nouveau catheter pour perfusion intra-osseuse en OPEX]. La Revue
du CARUM-Réanoxyo 2009;25(2):49-50. French

This article describes an observational study performed by the French military air surgical team in Chad. There were 11 patients with no
insertion failures. For 7 patients, the insertion site was the proximal tibia and for the remainder the site was the proximal humerus. The
authors concluded that the EZ-1O is a device that is simple, reliable and which gives satisfaction for the administration of drugs.

Schutt RC, Bowman B, Cevik C, et al. Intraosseous line placement does not improve outcome in adults with out-of-hospital
cardiac arrest. Prehosp Emerg Care 2009;13(1):102

This abstract describes a small study designed to determine if IO line placement improves outcome in adult patients with out-of-hospital
cardiac arrest. This 165 patient study did not demonstrate improved survival.

YEAR: 2008

Brenner T, Bernhard M, Helm M, et al. Comparison of two intraosseous infusion systems for adult emergency medical use.
Resuscitation 2008;78(3):314-9

Study comparing manual intraosseous insertion with EZ-10 using adult human cadavers as a model. No significant difference in insertion
time between 39 manual insertions and 45 EZ-10 insertions. Found a difference in the success rate (manual, 79.5% vs. EZ-10 97.8%,
p<0.01). The EZ-10 had fewer complications (manual, 15.4% vs. EZ-IO 0.0%, p<0.01) and scored higher on user friendliness (school
grading system: manual, 1.9+0.7 vs. EZ-10 1.2+0.4, p<0.01).

Fowler RL, Pierce A, Nazeer S, Philbeck TE, Miller LJ. 1,199 case series: Powered intraosseous insertion provides safe and
effective vascular access for emergency patients. Ann Emerg Med 2008;52(4):S152

Large retrospective study of patients for whom emergency vascular access was obtained using the Vidacare EZ-10 intraosseous system.
Insertion success was 92% and within 10 seconds for 84% of the one-attempt successful cases. Complication rate was low (4.8%), none
were serious, and extravasation was the most frequent (0.8%). The device was rated easy to use 72% of the time, and researchers
concluded that the powered 10 device is safe and effective for achieving vascular access in the resuscitation and stabilization of emergency
patients. This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.
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Horton MA, Beamer C. Powered intraosseous insertion provides safe and effective vascular access for pediatric emergency
patients. Pediatr Emerg Care 2008;24(6):347-50

A retrospective clinical study was conducted to demonstrate the safety and effectiveness of the EZ-10 intraosseous access device for
pediatric patients. For the 95 eligible patients in the study, successful insertion and infusion was achieved in 94% of the patients. Insertion
time was 10 seconds or less in 77% of the one-attempt successful cases reporting time to insertion. There were 4 minor complications
(4%), but none significant. The results of this study support the use of the EZ-10 for children in emergency situations. The complication rate
suggests that the powered |0 device is safe and effective for the resuscitation and stabilization of pediatric patients. This study was
sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Jensen J, Nusstein J, Drum M, Reader A, Beck M. Anesthetic efficacy of a repeated intraosseous injection following a primary
intraosseous injection. J Endod 2008;34(2):126-30

The objective of this study was to determine the anesthetic efficacy of repeated intraosseous injections of 2% lidocaine with epinephrine
given 30 minutes following a primary injection for pain management for dental procedures. Results found that a repeated injection provided
15 minutes of additional pulpal anesthesia.

Paxton JH, Knuth TE, Klausner HA. Humeral head intraosseous insertion: The preferred emergency venous access. Ann Emerg
Med 2008;52(4):S58

Interim report for quasi-controlled prospective study of emergency department patients for whom emergency vascular access using the
Vidacare EZ-10 intraosseous (I0) system (n=6) inserted in the proximal humerus was compared to access using central or peripheral
intravenous (1V) lines (n=60). Researchers concluded that proximal humerus 10 insertion is significantly faster than central or peripheral
intravenous (IV) line insertion. Complications and pain profiles were similar for 10 and IV techniques. This study was sponsored by
Vidacare Corporation, acquired by Teleflex Incorporated.

Pfister CA, Egger L, Wirthmoller B, Grief R. Structured training in intraosseous infusion to improve potentially life saving skills in
pediatric emergencies: results of an open prospective national quality development project over 3 years. Paediatr Anaesth
2008;26:31-8

Three-year study of 10 training and use in 28 hospital and ambulance services in Switzerland. Standardized training improved 10 success
rate to 100%.

Abstract only

Pointer JE, Vultaggio D, Schnepp R, Kleveno A. Fast or easy? Comparing two adult 10 infusion devices. JEMS.com 2008

This article describes an observational study in which two intraosseous devices were compared: the Pyng Medical F.A.S.T.1 and the
Vidacare EZ-10. For the 117 patients on which the F.A.S.T.1 was used, there was an 84% success; compared to a 97% success rate for
the EZ-10 (n=71).

Available at http://www.jems.com/news_and_articles/articles/Fast_or_Easy.html. Accessed 01/24/2008

Schwartz D, Amir L, Dichter R, Figenberg Z. The use of a powered device for intraosseous drug and fluid administration in a
national EMS: a 4-year experience. J Trauma 2008;64(3):650-4; discussion 654-5. doi: 10.1097/TA.0b013e31814db2a6

Prospective observational study of the use of the Bone Injection Gun in Israel from 2000 to 2004. Of the 189 patients enrolled in the study,
successful insertion on first attempt was accomplished in 91% of cases.

Susi L, Reader A, Nusstein J, Beck M, Weaver J, Drum M. Heart rate effects of intraosseous injections using slow and fast rates
of anesthetic solution deposition. Anesth Prog 2008;55(1):9-15

This article describes a prospective cross-over study that evaluated the effects on heart rate of intraosseous administration of 2% lidocaine
at various deposition rates in dental practice. Results showed the mean maximum heart rate was statistically higher with the fast
intraosseous injection over the two slow injections.

YEAR: 2007

Beamer CL, Horton M. Powered needle insertion provides safe and effective vascular access for pediatric emergency patients.
Ann Emerg Med 2007;50(3):S40

This abstract for a presentation at the 2007 American College of Emergency Physicians Research Forum describes an observational study
in which the EZ-10 was used to provide emergency vascular access for 95 pediatric patients. Successful insertion and infusion was
achieved in 94% of the patients, and insertion time was within 10 seconds for 81% of the placements. There were four minor and no
serious complications.

Cooper BR, Mahoney PF, Hodgetts TJ, Mellor A. Intra-osseous access (EZ-IO®) for resuscitation: UK military combat experience.
J R Army Med Corps 2007;153(4):314-6

Describes the experience of the UK Defence Medical Service using the EZ-10 for emergency vascular access in Afghanistan. They used
the device for 26 patients, including 10 children. Of the 26 EZ-1O placements, 23 were made in the emergency department. There was a
97% insertion success rate with no infection. Significant infusion pain was felt by three patients.
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Frascone RJ, Jensen JP, Kaye K, Salzman JG. Consecutive field trials using two different intraosseous devices. Prehosp Emerg
Care 2007;11(2):164-71

This article describes authors’ evaluation of provider performance using two 10 devices; the Pyng Medical F.A.S.T.1™ and the Vidacare EZ-
10®. Of 89 insertions with each device, success rate for 72% for the F.A.S.T.1 and 87% for the EZ-IO, a significant difference (p=0.009).
The time to fluid insertion for the EZ-10 was also faster (p=0.02). Authors noted that the EZ-1O is unique and much more useful than the
F.A.S.T.1.

Harrington LL, Rehbolz C, Mitchell PM, Dyer KS, King K, Moyer P. Out-of-hospital placement of adult intraosseous access using
the EZ-10 device. Ann Emerg Med 2007;50(3):S81-2

This abstract for a presentation at the 2007 American College of Emergency Physicians Research Forum describes an observational study
done at Boston Medical Center in which the Vidacare EZ-10 was used to provide emergency vascular access for 50 critically-ill adult
patients. Successful insertion was achieved in 92% of the patients; with 90% success on the first attempt. There was one immediate
complication—a dislodgement during transport. Investigators concluded that the device is a safe and feasible device for adult patients
requiring out-of-hospital vascular care.

Mathew N, McGinnis-Hainsworth D, Megargel R, Cleary A, O’Connor R. Trends in the usage of intraosseous access in the
prehospital setting. Prehosp Emerg Care 2007;11(1):130

In this study, presented at the NAEMSP 2007 annual meeting, authors compared the success rate of conventional 10 access with the EZ-
10 during 245 cases in the prehospital setting. They concluded that using EZ-IO® results in a statistically significant increase in IO success
rate, compared to conventional 10 methods.

Abstract

Myers BJ, Lewis R. Induced cooling by EMS (ICE): year one in Raleigh/Wake County. JEMS 2007;32:513-5

This article describes the experience of the Wake County (NC) EMS System in inducing hypothermia for patients with return of
spontaneous circulation after cardiac arrest. Authors describe their use of the Vidacare EZ-IO (now Arrow® EZ-10 Intraosseous Vascular
Access System) for the administration of chilled saline. In this report 56% of vascular access cooling was done utilizing the 10 device and
an additional 18 % utilized a combination of 10 and IV induced cooling. The overall EZ-IO use in this program for all insertions were 414
with an insertion success rate of 94%.

Stone MN, Teismann NA, Wang R. Ultrasonographic confirmation of intraosseous needle placement in an adult unembalmed
cadaver model. Ann Emerg Med 2007;49(4):515-9. doi:10.1016/j.annemergmed.2006.11.009

A cadaveric study evaluating the use of ultrasonography visualization of flow within the intraosseous space to confirm proper needle
placement. In a sample of 4 freshly frozen, unembaled cadavers with bilateral distal tibia IO access, ultrasonography accurately detected
the flow of crystalloids through the 10 space 100%.

Stouffer JA, Jui J, Acebo J, Hawks RW. The Portland 10 experience: results of an adult intraosseous infusion protocol. JEMS
2007;32:527-8

The article describes a prospective observational study conducted by several EMS agencies in Portland, OR to determine the safety,
efficacy and benefits of using the Vidacare EZ-10 in the prehospital environment. The 10 device was successfully placed in 95% of the 280
cases. In 98% of the cases, placement was made within six seconds.

Thomas RE, Crutcher R, Lorenzetti D. A systematic review of the methodological quality and outcomes of RCTs to teach medical
undergraduates surgical and emergency procedures. J Can Chir 2007;50(4):278-90

This paper presents a systematic review that assessed the quality of randomized controlled trials (RCTs) used in teaching undergraduate
medical students in Canada surgical and emergency skills. 19 RCTs were assessed, 2 of which involved intraosseous access.

Utkin EV. [Efficacy of intraosseous administration of antibiotics in the treatment of pelvic inflammatory disease in women].
Antibiot Khimioter 2007;52(7-8):37-40. Russian

Clinical study of intraosseous antibiotic administration in 87 women with acute pelvic inflammatory disease.
YEAR: 2006

Cataldi E, McGinni-Hainsworth D, Megargel R, Bollinger M, O’Connor R. A comparison of intraosseous and intravenous access in
adults and children in the prehospital setting. Prehosp Emerg Care 2006;10(1):124

An abstract describing a prehospital study comparing peripheral 1V to tibial 10 access for placement success, time to access and time to
drug delivery. The authors concluded that using 1O access on the first attempt results in faster drug administration than if IO access were
used as a rescue line after failed IV.
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Frascone RJ, Jensen J, Salzman J, Kaye K. EZ-IO: A field trial. Prehosp Emerg Care 2006;10(1):123-4

In this study, presented at the NAEMSP 2006 annual meeting, investigators reported the results of a study that evaluated the performance
of the EZ-IO® compared to an earlier evaluation of the Pyng F.A.S.T.1 system. There was a statistically significant higher success rate
using the EZ-IO® compared to Pyng system, and investigators concluded that the EZ-IO® appears to be a superior device with regard to
insertion success.

Guyette FX, Rittenberger JC, Platt T, Suffoletto B, Hostler D, Wang HE. Feasibility of basic emergency medical technicians to
perform selected advanced life support interventions. Prehosp Emerg Care 2006;10(4):518-21

Prospective observational study evaluating EMT-B ability to provide care in out-of-hospital cardiac arrests. Found that EMT-Bs were able to
place the EZ-10 with a 94% success rate. Median time to placement was 72 seconds.

YEAR: 2005

Curran A, Sen A. Bone injection gun placement of intraosseous needles. Emerg Med J 2005;22(5):366

A review of 129 cases comparing the BIG to standard 10 needles. Concludes that the BIG is equivalent to manually driven 10 needles in
effectiveness and likely faster than manual needles in achieving 10 access.

Davidoff J, Fowler R, Gordon D, Klein G, Kovar J, Lozano M, Potkya J, Racht E, Saussy J, Swanson E, Yamada R, Miller L.
Clinical evaluation of a novel intraosseous device for adults: prospective, 250-patient, multi-center trial. JEMS 2005;30(10):520-3
Observational study evaluating use of the EZ-10®. Found 97% success rate for insertion and infusion into the 10 space by paramedics,
nurses, physicians and other EMS personnel in using the device for emergency vascular access. No serious complications reported. This
study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Fiorito BA, Mirza F, Doran TM, et al. Intraosseous access in the setting of pediatric critical care transport. Ann Emerg Med
2005;46(5):475-6. d0i:10.1016/j.annemergmed.2005.09.011

This abstract describes a retrospective study evaluating use of 10 access during pediatric critical care transport. From January 1, 2000 to
March 31, 2002, 1.792 transports were performed and 47 patients received 58 IO catheter insertions. Insertion took a mean 1.2 attempts
for placement and first attempt success was 78%. Most frequently accessed site as the proximal humerus (95%) and access was
maintained for a mean 5.2 hours. The authors concluded EMT/paramedics, emergency physicians, and pediatric critical care transport
teams should be familiar with 10 placement.

Fiorito BA, Mirza F, Doran TM, Oberle AN, Cruz EC, Wendtland CL, Abd-Allah SA. Intraosseous access in the setting of pediatric
critical care transport. Pediatr Crit Care Med 2005;6(1):50-3

Retrospective chart review demonstrating safe and effiective |0 placement on pediatric patients by EMT-Ps, ED physicians, and members
of the transport team in the pediatric critical care transport environment.

Gillum L, Kovar J. Powered intraosseous access in the prehospital setting: MCHD EMS puts the EZ-IO to the test. JEMS
2005;30(10):524-6

Observational study of initial use of the EZ-IO® in 125 patients by EMS providers. Found 94% success rate for insertion and infusion into
the 10 space. No complications reported. This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Johnson DL, Findlay J, Macnab AJ, Susak L. Cadaver testing to validate design criteria of an adult intraosseous infusion system.
Mil Med 2005;170(3):251-7
Preclinical study of one 10 device (FAST-1) in cadavers. Design criteria were validated in that 75 out of 77 attempts were successful.

Miller DD, Guimond G, Hostler DP, Platt T, Wang HE. Feasibility of sternal intraosseous access by emergency medical technician
students. Prehosp Emerg Care 2005;9(1):73-8

Experimental study of the FAST-1 sternal 10 device, with 29 EMT-B’s with minimal training placing the device on mannequins. Authors
reported 16 of 29 EMT-B’s placed the device successfully on the first attempt and 27 of 29 on the fourth attempt.

Rodriguez Nunez A, Garcia C, Lopez-Herce Cid J; Grupo de Estudio de la Parada Cardiorrespiratoria en Pediatria. [Is high-dose
epinephrine justified in cardiorespiratory arrest in children?]. An Pediatr (Barc) 2005;62(2):113-6. Spanish

Multicenter, prospective study of cardiopulmonary resuscitation data over 18 months. The study was design to evaluate the impact of
survival of IV or IO high-dose epinephrine compared to standard doses in children with cardiorespiratory arrest. Limited conclusions
showed that there is no significant difference between the two treatments.
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Smith R, Davis N, Bouamra O, Lecky F. The utilisation of intraosseous infusion in the resuscitation of paediatric major trauma
patients. Injury 2005;36(9):1034-8

Retrospective study over a 14-year period examining 129 10 insertions among 23,489 pediatric trauma patients. Patients receiving |0 fluids
and medications tended to be younger and sicker. Concludes that 10 is an essential skill for anyone involved in pediatric trauma
resuscitation.

YEAR: 2004

Miller LJ, Morissette C. Vidaport-an advanced easy IO device. Prehosp Emerg Care 2004;8(1):110-1

Study compared the VidaPort (now EZ-IO®) and the Bone Injection Gun (B.l.G.). Of 32 cases for each device, insertion rates were 100%
for the VidaPort and 88% for the B.l.G. Average insertion times were 16 seconds for the Vidaport and 21 seconds for the B.1.G.

Vardi A, Berkenstadt H, Levin |, Bentencur A, Ziv A. Intraosseous vascular access in the treatment of chemical warfare casualties
assessed by advanced simulation: proposed alteration of treatment protocol. Anesth Analg 2004;98(6):1753-8

Evaluation of the BIG in a chemical warfare mass casualty scenario. Found 73.4% simulated survival in the 10 group and 3.3% in the
control group (no 10). Average treatment goals obtained in 3.5 minutes for 10 group and 10 minutes for control group. Concludes that IO
has great potential for early treatment of chemical.

YEAR: 2003

Claudet I, Baunin C, Laporte-Turpin E, Marcoux MO, Grouteau E, Cahuzac JP. Long-term effects on tibial growth after
intraosseous infusion: a prospective, radiographic analysis. Pediatr Emerg Care 2003;19(6):397-401

Prospective radiographic study of 23 children who had received intraosseous infusion via trocar. Found no long-term effect on tibial growth
with properly placed trocar.

Nusstein J, Kennedy S, Reader A, Beck M, Weaver J. Anesthetic efficacy of the supplemental x-tip intraosseous injection in
patients with irreversible pulpitis. J Endo 2003;29(11):724-8

Dental study finding successful injections of 2% lidocaine with epinephrine in 27 of 33 (82%) X-tip 10 injections (82%) for anesthesia in
mandibular teeth.

Ota FS, Yee LL, Garcia FJ, Grisham JE, Yamamoto LG. Which IO model best simulates the real thing? Pediatr Emerg Care
2003;19(6):393-6

Evaluation of IO models by 40 emergency and critical care physicians. Chicken, turkey bones and plastic 10 models received similar
scores, pork rib was rated poorly. Emphasizes that bone models should be age appropriate to the expected patient population when using
for IO research and training purposes.

YEAR: 2000

Abe KK, Blum GT, Yamamoto LG. Intraosseous is faster and easier than umbilical venous catheterization in newborn emergency
vascular access models. Am J Emerg Med 2000;18(2):126-9

Study comparing practitioner experience with 10 and umbilical vein catheterization with 42 medical students inexperienced in both
techniques. 10 was twice as fast as umbilical vein catheterization. Concludes that IO provides easy and rapid vascular access for clinicians
who do not regularly perform newborn resuscitation.

Foex BA. Discovery of the intraosseous route for fluid administration. J Accid Emerg Med 2000;17:136-7
Brief review of the discovery and evolution of IO access in emergency care.

Lavis M, Vaghela A, Tozer C. Adult intraosseous infusion in accident and emergency departments in the UK. J Accid Emerg Med
2000; 17: 29-32

Survey on current opinion and practice regarding 10 among 332 Accident and Emergency Departments. Found that 75% of respondents
were aware of 10 use in adult resuscitation.

Nijssen-Jordan C. Emergency department utilization and success rates for intraosseous infusion in pediatric resuscitations.
Canadian J Emerg Med 2000;2(1):10-4

A retrospective chart review that evaluated use of IO access in pediatric patient resuscitation in a tertiary emergency department between
1989 and 1995. Results showed |0 access was successfully established in 86% of patients. Median time to placement was 8 minutes; two
complications of bone fracture were reported in one 10-day-old neonate patient.
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Spriggs NM, White LJ, Martin SW, Brawley D, Chambers RM. Comparison of two intraosseous infusion techniques in an EMT
training program. Acad Emerg Med 2000;7:1168

Study comparing B.1.G. and Jamshidi 10 needle in an EMS training program. 38 EMT trainees performed the insertion. Time to placement
was 12 seconds for the B.1.G. and 17 seconds for the Jamshidi needle. There were no statistical differences in ease-of-use ratings between
the devices.

YEAR: 1999

Claudet I, Alberge C, Bloom MC, Fries F, Lelong-Tissier MC. [Intraosseous infusion in children]. Ann Fr Anesth Reanim
1999;18:313-8. French

A retrospective non-comparative study of 1O infusion in 41 children. Concludes that 10 insertion is an easy techniqgue. Recommends |O for
emergency cases when other vascular access techniques have failed in the first 5 minutes of treatment.

Abstract

Claudet I, Fries F, Bloom MC, Lelong-Tissier MC. [Retrospective study of 32 cases of intraosseous perfusion]. Arch Pediatr 1999;
6: 516-9. French

Retrospective study of 32 cases of 10 infusion over a 3 year period. Concludes that 10 is rapid, safe and effective and provides an essential
alternative vascular route in pediatric resuscitation.

Abstract

Daga SR, Gosavi DV, Verma B. Intraosseous access using butterfly needle. Trop Doct 1999;29(3):142-4

Evaluation of the utility of 18-gauge butterfly needles for IO administration of fluids and drugs in 23 children presenting in shock. 22 of 23
children were successfully stabilized after 10 infusion.

Abstract

Ellemunter H, Simma B, Trawoger R, Maurer H. Intraosseous lines in preterm and full term neonates. Arch Dis Child Fetal
Neonatal Ed 1999; 80: F74-5

Observational study in 27 newborns, describing 30 intraosseous lines placed after failed IV access. Reports that all patients survived the
resuscitation procedures with no long-term side effects.

YEAR: 1998

Nusstein J, Reader A, Nist R, Beck M, Meyers WJ. Anesthetic efficacy of the supplemental intraosseous injection of 2% lidocaine
with 1:100,000 epinephrine in irreversible pulpitis. J Endod 1998;24(7):487-91

This article describes a study to determine the anesthetic efficacy of a supplemental intraosseous injection of 2% lidocaine with 1:100,000
epinephrine in teeth diagnosed with irreversible pulpitis. Patients who did not achieve anesthesia with traditional nerve blocks were given
supplemental lidocaine using a Stabident IO injection. This technique was found to be 88% effective in gaining total pulpal anesthesia.

YEAR: 1997

Fiallos M, Kissoon N, Abdelmoneim T, et al. Fat embolism with the use of intraosseous infusion during cardiopulmonary
resuscitation. Am J Med Sci 1997;314(2):73-9

Preclinical study in 33 piglets of 1O infusion during CPR. Found no increase in fat embolism in IO group compared to controls group.

Fiser RT, Walker WM, Seibert JJ, McCarthy R, Fiser DH. Tibial length following intraosseous infusion: a prospective, radiographic
analysis. Pediatr Emerg Care 1997;13(3):186-8

Prospective blinded observational study in 10 subjects finding no difference in tibia length after 10 infusion compared to opposite tibia at > 1
year post IO infusion.

Reisman D, Reader A, Nist R, Beack M, Weaver J. Anesthetic efficacy of the supplemental intraosseous injection of 3%
mepivacaine in irreversible pulpitis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997;84(6):676-82

A dental study evaluating use of supplemental intraosseous injection of 3% mepivacaine in mandibular posterior teeth following application
of an alveolar nerve block. Results showed supplemental injections increased anesthetic effect and a second injection was sometimes
necessary.
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Replogle K, Reader A, Nist R, Beck M, Weaver J, Meyers WJ. Anesthetic efficacy of the intraosseous injection of 2% lidocaine
(1:100,000 epinephrine) and 3% mepivacaine in mandibular first molars. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1997;83(1):30-7

A dental study comparing the anesthetic effect of 2% lidocaine (1:100,000 epinephrine) and 3% mepivacaine when injected in the
mandibular first molars. The results showed the lidocaine to be more successful with a longer duration of pupal anesthesia than
mepivacaine.

Waisman M, Waisman D. Bone marrow infusion in adults. J Trauma 1997;42(2):288-93

Seminal study on the use of the B.I.G. in elective and emergency situations in 50 adult patients. Success rate for 10 insertion was 100%.
No complications were observed.

YEAR: 1996

Coggins R, Reader A, Nist R, Beck M, Meyers W.. Anesthetic efficacy of the intraosseous injection in maxillary and mandibular
teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1996;81(6):634-641. d0i:10.1016/s1079-2104(96)80067-9

This study’s objective was to determine the anesthetic efficacy of the intraosseous injection as a primary technique in human maxillary and
mandibular teeth. Forty subjects were enrolled and received 2 sets of intraosseous injections with 1.8ml of 2% lidocaine with 1:100,000
epinephrine on two different occasions. Authors concluded that in 75%-93% of non-inflamed teeth subjects, an intraosseous injection may
provide pupal anesthesia. Authors cautioned that the duration of the anesthesia declines over an hour.

Helm M, Breschinski W, Lampl L, Frey W, Bock KH. Intraosseous puncture in preclinical emergency medicine: Experiences of an
air rescue service. Anaesthesist 1996;45(12):1196-202

This abstract describes the restrospective study of a German rescue helicopter service and initial experience using intraosseous access in

their system. Ten cases presented in which 10 puncture of the proximal tibia was required. In all attempts access was established within 60
seconds without complication; in 2 cases general anesthesia was administered via IO access. Authors concluded that IO infusion is simple,
fast, and a safe alternative for emergent access.

Article in German

Shoemaker WC, Peitzman AB, Bellamy R, et al. Resuscitation from severe hemorrhage. Crit Care Med 1996;24(2S):12S-23S

Discusses research directions for resuscitation from trauma-induced acute hemorrhagic shock, particularly uncontrolled hemorrhagic shock,
with emphasis on fluid resuscitation.

YEAR: 1995

Strausbaugh SD, Manley LK, Hickey RW, Dietrich AM. Circumferential pressure as a rapid method to assess intraosseous needle
placement. Pediatr Emerg Care 1995;11:274-6

Preclinical study in dog tibias demonstrating that circumferential pressure about an 10 infusion site is a rapid method to detect incorrect
placement of the 10 needle.

YEAR: 1994

Anderson TE, Arthur K, Kleinman M, Drawbaugh R, Eitel DR, Ogden CS, Baker D. Intraosseous infusion: success of a
standardized regional training program for prehospital advanced life support providers. Ann Emerg Med 1994;23(1):52-5

Study of 10 training for advanced life support providers. Providers were able to establish 10 access in 13 of 15 (87%) of pediatric patients
(age range 1-24 months) following completion of an 1-hour training course and supervised hands-on simulation. All procedures were
performed in less than 10 minutes.

Banerjee S, Singhi SC, Singh S, Singh M. The intraosseous route is a suitable alternative to intravenous route for fluid
resuscitation in severely dehydrated children. Indian Pediatr 1994;31:1511-20

Study of 10 vs. IV for administering fluids for resuscitation in 60 children (age range 3-24 months) with severe dehydration. The 10 route
was successful in all cases within the first 5 minutes of attempt. The IV line could not be secured in 33% of patients within 5 minutes. Time
for successful IV access was 129 seconds, significantly longer than time t for 10 cannulation. Fluid infusion through either route was equally
effective in stabilizing vital signs and normalizing laboratory values. No significant complications of 10 route were noted on short-term follow-
up.

Losek JD, Szewczuga D, Glaeser PW. Improved prehospital pediatric ALS care after an EMT-paramedic clinical training course.
Am J Emerg Med 1994;12:429-32

Study demonstrating improved performance of pre-hospital endotracheal intubation and vascular access of younger children after
introduction of an EMT-P PALS clinical course.
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YEAR: 1993

Glaeser PW, Hellmich TR, Szewczuga D, Losek JD, Smith DS. Five-year experience in prehospital intraosseous infusions in
children and adults. Ann Emerg Med 1993;22(7):1119-24

Retrospective analysis of prehospital 10 infusion covering 165 attempts on 152 patients over a 5-year period, found a success rate of 73%,
with success rates significantly higher in younger children (<2 years old). EMT-Ps maintained proficiency in the technigue over time despite
infrequent use.

Guy J, Haley K, Zuspan SJ . Use of intraosseous infusion in the pediatric trauma patient. J Pediatr Surg 1993;28:158-6.1

Observational study finding 7 of 27 critically injured patients (ages 3mo-10y) successfully resuscitated using 10. Concluded that 10 is a
rapid, safe and simple method of obtaining short term vascular access in critically ill and injured children.

Kiaer T, Dahl B, Lausten GS. The relationship between inert gas wash-out and radioactive tracer microspheres in measurement of
bone blood flow: effect of decreased arterial supply venous congestion on bone blood flow in an animal model. J Orthop Res
1993;11(1):28-35

Preclinical study of bone perfusion in pigs demonstrating feasibility of inert gas wash-out procedure to study local perfusion rates.

Neufeld JD, Marx JA, Moore EE, Light Al. Comparison of intraosseous, central, and peripheral routes of crystalloid infusion for
resuscitation of hemorrhagic shock in a swine model. J Trauma 1993;34(3):422-8

Preclinical study finding 10 infusion to as effective as central and peripheral venous access for resuscitation with crystalloid infusion in an
animal model of hemorrhagic shock.

Ronning G, Busund R, Revhaug A. Resuscitation of pigs with haemorrhagic shock by an intraosseous hyperosmotic solution
and transfusion of autologous whole blood. Eur J Surg 1993;159(9):133-9

Preclinical study in 18 piglets finding significant improvement in hemodynamic variables after 10 infusion of hyperosmotic saline and 10
transfusion of whole blood in an animal model of hemorrhagic shock. Concludes that 10 infusion is easy to establish and holds utility for
treatment of shock victims.

Tighe SQ, Rudland SV, Kemp PM, Kershaw CR. Paediatric resuscitation in adverse circumstances: a comparison of three routes
of systemic access. J R Nav Med Ser 1993;79:75-9

Study comparing 3 vascular access routes for fluid administration: intravenous (6 patients), intraosseous (6 patients) and/or intraperitoneal
routes (4 patients). Concluded that IO and intraperitoneal routes allowed for severely dehydrated children to be resuscitated without
significant complications when |V access is difficult to establish.

abstract only

Warren DW, Kissoon N, Sommerauer JF, Rieder MJ. Comparison of fluid infusion rates among peripheral intravenous and
humerus, femur, malleolus, and tibial intraosseous sites in normovolemic and hypovolemic piglets. Ann Emerg Med
1993;22(2):183-6

Preclinical study comparing infusion rates of 10 access sites with IV access under normo- and hypovolemia. Found IV access was most
effective fro acute volume replacement. 10 sites differed in maximum flow rates achievable. The humerus had the greatest flow rate,
followed by the femur, malleolus and tibia. Concludes each IO access site is a viable site for short term vascular access.

Welch RD, Johnston CE, Waldron MJ, Poteet B. Bone changes associated with intraosseous hypertension in the caprine tibia. J
Bone Joint Surg Am 1993;75(1):53-60

Preclinical study in goats finding that intraosseous hypertension was associated with a significant increase in periosteal, endocortical, and
cancellous new bone formation compared to controls.

Welch RD, Johnston CE, Waldron MJ, Poteet B. Intraosseous infusion of prostaglandin E2 in the caprine tibia. J Orthop Res
1993;11(1):110-21

Preclinical study in goats examining IO administration of prostaglandin E2 into the proximal metaphysis of the tibia under normotensive and
hypertensive conditions within the intraosseous space. Hypertensive PGE2 infusion resulted in significantly more new bone formation.

YEAR: 1992

Dedrick DK, Mase C, Ranger W, Burney RE. The effects of intraosseous infusion on the growth plate in a nestling rabbit model.
Ann Emerg Med 1992;21(5):494-7

Preclinical study in nestling rabbits finding that 10 infusion of saline and bicarbonate intraosseous infusions did not damage the
metaphyseal growth plate but did cause loss of bone trabeculae that support the growth plate.
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Dubick MA, Pfeiffer JW, Clifford CB, Runyon DE, Kramer GC. Comparison of intraosseous and intravenous delivery of hypertonic
saline/dextran in anesthetized, euvolemic pigs. Ann Emerg Med 1992;21(5):498-503

Preclinical study in pigs comparing 10 and IV infusion of hypertonic saline/dextran. Found equivalence in entry of sodium and dextran to the
blood stream, plasma volume expansion, and increased cardiac output.

Jennings RW, Adzick NS, Longaker MT, Lorenz HP, Estes JM, Harrison MR. New techniques in fetal surgery. J Pediatr Surg
1992;27(10):1329-33

Preclinical study in sheep fetuses and human fetal cadavers finding that 10-derived blood gas parameters (pH, pCO2, and pO2) accurately
reflected peripheral venous values and that resuscitation drugs (sodium bicarbonate, glucose, calcium chloride, epinephrine) rapidly
entered the fetal circulation.

McClure SR, Welch RD, Johnson TL. Use of an implant for intraosseous infusion as supportive therapy for a Viethamese pot-
bellied pig with urethral obstruction caused by a polyp. J Am Vet Med Assoc 1992;201(10):1587-90

Veterinary case study finding that an |0 implant facilitated vascular access for hyperalimentation and drug therapy over a 72-hour period.

Okrasinski EB, Krahwinkel DJ, Sanders WL. Treatment of dogs in hemorrhagic shock by intraosseous infusion of hypertonic
saline and dextran. Vet Surg 1992;21(1):20-4

Preclinical study of hemorrhagic shock in dogs treated with 1O infusion of hypertonic saline/dextran finding that 10 infusion efficacious in the
treatment of hemorrhagic shock.

Spivey WH, Crespo SG, Fuhs LR, Schoffstall JIM. Plasma catecholamine levels after intraosseous epinephrine administration in a
cardiac arrest model. Ann Emerg Med 1992;21(2):127-31

Preclinical study of cardiac arrest in 18 pigs finding 10 epinephrine is rapidly transported to the central circulation. Recommends larger
doses to produce a significant change in blood pressure.

YEAR: 1991

Chavez-Negrete A, Majluf Cruz S, Frati Munari A, Perches A, Arguero R. Treatment of hemorrhagic shock with intraosseous or
intravenous infusion of hypertonic saline dextran solution. Eur Surg Res 1991;23(2):123-9

Clinical study comparing efficacy of IV or 10 infusion of 7.5% NaCl/6% dextran compared to Ringer’s lactate in 49 shock patients finding
either that sternal 10 or IV infusion of 7.5% NaCl/6% dextran is an effective initial treatment of hemorrhagic shock.

Fuchs S, LaCovey D, Paris P. A prehospital model of intraosseous infusion. Ann Emerg Med 1991;20(4):371-4

Comparison of 10 administration in 3 simulated EMS settings: at the scene, in ambulance in steady traffic on curvy road, in ambulance at
fast speed in stop and go traffic. Found that 12 EMS participants were successful in establishing 10 infusions, with 84.8% of infusions
achieved in less than one minute in all settings.

Pollack CV Jr, Pender ES. Intraosseous administration of digoxin: same-dose comparison with intravenous administration in the
dog model. J Miss State Med Assoc 1991;32(9):335-8

Preclinical study in dogs finding that IO infusion of digoxin results in similar plasma concentrations of the drug as IV infusion.

Abstract only

Pollack CV, Pender ES, Woodall BN, Parks, BR. Intraosseous adminstration of antibiotics: Same-dose comparison with
intravenous administration in the weanling pig. Ann Emerg Med 1991;20(7):772-6

A pre-clinical study comparing IV and 10 blood serum levels of antibiotics: ceftriaxone, cefotaxime, ampicillin and gentamicin in weanling
pigs. Blood levels were compared at 15, 30, 45, 60 and 90 minutes and each animal served as their own control. Results showed that IO
levels were initially lower than IV levels though the difference became indistinguishable after 30 minutes. Ceftriaxone levels however
remained lower throughout the 90 minute sample period. The authors concluded that standard |V doses may be administered
intraosseously though further study may suggest higher doses of ceftriaxone may be more beneficial.

YEAR: 1990

Brickman K, Rega P, Choo M, Guinness M. Comparison of serum phenobarbital levels after single versus multiple attempts at
intraosseous infusion. Ann Emerg Med 1990;19(1):31-3

Preclinical study in 24 dogs finding that a single |10 attempt is preferable to multiple attempts to maintain adequate serum levels of
Phenobarbital following 10 infusion.
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Orlowski JP, Gallagher JM, Porembka DT. Endotracheal epinephrine is unreliable. Resuscitation 1990;19(2):103-13

Preclinical study of the pharmacokinetics of emergency medications in a canine model of shock. Found that endotracheal administration
was unreliable, while 10 administration was comparable to central and peripheral venous administration.

Orlowski JP, Porembka DT, Gallagher JM, Lockrem JD, VanLente F. Comparison study of intraosseous, central intravenous, and
peripheral intravenous infusions of emergency drugs. Am J Dis Child 1990;144(1):112-7

Preclinical study comparing the pharmacokinetics of 6 emergency medications in dogs. Found that 10 administration resulted in similar
physiologic effect and/or serum drug levels as central and peripheral venous administration.

YEAR: 1989

Cameron JL, Fontanarosa PB, Passalagua AM. A comparative study of peripheral to central circulation delivery times between
intraosseous and intravenous injection using a radionuclide technique in normovolemic and hypovolemic canines. J Emerg Med
1989;7(2):123-7

Preclinical study demonstrating comparable central circulation transit times with 1O and 1V infusion of a radionuclide tracer.

Jaimovich DG, Shabino CL, Ringer TV, Peters GR. Comparison of intraosseous and intravenous routes of anticonvulsant
administration in a porcine model. Ann Emerg Med 1989;18(8):842-6

A pre-clinical study evaluating resultant serum levels when administering phenobarbital and phenytoin via intraosseous infusion as
compared to IV administration in domestic swine. Results showed that current IV dosing of phenobarbital 20 mg/kg obtains and maintains
therapeutic serum levels when given 10; Phenytoin 15 mg/kg does not maintain therapeutic levels and cannot be recommended for 10
administration.

Kramer GC, Walsh JC, Hands RD, Perron PR, Gunther RA, Mertens S, Holcroft JW, Blaisdell FW. Resuscitation of hemorrhage
with intraosseous infusion of hypertonic saline/dextran. Braz J Med Biol Res 1989;22(2):283-6

Preclinical study in sheep finding no significant differences between IO and IV infusion of hypertonic saline/Dextran.

Lathers CM, Jim KF, Spivey WH. A comparison of intraosseous and intravenous routes of administration for antiseizure agents.
Epilepsia 1989;30(4):472-9
Preclinical study in pigs finding equivalence in physiologic response between IO an IV administration of antiepileptic drugs.

Orlowski JP, Porembka DT, Gallagher JM, Van Lente F. The bone marrow as a source of laboratory studies. Ann Emerg Med
1989;18(12):1348-51

This article describes a pre-clinical study comparing bone marrow, venous blood, and arterial blood specimen results when used for blood
electrolytes, blood chemistries, blood gases and hemoglobin; and a clinical evaluation of bone marrow and venous blood used for cultures.

Seigler RS, Tecklenburg FW, Shealy R. Prehospital intraosseous infusion by emergency medical services personnel: a
prospective study. Pediatrics 1989;84:173-7

Prospective study finding EMS personnel able to successfully establish 10 access in 16 of 17 pediatric patients with cardiopulmonary
arrest. Observed 13 successful infusions within 1 minute on first attempts at 10 access. No significant complications.

Zimmerman JJ, Coyne M, Logsdon M. Implementation of intraosseous infusion technique by aero medical transport programs. J
Trauma 1989;29:687-9

Observational study finding nearly 70% of aeromedical transport programs do not use 10 infusion. Concludes IO to be grossly under-
utilized. Calls for further consideration.

YEAR: 1988

Brunette DD, Fischer R. Intravascular access in pediatric cardiac arrest. Am J Emerg Med 1988;6(6):577-9

Retrospective chart review of 33 pediatric patients finding 83% success in establishing 10 infusion. 10 and percutaneous peripheral
catheterization were the quickest methods for vascular access. Observed no major and minimal delayed complications.

Glaeser PW, Losek JD, Nelson DB, Bonadio WA, Smith DS, Walsh-Kelly C, Hennes H. Pediatric intraosseous infusions: impact on
vascular access time. Am J Emerg Med 1988;6:330-2

Retrospective chart review over a 1-year period finding 10 reduced vascular access time in patients with cardiac arrest when standard
techniques failed.
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Jim KF, Lathers CM, Spivey WH, Matthews WD, Kahn C, Dolce K. Suppression of pentylenetetrazol-elicited seizure activity by
intraosseous propranolol in pigs. J Clin Pharmacol 1988;28(12):1106-11

Preclinical study in pigs demonstrating suppression of seizures with both 10 and IV administered propanolol. Both IO an IV propanolol
reduced basal heart rate by a 32-38% and reduced the transient increase in mean arterial pressure (MAP) elicited by pentylenetetrazol with
no effect on the basal MAP.

Neish SR, Macon MG, Moore JW, Graeber GM. Intraosseous infusion of hypertonic glucose and dopamine. Am J Dis Child
1988;142(8):878-80
Preclinical study finding 10 infusion of hypertonic glucose and dopamine to be as effective as IV administration.

Saavedra J, Patterson H, Kramer G. Intraosseous injection of hypertonic saline dextran: anatomic considerations in man and
sheep. Circ Shock 1988;24:283

Anatomical study. Found that 10 infusion into the sternum provides direct vascular access via the thoracic veins. Concludes that 10 infusion
of hypertonic saline dextran may provide paramedics and emergency room physicians with a more rapid and effective method of vascular
access and volume expansion than conventional resuscitation regimens.

YEAR: 1987

Brickman KR, Rega P, Guinness M. A comparative study of intraosseous versus peripheral intravenous infusion of diazepam and
phenobarbital in dogs. Ann Emerg Med 1987;16(10):1141-4

Preclinical study finding comparable serum drug levels with 10 and IV administration.
YEAR: 1985

Spivey WH, Lathers CM, Malone DR, et al.. Comparison of intraosseous, central, and peripheral routes of sodium bicarbonate
administration during CPR in pigs. Ann Emerg Med 1985;14(12):1135-40

Preclinical study in pigs examining blood pH during CPR with sodium bicarbonate administered via different vascular access routes. Found
that pH pf blood obtained via central venous access and intraosseous access were significantly different from the peripheral group, and that
all three groups were significantly different form the control. Pathology studies showed only minor damage to bone with 1O sodium
bicarbonate administration.

YEAR: 1982

Hedley DW, Joshua DE, Tattersall MH, Taylor IW. Fine-needle aspiration of bone marrow from sternum. Lancet 1982;2:415-16
Study finding that 23-gauge needle is less painful and yields purer bone marrow sample from the sternum.

YEAR: 1977

Valdes MM. Intraosseous fluid administration in emergencies. Lancet 1977;1(8024):1235-6

Observational study of 15 patients needing emergency fluids and in whom IV’s were difficult to establish. Patients received drugs and fluids
via 10. Concludes that 10 therapy is effective with no serious complications.

YEAR: 1956

Bennike T, Gormsen H, Moller B. Comparative studies of bone marrow punctures of the sternum, the iliac crest, and the spinous
process. Acta Med Scand 1956;155(5):377-96

Study finding sternal puncture superior to iliac crest and spinous process punctures for bone marrow sampling. Cautions that inexperienced
practitioners should use iliac crest or spinal process in the absence of training in sternal puncture.

YEAR: 1950

Massey LW. Bone-marrow infusions: intratibial and intravenous routes compared. Br Med J 1950;2(4672):197-8
Early review of 10 infusion citing complication rate of osteomyelitis (approximately 1 in 150 cases).

YEAR: 1947

Elston JT, Jaynes RV, Kaump DH, Irwin WA. Intraosseous infusions in infants. Am J of Clinical Path 1947;17(2):143-50

Early article on 10 puncture and infusion, emphasizing technique. Concludes their technique is safer and more effective than previously
described techniques.
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Heinild S, Sondergaard T, Tudvad F. Bone marrow infusion in childhood: Experiences from a thousand infusions. J of Pediatrics 21
1947; 30: 400-11

Early study on 10. Makes strong distinction between ordinary blood transfusion or infusion of isotonic solutions (generally safe) and
continuous infusion or the infusion of hypertonic solutions. The latter carries considerable risk of osteomyelitis and subsequent disturbance
in growth of the bone.

YEAR: 1945

Gunz FW, Dean RFA. Tibial bone-marrow transfusions in infants. Br Med J 1945;1(4389):220-1 800
Abstract describes experience in one institution using tibial 10 access to replace fluids, mostly due to dehydration.

11/9/2019 Page 41 of 41















Intraosseous Vascular Access Bibliography
Complications

YEAR: 2019

Sampson CS. Extravasation from a misplaced intraosseous catheter. Clin Pract Cases Emerg Med 2019;3(3):303-4 1068

A 75-year old female presented by EMS to the Emergency Department (ED) after a ventricular fibrillation cardiac arrest. EMS defibrillated
the patient and placed a right proximal tibial EZIO intraosseous (I0) catheter which multiple medications (epinephrine, magnesium,
amiodarone, and calcium chloride) were administered; and she had return of spontaneous circulation prior to ED arrival. The 10 catheter
wasn't patent upon arrival in the ED and was removed. The patient was discharged on day four with ecchymosis near the insertion

site. Three weeks post discharge the patient presented with tissue necrosis in an area surrounding the initial proximal tibial IO insertion site.
The patient’s leg was debrided and grafting was performed; the author reported "good healing" three months post-event.

Sgrgjerd R, Sunde GA, Heltne JK. Comparison of two different intraosseous access methods in a physician-staffed helicopter 1062
emergency medical service - A quality assurance study. Scand J Trauma Resusc Emerg Med 2019;27(1):15 doi: 10.1186/s13049-
019-0594-6

This study compared 10 insertions with the EZ-1O device (tibial/humeral insertions) to the FAST-R device (sternal insertions only) in a
physician-staffed helicopter emergency medical service. Insertion time, insertion site, flow, indication for 10 access, and complications were
compared. Median insertion time was 15 seconds for EZ-10 and 20 seconds for FAST-R. Overall, 35.1% of EZ-10 insertions resulted in
poor flow and required a pressure bag while 85.7% of FAST-R insertions had good or very good flow. EZ-IO complications included
extravasation (2.4%), aspiration failure (11.9%), and insertion time >30 seconds (4.8%). Complications associated with FAST-R included
user failure (12.5%) and insertion time >30 seconds (12.5%). The authors suggest that although EZ-10 is faster the FAST-R device may be
more useful when high-flow infusion rates are required. The authors indicate that a low number of insertions were made with the FAST-R
device and many outliers were observed in the data. However, the article does not present the total number of insertions per device.

YEAR: 2018

Abramson TM, Alreshaid L, Kang T, Mailhot T, Omer T. FasclOtomy: Ultrasound evaluation of an intraosseous needle causing 1041
compartment syndrome. Clin Pract Cases Emerg Med 2018;2(4):323-25

This case review describes a complication of compartment syndrome post IO placement in a 64 year old male initially unresponsive and
hypoglycemic. Approximately 15 minutes post-ED arrival compartment syndrome signs were noted and confirmed with compartment
pressures. An ultrasound confirmed lack of flow from the 10 needle and x-ray showed the needle set to be inserted 2 mm beyond the
posterior tibial cortex. Patient was taken to surgery for fasciotomy and four compartment release with subsequent return of pulses.
*(Correspondence by the manufacturer 12-2018 with lead author confirmed the tibial placement was lateral and the patient had a full
functional recovery).

Chalopin T, Lemaignen A, Guillon A, et al. Acute tibial osteomyelitis caused by intraosseous access during initial resuscitation: a 1047
case report and literature review. BMC Infectious Diseases 2018;18(1):665. doi: 10.1186/s12879-018-3577-8

This report from France reports a case of tibial osteomyelitis in a 40 year old male that was diagnosed by MRI and biopsy three months
post-intraosseous (I0) catheter removal. The patient was given parenteral as well as oral antibiotics and had a good outcome. The initial IO
catheter placement was for treatment of overdose after failed IV attempts. The catheter was removed on the first day and the patient was
treated with oral antibiotics due to local inflammation at the insertion site. He left against medical advice before a full treatment course was
completed.

Molacek J, Houdek K, Opatrny V, et al. Serious complications of intraosseous access during infant resuscitation. Eur J Pediatr 1057
Surg Rep 2018;6:e59-e62

This case reports a serious compartment syndrome in a 2.5 year old infant which resulted in a left leg partial amputation. The 10 device

was placed to administer treatment following a respiratory arrest and extravasated.

Reic C, Fogg T, Healy G. Deformation of a humeral intraosseous catheter due to positioning for thoracostomy. Clin Exp Emerg 1013
Med 2018;5(3):208-9

This article describes a complication of a deformed EZ-10 catheter which was noted following removal of the catheter in an adult patient.

The catheter had been placed by a helicopter emergency medical service team following a motor vehicle accident. The cause of the

catheter bending was most likely the result of arm positioning for thoracostomy. No difficulties in removing the catheter were noted and it

appeared to have been functioning effectively.

Simsek P, Bayram SB, Gursoy A. llag uygulamalari igin farkl bir yol: 1061
Intraossedz ulasim ve infiizyon [A different route for drug administration: Intraosseous access and infusion]. HEAD 2018;15(1):40-

44. doi: 10.5222/HEAD2018.040. Turkish

This is an article published in a Turkish nursing journal and written in Turkish. From the abstract, the 10 route is described as an alternative

approach to vascular access when venous access via a peripheral catheter cannot be obtained quickly. Complications of 10 access and

how to prevent them using nursing interventions are discussed. EZ-10 is discussed in the article.
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Suominen PK, Nurmi E, Lauerma K. Intraosseous access in neonates and infants: risk of severe complications- a case report.
Acta Anaesthesiologica Scandinavica 2015;59(10):1389-93. doi: 10.1111/aas.12602

This case study describes a neonate who suffered a cardiac arrest, had return of spontaneous circulation (ROSC) and was treated with
multiple medications and therapeutic hypothermia. The patient had received three 10 needle insertions, one in the left tibia that was
removed following swelling with bolus injection; one in the left distal femur that dislodged with movement of the patient's legs; and one in
the right proximal tibia. Twenty-four hours after initial 10 needle placement the child developed pallor and discoloration and was diagnosed
with compartment syndrome to the right lower extremity. Five days post-10 insertion a below the knee amputation was performed.
Medications infused via the 10 access included epinephrine and norepinephrine infusions.

YEAR: 2014

Barlow B, Kuhn K. Orthopedic management of complications of using IO catheters. Am J Orthop 2014;43(4):186-90

Literature search for complications associated with IO access included 5759 patients with overall complication rate of 2.1 %. Two cases
involving retained needle fragment discussed; one with a proximal tibial EZ-10 that required surgical removal. Authors concluded 10
catheters are reliable tools for fluid and drug delivery to critically ill patients with low complication rates (which can be potentially serious but
managed).

Danz M, Schulz G, Hinkelbein J, Braunecker S. Breaking the needle: A rare complication on EZ-10 removal. Eur J Anaesthesiol
2014;31:172-80

This letter to the editor describes a single case of a needle breaking off after a proximal tibial insertion of the EZ-10 into a volunteer (one of
the letter's authors) during a training session. "Divergent from manufacturer instructions the sterile steel stylet was put back into place to
achieve better grip for a manual pull-out. Under steady pull in strict axial alignment and gentle clockwise turn, the needle broke away from
the plastic connector”. The needle was extracted using combination pliers and there is no evidence of damage to the leg. Authors
acknowledge this can be avoided by adherence to manufacturer’s directions for use.

Germany

Fowler RL, Lippmann MJ. Benefits vs risks of intraosseous vascular access. Patient Safety Network
Https://psnet.ahrg.gov/iwebmm/case/331 Published July-August 2014. Accessed August 6, 2018

This is a discussion of a case study involving a hospitalized woman who had an 10 line placed during a code after becoming unresponsive.
Several unsuccessful attempts at peripheral venous access were made prior to 10 access. The patient was diagnosed 3 hours later with
compartment syndrome due to extravasation that required complex ongoing care in the ICU for 2 months.

Oesterlie GE, Petersen KK, Knudsen L, Henriksen TB. Crural amputation of a newborn as a consequence of intraosseous needle
insertion and calcium infusion. Ped Emerg Care 2014,30(6):413-4

Case study of newborn girl resuscitated with 15 mm EZ-10 catheter placed to her right proximal tibia. Medications given included
antibiotics, "fluids" and calcium. Demarcation of the infants skin was noted immediately post-calcium administration; with progression to
necrosis. Trans-tibial amputation was performed 1.5 months after initial 10 access. Authors concluded calcium extravasation most likely
caused the injury but were unable to identify extravasation cause; citing possible needle displacement. Cautionary steps to reduce risk
emphasized by authors.

Denmark

Vassallo J, Horne S, Smith JE. Intraosseous access in the military operational setting. J R Nav Med Serv 2014;100(1):36-9

This article describes a prospective, observational study conducted March — July 2011 at the emergency department, Camp Bastion,
Afghanistan evaluating use of |10 access in 117 patients established using the EZ-10 and the FAST1 devices (76% EZ-10).

YEAR: 2013

Cook LS. Infusion-related air embolism. J Infus Nurs 2013;36(1):26-36. Doi: 10.1097/NAN.0Ob013e318279a804

This article looks at various methods of vascular access including venous, arterial and intraosseous access and their potential to result in
air embolism.

d’Heurle A, Archdeacon MT. Compartment syndrome after intraosseous infusion associated with a fracture of the tibia. The
Journal of Bone and Joint Surgery, Incorporated Case Connect 2013;3(1):€20. http://dx.doi.org/10.2106/JBJS.CC.L.00231

Case study of adult multi-trauma patient that had an intraosseous device placed to a fractured left tibia and developed compartment
syndrome. Authors concede it is unclear if the fluid infused through the 10 device caused the compartment syndrome or if it was due to the
multiple-fractures in the tibia. Authors advise against placing an IO line in an injured limb and mention the proximal humerus and sternum
as alternative 10 sites.
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Dolister M, Miller S, Borron S, et al. Intraosseous vascular access is safe, effective and costs less than central venous catheters 583
for patients in the hospital setting. J Vasc Access 2013;14(3):216-24. doi:10.5301/jva.5000130

An observational clinical study evaluating use of the EZ-1O in patients requiring urgent vascular access that would have otherwise received

a central venous catheter due to a lack of other options. One hundred five (105) patients were enrolled across five hospitals. The authors

concluded that use of 10 access in place of CVCs provides time savings, safety, ease of use, and is effective at significant cost savings; 10

access may be used as a bridge to CVC placement under optimal conditions; and 1O access may be used to replace use of CVCs all

together in selective patients. This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Fetissof H, Nadaud J, Landy C, Millot |, Paris R, Plancade D. Amines on intraosseous vascular access: A case of skin necrosis. 644
Ann Fr Anesth Reanim 2013;32(5):e89-90.http://dx.doi.org/10.1016/j.annfar.2013.02.022

A letter to the editor reporting a case study of skin necrosis after 10 administration of norepinephrene following resuscitation of a 74 years

old in septic shock. The EZ-IO was placed to the proximal tibia; approximately 45 minutes post- norepinephrine administration symptoms of

necrosis were evident.

Authors cite 3 hypotheses for the cause of necrosis and consider that amines’ high level concentration could induce local toxicity in the

bone matrix and artery spasm; suggesting it is necessary to define an upper limit of amines’ concentration that should be administered

through 10 vascular access.

Hallas P, Brabrand M, Folkestad L. Complication with intraosseous access: Scandinavian users' experience. West J Emerg Med 669
2013;14(5):440-3. doi:10.5811/westjem.2013.1.1200

A questionnaire study in which Scandinavian emergency physicians, anesthesiologist and pediatricians reported complications they have
experienced with 10 vascular access based on recollection alone. Complications were reported related to establishing IO access and using
established 10 access. Out of 1,802 IO cases reported by 386 responders, the most frequently reported complications included difficulty
with periosteum penetration and bone marrow aspiration when establishing 10 access; and slow infusion and needle displacement with
established 10 access. Osteomyelitis and compartment syndrome were reported with an occurrence of 0.4% and 0.6%. Researchers
concluded that potential complications following 10 insertion should be addressed during training. Devices discussed included the EZ-10,
BIG, Cook-Surfast, and other unidentified 10 devices

Denmar

Lewis GC, Crapo SA, William JG. Critical skills and procedures in emergency medicine- vascular access skills and procedures. 631
Emerg Med Clin N Am 2013;31(1):59-86. doi: 10.1016/j.emc.2012.09.006

This article provides an overview of various vascular access modalities in emergency medicine including peripheral IV, venous cut-down,

central venous catheter, intraosseous access, umbilical vessel access, and arterial access. The anatomy and physiology, indications and
contraindications, procedure steps and special considerations are outlined for each access methods discussed.

Oksan D, Ayfer K. Powered intraosseos device (EZ-I0) for critically ill patients. Indian Pediatr 2013;50(7):689-91 685
A retrospective chart review evaluating use of the EZ-10 in 25 pediatric patients between July 2008 and August 2010 at a Turkish university

affiliated hospital. All attempts were made in the proximal tibia and 10 access was attempted following failed PIV access within 60 seconds.

First attempt success was 80%; the most reported complication was simple extravasation (3 cases) and needle dislodgement (1 case).

Turkey

Plancade D, Millot |, Fetissof H, et al.. Sternal perforation with an intraosseous device and hemomediastinum infusion Ann Fr 616
Anesth Reanim 2013;http://dx.doi.org/10.1016/j.annfar.2013.01.009

A 45-year-old woman in hemorrhagic shock with multiple injuries to the limbs, secondary to a war wound, received sternal IO access using
the Jamshidi trocar (not specifically intended for sternal use). After initiating a blood transfusion through the 10 line a contrast CT scan
revealed sternal perforation and hemomediastinum, secondary to the transfusion, as well as drainage into the left pleural cavity. The
catheter was removed, right thoracic drainage was performed, and the patient was released from ICU 48 hours later. The authors conclude
this case report demonstrates the difficulty in selecting emergency insertion sites and the necessity of choosing an appropriate 10 catheter.

Plancade D, Ruttimann M, Wagnon G, et al.. La perfusion intraosseuse chez I’adulte. Annales Francaises d’Anesthesie et de 617
Reanimation 2013;http://dx.doi.org/10/1016/j.annfar.2013.02.024. French

This article in French gives an overview of intraosseous vascular access including the physiology of 10 infusion, insertion sites, indications,

and complications. Available 10 devices on the market are described including, time to insertion, success rate and cost.

Torres A, Banister N, Fernandez M, Cox K, Fletcher J. Appropriateness and complications of intraosseous needle placements 792
during pediatric transports. Crit Care Med 2013;41(12):abstract 215

A quality initiative study conducted evaluating use of the EZ-10 needles in pediatric patients and their associated complications rates when

placed by EMS/ED staff compared Air Evac Lifeteam placement in 2012. The authors concluded that the powered 10 device was

appropriately utilized by ED/EMS staff as well as Air Evac staff and that there was no difference in the complication rate when the device

was used by the two groups.
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YEAR: 2012

Cote C, Dumont M, Gagnon JA. Abnormal bone scanning following intraosseous access. Medecine Nucleaire 2012;
doi:101016/j.mednuc.2012.02.175

This case study describes a 12 month boy who received 10 access for administration of anticonvulsant therapy. Three days post 10 infusion
sensitivity to the leg was noted and the child returned to the ED. Blood work showed elevated white blood counts and C-reactive protein. A
bone scan showed a small round lucency at the site of 10 access. Two weeks later, x-rays were normal. The authors suggest that IO
access may cause an increased uptake on bone scan in absence of osteomyelitis.

Helm M, Goller R, Hackenbroch C, Hossfeld B. A complication of the use of an intra-osseous needle. Emerg Med J 2012;29:923.
doi: 10.1136/emermed-2011-200139

This is a case report of needle sheering associated with the use of the FAST-1 intraosseous infusion system. A soldier successfully placed
a FAST-1 needle in the sternum of a healthy volunteer soldier during a training session. Upon completion of the training session, the soldier
was unable to remove the needle. The retained needle was later removed surgically at a field hospital.

Lairet JR, Bebarta V, Mathis D, et al. Comparison of intraosseous infusion rates of blood under high pressure in an adult
hypovolemic swine model in three different limb sites. Ann Emerg Med 2012;60(4S):S75

This pre-clinical study sought to compare the flow rates of blood administered through an 10 needle in the proximal tibia, distal femur and
the proximal humerus in an adult hypovolemic swine at an infusion pressure greater than 300 mmHg. Investigators also evaluated the
presence of fat emboli in the lungs. Results showed that the mean rate of 10 infusion of blood through the swine humerus (103 mL/min)
was greater than the femur (49 mL/min) and tibia (78 mL/min); fat emboli were detected in the lungs of most animals (tibia: 14.14;
humerus: 10/11; femur: 8/14).

Lammers R, Byrwa M, Fales W. Root causes of errors in a simulated prehospital pediatric emergency. Acad Emerg Med
2012;19(1):37-47. doi: 10.1111/j.1553-2712.2011.01252.x

This simulation study evaluated the ability of 2 person EMS crews to manage a pediatric emergency and sought to determine root causes
of errors made. Participating EMS crews used the BIG for 10 access. The authors concluded that cognitive, procedural, affective, teamwork
errors and error-producing conditions were identified as root causes for the errors made in the simulation. Authors also concluded that
simulation followed by facilitated debriefing is an effective tool for identifying underlying causes of active and latent errors.

Landy C, Plancade D, Gagnon N, Schaeffer E, Nadaud J, Favier JC. Complication of intraosseous administration of systemic
fibrinolysis for a massive pulmonary embolism with cardiac arrest. Resuscitation 2012;83(6):e149-50. doi:
10.1016/j.resuscitation.2012.01.044

This letter to the editor describes a case in which a 53-year-old male in ventricular fibrillation received 10 access via the EZ-10 in the ED
with suspected massive pulmonary embolism. The patient was successfully resuscitated. Necrosis of the anteromedial side of the leg, at
the 10 site, presented 48 hrs post 10 use. After 18 weeks the patient underwent surgical grafting. The authors linked the necrosis to
adrenaline extravasation and local ischaemia. While the authors conclude that thrombolysis or repeated high doses of adrenaline should be
given via the 10 route when needed, it is not without the risk of complication.

Miller LJ, Montez DF, Puga TA, Philbeck TE. Intraosseous vascular access in the 21st century: improvements further reduce
complication rates. Ann Emerg Med 2012;60(4S):S112

This abstract presented at the 2012 ACEP Research Forum discusses a literature review of intraosseous access publications since 1985
providing an updated safety profile for 10 access. The search resulted in 192 articles describing 10 access with 6 cases of osteomyelitis
and 6 cases of compartment syndrome secondary to extravasation reported. Of the 192 articles identified, 140 described the EZ-10. This
study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Paxton JH. Intraosseous vascular access: A review. Trauma 2012;14(3):195-232. DOI:10.1177/1460408611430175

An overview of 10 vascular access including a review of currently available literature. The author discusses various 10 devices available
and their performance metrics, 10 access sites, flow rates, advantages and disadvantages of 10 access compared to conventional access
methods, complications and recommendations on use of the approach. The author concludes that while 10 access may not be appropriate
for all patients, it deserves a place in the modern provider's armamentarium.

Rogers J, Fox M. The safety of intraosseous vascular access. Emergency Medicine Patient Safety Foundation Forum. Fall
2012:18-21

An article discussing the technique and safety profile of intraosseous access using the EZ-10 device. Needle selection, contraindications,
insertion sites and techniques, catheter stabilization and removal are all discussed along with the safety profile of the EZ-10 against other
10 devices and central venous catheters. The authors concluded that IO access should be considered whenever immediate vascular
access is required. This article was co-written by an employee of Vidacare Corporation, acquired by Teleflex Incorporated.
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Rogers JJ, Fox M, Miller LJ, Philbeck TE. Safety of intraosseous vascular access in the 21st century. J Vasc Access 2012;13:19A
This abstract presented at the 2nd World Congress on Vascular Access 2012 describes the results of an analysis of published 10
complications since 1985. The safety profile of the EZ-10 is also discussed in this abstract. The authors conclude that new devices and
techniques have resulted in an approved 10 safety profile. This study was sponsored by Vidacare Corporation, acquired by Teleflex
Incorporated.

Rose EC. The evidence-based use of intraosseous lines in pediatric patients. Pediatr Emerg Med Pract 2012;9(6):1-12.
www.edmedicine.net

This article presents a general overview of intraosseous (10) vascular access in the pediatric population through an 10 literature review.
Available 10 devices were discussed.

Severyn FA. Complication after intraosseous needle removal following successful systemic thrombolysis for a massive
pulmonary embolism. Resuscitation 2012;83(11):e207. doi:10.1016/j.resuscitation.2012.07.014

This letter to the editor is written in response to the case report by Landy titled, Complication of intraosseous administration of systemic
thrombolysis for a massive pulmonary embolism with cardiac arrest. The author suggests that the tissue necrosis described by Landy may
have been due to the removal of the 10 needle while there was still significant fibrinolytic activity at the needle insertion site. The author
suggests a change in medical care after return of spontaneous circulation (ROSC) in patients following thrombolytic administration through
10 access to convert the functioning IO line to a non-flowing saline lock. The EZ-IO was used to provide 10 access in the case report by
Landy.

YEAR: 2011

Auerhammer J. [Lebensbedrohliche arterielle blutung aus der a. carotis communis: Fallstricke bei der intraossaren punktion].
Notfall Rettungsmedizin 2011;14(2)147-150;doi 10.1007/s10049-010-1380-1. German

This article in German presents a case of a 67-year-old female patient with an arterial bleed and venous access difficulties in whom 10
access was attempted unsuccessfully two times using two different IO systems. The author concluded that |10 success is dependent upon
10 anatomy and physiology knowledge as well as knowledge of the device being used.

Byars DV, Tsuchitani SN, Erwin E, Anglemyer B, Eastman J. Evaluation of success rate and access time for an adult sternal
intraosseous device deployed in the prehospital setting. Prehosp Disaster Med 2011;26(2):127-9

A prospective study evaluating use of the FAST-1 sternal 10 device in critically ill or injured patients in cardiac arrest in the pre-hospital
setting. In one year, 41 insertion attempts were performed using the FAST-1. Thirty (73%) of attempts were successful and the mean time
to placement was 67 seconds from time of opening the packaging to ability to aspirate/infuse without infiltration. Of the 11 insertion failures,
7 were due to failure of the device to deploy; 2 infiltrations after insertion; 1 inability to aspirate; and 1 failure of the catheter to deploy
though the needles were inserted.

Carreras-Gonzalez E, Brio-Sanagustin S, Guimera |, Crespo C. [Complicacion de la via intraosea en un neonate]. Med Intensiva
2011;d0i:10.1016/j.medin.2011.05.004. Spanish

This article in Spanish describes an 10 complication case in which a newborn infant developed tissue necrosis as a result of extravasation
during 1O infusion.

Cotte J, Prunet B, d'Aranda E, Asencio Y, Kaiser E. [A compartment syndrome secondary to intraosseous infusion]. Ann Fr
Anesth Reanim 2011;30(1):90-1. doi: 10.1016/j.annfar.2010.05.038. French

A case study report in French describing compartment syndrome secondary to intraosseous infusion in a 57-year-old burn patient. 10
access was established in the proximal tibia on second attempt; both attempts were made in the same limb though it was noted that the
first attempt did not penetrate the cortex. Drug and fluid infusion was initiated; ten hours later the limb was found to appear ischemic. The
10 catheter was removed and compartment release was performed. The author concluded that 10 access remains an important mode of
vascular access and that adherence to contraindications and careful clinical monitoring should decrease risk of complications.

France

Cullen PM. Intraosseous cannulation in children. Paediatric Critical Care 2011;13(1):28-30

This article presented a general overview of 10 use in pediatrics. The history, techniques, anatomy and physiology, complications and a
short discussion of most devices on the market, including the EZ-10, were discussed.

UK
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Dolister M, Miller ST, Borron S, Truemper E, Shah MR. Intraosseous vascular access can be used safely

and effectively, and at a lower cost than central venous catheters, for pediatric and adult patients in

the hospital setting. Ann Emerg Med 2011;58(4S):S311

This abstract describes the interim results of an observational clinical trial evaluating use of the EZ-10 to establish venous access in
patients that would typically receive a central line due to lack of other options. At interim analysis, 50 patients had been enrolled in the
study. First attempt 10 access success rate was 96%; mean time to 10 access was 95.1 seconds. The authors concluded that 10 access in
place of or as a bridge to central venous catheters is safe, fast, and effective for adult and pediatric patients in the hospital setting with
substantial cost savings potential. This research was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.

Hansen M, Meckler G, Spiro D, Newgard C. Intraosseous line use, complications, and outcomes among a population-based
cohort of children presenting to California hospitals. Pediatr Emerg Care 2011;27(10):928-32

This retrospective cohort study evaluated data from 450 California hospitals and emergency departments to determine the rate of 10
access use and related complications in the pediatric population from 2005-2007. Results showed 291 children had IO access placed in 90
hospitals out of 6.6 million pediatric ED visits and 2.2 million pediatric admissions; no complications were identified. The most frequent
diagnosis related to 10 use was cardiac arrest (34%).

Harcke T, Crawley G, Ritter B, Mazuchowski E. Feedback to the field: an assessment of sternal intraosseous (lO) infusion. J Spec
Oper Med 2011;11(1):23-6

This article summarizes the case-based observations made by the Armed Forces Medical Examiner System on soldiers killed in action/died
of wounds who had evidence of sternal intraosseous access. The Pyng Fast-1 is noted in the article as the sternal IO device most widely
distributed by the department of defense (DOD); the EZ-10 is listed as another device that may be seen in emergency care facilities within
the DOD. Of 98 cases, 78 (80%) showed proper placement; 20% were unsuccessful. It should be noted that the article incorrectly states
that the EZ-10 using the powered driver is indicated for sternal placement.

Henson NL, Payan JM, Terk MR. Tibial subacute osteomyelitis with intraosseous abscess: an unusual complication of
intraosseous infusion. Skeletal Radiol 2010;40(2):239-42. doi:10.1007/s00256-010-1027-9

This report describes the case of a 62-year-old man who received emergency tibial 10 infusion without complication in the pre-hospital
setting and presented to the ED 6 months later complaining of shin pain. MRI and culture findings were diagnostic of subacute
osteomyelitis with 10 abscess. The patient had a history of multiple chronic health problems including diabetes type Il, MGUS, and positive
MRSA colonization dating back two years prior. The authors concluded that the occurrence of osteomyelitis with 10 abscess may increase
as a result of increased pre-hospital use of 10 infusion in adult patients with multiple comorbidities.

Khan LAK, Anakwe RE, Murray A, Godwin Y. A severe complication following intraosseous infusion used during resuscitation of
a child. Inj Extra 2011;d0i:10.1016/j.injury.2011.05.015

This article describes the case of an 11-year-old boy who suffered compartment syndrome of the lower leg following use of the EZ-10 for
resuscitation and 24 hours of intraosseous infusion of adrenaline, calcium and potassium. The author concluded that further work is needed
to develop recommendations for maximum duration, dose, volume and rates for intraosseous infusion.

Nagler J, Krauss B. Intraosseous catheter placement in children. NEJM 2011;364(8):e14-8

This article provides an overview of intraosseous vascular access for pediatrics and discusses general indications, contraindications,
complications, and intraosseous devices.

Reades R, Studneck J, Garrett J, Vandeventer S, Blackwell T. Comparison of first-attempt success between tibial and humeral
intraosseous insertions during out-of-hospital cardiac arrest. Prehosp Emerg Care 2011;15(2):278-81.
doi:10.3109/10903127.2010.545479

This article describes a pre-hospital clinical study comparing IO first-attempt success between humeral and tibial sites. Of 88 cardiac arrest
patients analyzed, 58 and 30 10 access attempts were made in the tibia and humerus, respectively. Of those, there was a 90% first attempt
success rate for the tibia, compared to 60% for the humerus. Of successful insertions, 6% of tibial insertions became displaced during
transport, compared to 33% of humeral insertions. Investigators concluded that proximal tibial IO needle placement was associated with a
significantly higher frequency of first-attempt success and lower incidence of needle dislodgements compared to humeral placements.

Reece A, Cohn A. Safety of power driven devices for intraosseous access in infants. BMJ 2011;343:d4362.d0i:10.1136/bmj.d4362
This letter to the editor is regarding the relative safety of using power driven |0 devices in infants. Three cases of amputation secondary to
compartment syndrome in children under 2 years of age are referenced. The author expressed concern with the weight designations for 10
needles stating some of the needles intended for pediatric patients may actually be too long for smaller children and that manually inserted
devices may be safer in younger children.

Schexnayder SM, Storm EA, Stroud MD, et al. Chapter 15-Pediatric vascular access and centeses. Pediatric Critical Care
2011;4th ed:139-63. ISBN: 978-0-323-07307-3

This document addresses pediatric vascular access and includes an overview of intraosseous vascular access. Indications,
contraindications, supplies and equipment, technique, complications and maintenance are discussed.
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Taylor CC. Amputation and intraosseous access in infants. BMJ 2011;342:d2778. doi:10.1136/bm;j.d2778

This article describes two cases of leg amputation after intraosseous infusion in a 5-month-old girl and a 17-month-old boy. The author
concluded that fluid extravasation, exacerbated by tibial fracture and needle dislodgement during transportation, caused limb ischemia in
these two patients, and that adherence to the principles of careful needle placement, splinting/securing the catheter and limb, limited length
of infusion and repeated monitoring of the limb will help avoid this devastating complication.

Waltzman ML. Amputation and intraosseous access in infants-Intraosseous access: It’s the operator and not the device. BMJ
2011; http://www.bmj.com/rapid-response/2011/11/03/intraossesous-access-its-operator-and-not-device

This article is a response to the Taylor and Clarke 2011 report of two amputations required following development of compartment
syndrome after 10 infusion. The author notes that complications are possible with all methods of establishing IO access including manual,
spring loaded and power driven needles and that it is not accurate to directly relate the adverse events to the power driven device only.

Wechselberger G, Radauer W, Schimpl G, et al. Lower limb salvage in a 7-month-old infant using free tissue transfer. J Ped Surg.
2011;46:1852-4. D0i:10.1016/j.jpedsurg.2011.06.037

A 7-month-old male infant in septic shock from Neisseria meningitides experienced a complication of bilateral extravasation of noradrenalin
at the proximal tibia intraosseous infusion site resulting in severe soft tissue necrosis. Necrosectomy was performed bilaterally and surgical
interventions were successfully performed to salvage both limbs. At 19 months the patient was able to crawl without extension deficit.

YEAR: 2010

Bukoski A, Winter M, Bandt C, Wilson M, Shih A. Comparison of three intraosseous access techniques in cats. J Vet Emerg Crit
Care 2010;20(4):393-7.d0i:10.1111/j.1476-4431.2010.00558.x

This veterinary study evaluated 3 10 access devices, impact driven, automatic rotary, and manual, to compare the placement feasibility and
amount of bone trauma induced when used in adult feline cadavers. Seventy-two IO insertion locations were used, the 3 devices were
equally randomized to the insertion site. The rotary device was found to have shorter time to insertion and better ease of insertion. No
statistically significant differences between number of bone fragments, defect diameter, or success rate were found between devices.

Dasgupta S, Playfor S. Intraosseous fluid resuscitation in meningococcal disease and lower limb injury. Pediatr Rep
2010;2(1):e5:18-9

Authors reviewed two complications (extravasation and compartment syndrome) associated with 10 access in children with meningococcal
disease. Authors concluded that IO systems need formal evaluation to assess safety and complication profiles.

Fenwick R. Intraosseous approach to vascular access in adult resuscitation. Emerg Nurse 2010;18(4):22-5

This article reviews intraosseous vascular access and its increased use in adult resuscitation. The |10 route is described, including
indications, contraindications, insertion sites and devices.

Larson SD, Hebra A, Raju R, Lee S. Vascular access, surgical treatment. http://emedicine.medscape.com/article/1018395.
Updated January 25, 2010

This article describes the vascular access options available to physicians caring for children, including details about each method,
placement technique, indication, and complications.

LeMaster CH, Schuur JD, Pandya D, et al. Infection and natural history of emergency department-placed central venous
catheters. Ann Emerg Med 2010;56(5):492-7.d0i:10.1016/j.annemergmed.2010.05.033

A retrospective chart review in an urban emergency department (ED) was performed to identify central venous catheters placed in the ED
and determine the bloodstream infection and duration of catheterization within a one year period. A total of 656 patients (3,622 catheter-
days) with CVCs placed in the ED were identified, with 7 bloodstream infections. The mean duration of catheterization was 5.5 days. Within
the infected CVC group, the mean duration of catheterization was 8.6 days

Lima R, Navarro L, Cesani F, et al. Repeated doses of adriamycin may be safely

delivered through the intraosseous route in different bones in swine. Blood 2010:116(21):4344. Accessed May 25, 2017. Retrieved
from http://www.bloodjournal.org/

content/116/21/4344

This abstract describes a follow-up swine study to an earlier study done using concentrated doses of Adriamycin over 72 days in which
bone complications occurred. Investigators studied different drug administration regimens that might be used to prevent complications.
After the study was completed authors concluded that 10 delivery of lower dose and diluted concentrations of Adriamycin was determined
to be safer and resulted in less tissue abnormality when compared with higher dose/higher concentration; and use of the 10 route with
rotation of sites may be a feasible option for Adriamycin or other vesicant delivery.
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Luck RP, Haines C, Mull CC. Intraosseous access. J Emerg Med 2010;39(4):468-75. doi:10.1016/j.jemermed.2009.04.054

This article provides an overview of intraosseous vascular access and discusses general indications, contraindications, complications, and
intraosseous devices.

Miller L, Philbeck T, Montez D, Puga T. Volunteer studies of pain management during intraosseous infusion. Ann Emerg Med
2010;56(3):S141

This abstract presented at the 2010 ACEP Research Forum describes a study designed to compare Lidocaine’s effect on pain during fluid
infusion through the tibial and humeral 10 routes. Authors concluded that, for adequate |0 infusion rates with minimal and tolerable pain,
40mg of preservative-free Lidocaine may be needed; followed by a rapid normal saline syringe flush of at least 10mL and another 20mg of
Lidocaine. Additional dosing and flushing may be required. For less overall pain due to 10 infusion, and greater infusion flow rates, the
proximal humerus should be strongly considered, using a longer 10 needleset. This research was sponsored by Vidacare Corporation,
acquired by Teleflex Incorporated.

Navarro K. Intraosseous infusion. Texas EMS Magazine 2010;Nov/Dec:34-9

This article provides a brief history of 10 infusion and further discusses this vascular access technique in terms of anatomy and physiology,
indications and contraindications, performing the manual procedure, and possible complications. A case study is discussed in which a 7-
month-old male was treated under emergency circumstances with 1O infusion in the lower limb and developed compartment syndrome,
resulting in a below the knee amputation.

Phillips L, Brown L, Campbell T, Miller J, Proehl J, Youngberg B. Recommendations for the use of intraosseous vascular access
for emergent and nonemergent situations in various healthcare settings: a consensus paper. J Emerg Nurs 2010;36(6):551-6.
doi:10.1016/j.jen.2010.09.001

This article discusses use of 10 access within the hospital setting in the emergent and non-emergent patient populations. The history of 10
access, clinical situations in which 10 access may be considered, devices, contraindications, and complications are discussed. Additionally,
pain management, economics, education and training and risk management are explored. This article is co-published in Journal of Infusion
Nursing, the Journal of Pediatric Nursing, and Critical Care Nurse and was produced by the Consortium on Intraosseous Vascular Access
in Healthcare Practice.

YEAR: 2009

Fenton P, Bali N, Sargeant I, Jeffrey SLA. A complication of the use of an intra-osseous needle. J R Army Med Corps
2010;155(2):110-1

This case report describes a complication of use of a sternal 10 device (FAST-1, Pyng Medical Corporation, Richmond, Canada) in a 21-
year-old soldier who suffered multiple soft tissue fragmentation injuries, in which the needle tip broke in situ. The author concluded the
complication resulted from the 10 needle being placed when the patient was lying in a lateral position with the skin over the manubrium
displaced from the midline.

Nutbeam T, Fergusson A. Intraosseous access in osteogenesis imperfecta (I0 in Ol). Resuscitation 2009;80(12):1442-3.
doi:10.1016/j.resuscitation.2009.08.016

This article describes a case in which 10 access, using the EZ-10, was attempted in a patient with osteogenesis imperfecta. In each of 3
attempts, the needle became loose immediately after 10 insertion. The author acknowledged that during emergencies it is difficult to assess
and consider every possible contraindication for every intervention; and that IO access using the EZ-IO is the author’s choice for
emergency vascular access when peripheral access is difficult or has failed.

YEAR: 2008

Atanda A Jr, Statter MB. Compartment syndrome of the leg after intraosseous infusion: guidelines for prevention, early detection,
and treatment. Am J Orthop 2008;37:E198-200

This article discusses the importance of proper technique, attention to detail, and serial monitoring of limb involved when using 10 vascular
access to avoid potential compartment syndrome and other complications. The author reports the case of a 2-year-old boy who suffered
compartment syndrome of the lower limb following use of 10 infusion for resuscitation. Early detection of and response to changes in the
affected limb resulted in the patient’'s successful recovery

Fowler RL, Pierce A, Nazeer S, Philbeck TE, Miller LJ. 1,199 case series: Powered intraosseous insertion provides safe and
effective vascular access for emergency patients. Ann Emerg Med 2008;52(4):S152

Large retrospective study of patients for whom emergency vascular access was obtained using the Vidacare EZ-10 intraosseous system.
Insertion success was 92% and within 10 seconds for 84% of the one-attempt successful cases. Complication rate was low (4.8%), none
were serious, and extravasation was the most frequent (0.8%). The device was rated easy to use 72% of the time, and researchers
concluded that the powered 1O device is safe and effective for achieving vascular access in the resuscitation and stabilization of emergency
patients. This study was sponsored by Vidacare Corporation, acquired by Teleflex Incorporated.
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Langley DM, Moran M. Intraosseous needles: They’re not just for kids anymore. J Emerg Nurs 2008; 34:318-9 370

Case reports in which intraosseous (I0) vascular access was successfully used on adults. Summarizes indications for use, complications,
and precautions/considerations.

Moen TC, Sarwark JF. Compartment syndrome following intraosseous infusion. Orthopedics 2008; 31: 815 411
Case report of compartment syndrome in a 6-year old girl after 10 infusion during cardiac arrest.

van Rijn RR, Knoester H, Maes A, van der Wal AC, Kubat B. Cerebral arterial air embolism in a child after intraosseous infusion. 410
Emerg Radiol 2008;15:259-62. doi:10.1007/s10140-007-0681-2

In this case study a 7-month-old female with comorbidities was taken to the ED in cardiopulmonary arrest. 10 access was the only vascular
access method available for resuscitation. Post mortem CT of the head showed a considerable amount of air within the aterial circulation;
the cause of death was listed as undetermined. The authors conclude that considering the details of the patient, the only logical explanation
for the cerebral arterial air embolism is that air was introduced into the bloodstream via the 10 route.

YEAR: 2007

Hillewig E, Aghayev E, Jackowski C, Christe A, Plattner T, Thali MJ. Gas embolism following intraosseous medication application 530
proven by post-mortem multislice computed tomography and autopsy. Resuscitation 2007;72:149-53

This case study describes a 4-month-old boy that was found unresponsive. Resuscitation was started and continued through arrival to the
ED; 10 access at the proximal tibia was established using a 15 gauge aspiration needle as the only vascular access. Post mortem
multislice CT examination showed gas in the hepatic veins, the right atrium, right ventricle, the upper pole of the right kidney and the
cerebral vessels. Though air embolism was ruled out as the cause this death, it could have caused death in another case. The authors
conclude that gas may have entered the body during resuscitation due to 10 needle disconnections and that resuscitation with an inserted,
disconnected |0 needle should be avoided.

YEAR: 2006

Buck ML. Intraosseous adminstration of drugs in infants and children. Pediatr Pharm 2006;12(12) 367

Overview article of 10 vascular access describes technique, efficacy in medication delivery, utility in pediatric emergencies, use in
neonates, complications, and commonly-infused medications.

YEAR: 2005

Helm M, Gries A, Fischer S, Hauke J, Lampl L. Invasive techniques in emergency medicine. lll. Intraosseous puncture--an 330
alternative vascular access in paediatric emergencies. Anaesthesist 2005;54(1):49-56

Review article on 10 vascular access in the pediatric patient. Advises that it is not necessary to adjust doses from IV doses, except for
hypertonic solutions. Recommends that 10 needle be replaced by an IV within 2 hours to avoid complications.

Abstract only. Article in German
YEAR: 2004

Dogan A, Irmak H, Harman M, Ceylan A, Akpinar F, Tosun N. Tibial osteomyelitis following intraosseous infusion: a case report. 324
Acta Orthop Traumatol Turc 2004; 38:357-60

Case report of acute osteomyelitis developing 10 days alter 10 infusion in a 5-month-old infant admitted for sepsis.

Farrow A, Morrison R, Pickersgill T, Currie R, Hammersley N. Transient femoral neuropathy after harvest of bone from the iliac 319
crest. Br J Oral Maxillofac Surg 2004; 42: 572-4

Case report of a 31-year old developing left femoral mononeuropathy after bupivacaine is infused for postoperative analgesia into the iliac
wound.

Schwartz SB, Kleid DM. Fictitious fracture after infusion of intravenous contrast material via an intraosseous needle. Pediatr 388
Emerg Care 2004;20:829-31

Case report of misdiagnosis of a bone fracture as a result of 10 infusion of radiographic contrast material in the involved extremity.
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YEAR: 2003

Bowley DM, Loveland J, Pitcher GJ. Tibial fracture as a complication of intraosseous infusion during pediatric resuscitation. J
Trauma 2003; 55: 786-7

Case report of 10 infusion complicated by iatrogenic fracture at the 10 insertion site. Concludes that multiple attempts to achieve |0 access
weakened the bone cortex and that "considerable force" applied by an anxious 100-kg emergency room doctor led to the fracture.

Carillo A, Lopez-Herce J. [Canalizacion intradsea]. An Pediatr Contin 2003;1(1):38-41. Spanish
This article in Spanish discusses general IO principles.

Claudet I, Baunin C, Laporte-Turpin E, Marcoux MO, Grouteau E, Cahuzac JP. Long-term effects on tibial growth after
intraosseous infusion: a prospective, radiographic analysis. Pediatr Emerg Care 2003;19(6):397-401

Prospective radiographic study of 23 children who had received intraosseous infusion via trocar. Found no long-term effect on tibial growth
with properly placed trocar.

Gluckman, W, Forti RJ. Intraosseous cannulation. www.emedicine.com/ped/topic2557.htm Last Updated: Jan 14, 2003
Web article discusses IO cannulation procedure insertion sites, pathophysiology, risks, contraindications and complications.

Launay F, Paut O, Katchburian M, Bourelle S, Jouve JL, Bollini G. Leg amputation after intraosseous infusion in a 7-month-old
infant: a case report. J Trauma 2003; 55(4):788-90

Case report of a 7-month-old infant who developed severe compartment syndrome associated with popliteal arterial thrombosis following 10
fluid infusion resulting in limb amputation.

YEAR: 2002

Alam HB, Punzalan CM, Koustova E, Bowyer MW, Rhee P. Hypertonic saline: intraosseous infusion causes myonecrosis in a
dehydrated swine model of uncontrolled hemorrhagic shock. J Trauma 2002;52(1):18-25

10 infusion of 7.5% hypertonic saline in this model was associated with a high rate of local complications (soft tissue or bone marrow
necrosis).

Harty MP, Kao SC. Intraosseous vascular access defect: fracture mimic in the skeletal survey for child abuse. Pediatr Radiol
2002;32(3):188-90

Case report emphasizing that a cortical lesion in the proximal tibia corresponding to the site of 10 insertion should not be mistaken for a
radiographic sign of child abuse.

Stoll E, Golej J, Burda G, Hermon M, Boigner H, Trittenwein G. Osteomyelitis at the injection site of adrenalin through an
intraosseous needle in a 3-month-old infant. Resuscitation 2002;53(3):315-8

Case report of a 3-month-old infant developing osteomyelitis after IO administration of high-dose epinephrine. Speculates that
administration of adrenalin in high concentrations may promote the development of osteomyelitis.

YEAR: 2001

Byrick RJ. Pulmonary fat embolism and intraosseous infusion. Pediatr Crit Care Med 2001;2(2):184-5

Review advocating that pathological evidence of a few pulmonary fat emboli should not deter clinicians from using IO because of the many
advantages of the technique.

Hasan MY, Kissoon N, Khan TM, Saldajeno V, Goldstein J, Murphy SP. Intraosseous infusion and pulmonary fat embolism.
Pediatr Crit Care Med 2001;2(2):133-8

Article implying that the risk of fat emboli is common with 10, but its clinical relevance is unclear.

Hubble MW, Trigg DC. Training prehospital personnel in saphenous vein cutdown and adult intraosseous access techniques.
Prehosp Emerg Care 2001;5(2):181-9

Study in EMS personnel comparing saphenous vein cutdown to 10 access (B.I.G.) in the adult patient. Times to fluid flow were 7.6 minutes
for saphenous cutdown and 3.9 minutes for IO. Investigators conclude that use of the B.l.G. was more rapid and successful with fewer
complications than saphenous vein cutdown.
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Orgiler Uranga PE, Navarro Arnedo JM, De Haro Marin S. [The intraosseal route. When the veins have disappeared]. Enferm
Intensiva 2001;12(1):31-40. Spanish

Literature review on intraosseous administration of drugs during pediatric emergencies. Concludes that 10 is a valid alternative route for
infusion of drugs and other substances into the blood stream with a low complication rate.

YEAR: 2000

Nijssen-Jordan C. Emergency department utilization and success rates for intraosseous infusion in pediatric resuscitations.
Canadian J Emerg Med 2000;2(1):10-4

A retrospective chart review that evaluated use of 10 access in pediatric patient resuscitation in a tertiary emergency department between
1989 and 1995. Results showed |0 access was successfully established in 86% of patients. Median time to placement was 8 minutes; two
complications of bone fracture were reported in one 10-day-old neonate patient.

Canada

Vreede E, Bulatovic A, Rosseel P, Lassalle X. Intraosseous infusion. Update in Anesthesia 2000;12 (Article 10):1.
http://rcpals.com/downloads/2007files/may/pals/Intraosseousinfusion.html

Brief overview of IO infusion for an anesthesiology audience. Discusses technique, indications, contraindications, equipment, anatomical
target sites and potential complications.

YEAR: 1997

Fiallos M, Kissoon N, Abdelmoneim T, et al. Fat embolism with the use of intraosseous infusion during cardiopulmonary
resuscitation. Am J Med Sci 1997;314(2):73-9

Preclinical study in 33 piglets of 10 infusion during CPR. Found no increase in fat embolism in 10 group compared to controls group.
YEAR: 1996

Brickman KR, Rega P, Schoolfield L, Harkins K, Weisbrode SE, Reynolds G. Investigation of bone developmental and
histopathologic changes from intraosseous infusion. Ann Emerg Med 1996;28(4):430-5

Preclinical study in pigs examining developmental and histopathologic changes in bone following 10 infusion and effect of osmolality and
infusion speed. Found that infusion osmolality and speed was not related to physiologic or histologic changes in the bone marrow or in
complication.

Gunal |, Kose N, Gurer D. Compartment syndrome after intraosseous infusion: an experimental study in dogs. J Pediatr Surg
1996;31(11);1491-3

Preclinical study finding no compartment syndrome with up to 350 ml of 10 fluid infusion; however, radio-opaque dye was detected in the
soft tissues with compartment pressures increasing to more than 35 mmHg. Calls for a dose and time independent scale for safe
intraosseous infusion.

Moller JC, Tegtmeyer FK, Schaible TF, Sussmane JB. [Intraosseous puncture as vascular access in pediatric emergency and
intensive care medicine]. Anaesthesiol Reanim 1996;21(4);103-7. German. Abstract

Article describing 10 infusion 18 pediatric resuscitative situations. Authors conclude that 11 patients would not have survived without 10
access. Complications included a minor fracture, 1 case of compartment syndrome that did not require surgical intervention and a minor fat
embolism that was of no clinical significance.

Wolff AA. Trial of an intraosseous infusion case. Trial Diplomacy Journal 1996;19:113-7

This article describes a malpractice case from the perspective of the prosecution regarding permanent drop foot suffered by a pediatric
patient following extravasation from an IO line in the proximal tibia.

YEAR: 1995

Erb T, Hampl KF, Frei FJ. An unusual complication of intra-osseous infusion during paediatric resuscitation. Anaesthesia
1995;50(5):471
Case report describing extravasation of fluids through a previous 10 puncture site in the same tibia.

Moller JC, Reiss |, Schaible T. Vascular access in neonates and infants--indications, routes, techniques and devices,
complications. Intensive Care World 1995;12(2):48-53

Suggests that intraosseous infusion is reliable alternative to peripheral vein access for rapid infusion of fluids in neonates and infants when
venous access is impossible.
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Plewa MC, King RW, Fenn-Buderer N, Gretzinger K, Renuart D, Cruz R. Hematologic safety of intraosseous blood transfusion in a
swine model of pediatric hemorrhagic hypovolemia. Acad Emerg Med 1995;2(9):799-809

Preclinical study examining hematologic parameters (hemoglobin, schistocytes, free hemoglobin in plasma, bilirubin, lactate
dehydrogenase, platelets, fibrinogen, and alveolar-arteriolar O2 gradient) with IO and IV autologous blood transfusions. Found that all
hematologic parameters remained within normal limits in both IO and IV groups. Concludes IO blood transfusions to be hematologically
safe, i.e. without risk of appreciable hemolysis, DIC or fat embolism syndrome.

Strausbaugh SD, Manley LK, Hickey RW, Dietrich AM. Circumferential pressure as a rapid method to assess intraosseous needle
placement. Pediatr Emerg Care 1995;11:274-6

Preclinical study in dog tibias demonstrating that circumferential pressure about an 10 infusion site is a rapid method to detect incorrect
placement of the 10 needle.

YEAR: 1994

Barron BJ, Tran HD, Lamki LM. Scintigraphic findings of osteomyelitis after intraosseous infusion in a child. Clin Nucl Med 1994;
19: 307-8

Case report of unilateral tibial osteomyelitis in a 20-month-old child following bilateral IO infusion. Reviews clinical indications, potential
complications, and scan findings.

Gayle M, Kissoon N. A case of compartment syndrome following intraosseous infusions. Pediatr Emerg Care 1994;10:378
Case report of compartment systems following improper intraosseous infusion technique.

Katz DS, Wojtowycz AR. Tibial fracture: a complication of intraosseous infusion. Am J Emerg Med 1994; 12: 258-9
Long bone fractures should be considered a potential, although rare, complication of intraosseous infusion in children.

Melker RJ, Miller GJ, Gearen PH, Molliter L. A novel intraosseous needle. Ann Emerg Med 1994;23(4):923

This abstract describes clinical use of the SurFast Cook Critical Care 10 needle. Thirty-two 10 insertion attempts were made, 87.5% were
successful on first attempt. Average time to insertion was less than one minute; flow rate for infants and children was 1-2 mL/kg/min; flow
rate for adults was 150-200 mL/min. There were two reports of minimal extravasation

Orlowski JP. Emergency alternatives to intravenous access. Intraosseous, intratracheal, sublingual, and other-site drug
administration. Pediatr Clin North Am 1994;41(6):1183-99

Seminal article describing alternatives to intravenous cannulation including intraosseous access, intratracheal drug administration,
sublingual and intralingual injection, intra-penile administration, and intracardiac injection. Concludes that the intraosseous method is an
effective alternative to intravenous access in emergency situations.

Review

Rosovsky M, FitzPatrick M, Goldfarb CR, Finestone H. Bilateral osteomyelitis due to intraosseous infusion: case report and
review of the English-language literature. Pediatr Radiol 1994;24:72-3

Case report of bilateral osteomyelitis secondary to intraosseous infusion.
Review

Sheridan RL, Tompkins RG, McManus WF, Pruitt BA Jr. Intracompartmental sepsis in burn patients. J Trauma 1994; 36: 301-5

Retrospective multi-center review of 1171 burned patients identifying 5 patients developing intracompartmental sepsis presenting with fever
and swelling on clinical examination. Contributing factors may have included high volume resuscitation, delayed escharotomy, extravasated
intraosseous infusion, cannulation related arterial injury, and splinting or positioning difficulties.

Simmons CM, Johnson NE, Perkin RM, van Stralen D. Intraosseous extravasation complication reports. Ann Emerg Med
1994;23(2):363-6

Case reports of 2 children with severe complications of 10 infusions. One child developed severe tissue necrosis after 10 placement. A
second child developed compartment syndrome requiring fasciotomy.

Wright R, Reynolds SL, Nachtsheim B. Compartment syndrome secondary to prolonged intraosseous infusion. Pediatr Emerg
Care 1994;10:157-9

Case report of compartment syndrome after prolonged intraosseous infusion (53 hours). Recommends that IO lines be used only
temporarily until more permanent vascular access is established.

Review
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YEAR: 1993

Bielski RJ, Bassett GS, Fideler B, Tolo VT. Intraosseous infusions: effects on the immature physis--an experimental model in
rabbits. J Pediatr Orthop 1993;13:511-5

Preclnical study in 20 immature rabbits receiving 10 infusion of saline, bicarbonate, or dopamine solutions into the tibia. Found no changes
in bone growth or ephyseal injury related to 10 infusion.

Burke T, Kehl DK. Intraosseous infusion in infants. Case report of a complication. J Bone Joint Surg Am 1993; 75: 428-9

Case report of a 4-month-old infant developing compartment syndrome after IO infusion. The patient underwent a fasciotomy and had full
and normal use of the leg at the 6 month follow up visit.

Golenz MR, Carlson GP, Madigan JE, Craychee T. Preliminary report: the development of an intraosseous infusion technique for
neonatal foals. J Vet Intern Med 1993; 7:377-82

Preclinical study of 10 infusion in 6 foals. Local soft tissue swelling and periosteal reactions observed immediately following the procedure
resolved by 2 months.

Platt SL, Notterman DA, Winchester P. Fungal osteomyelitis and sepsis from intraosseous infusion. Pediatr Emerg Care
1993;9:149-50

Case report of fungal osteomyelitis following 10 infusion in a child. Cautions that physicians consider both bacterial and fungal sources for
infection.

Ribeiro JA, Price CT, Knapp DR Jr. Compartment syndrome of the lower extremity after intraosseous infusion of fluid. A report of
two cases. J Bone Joint Surg Am 1993;75A(3):430-3

This article presented two case studies in which pediatric patients received emergency IO infusions that ultimately resulted in compartment
syndrome. In both cases the patients underwent a four-compartment fasciotomy and recovered without deficit. The authors conclude that
though compartment syndrome is a risk of 10 infusion, insertion of an 10 line in emergency situations is a valuable technique.

Vidal R, Kissoon N, Gayle M. Compartment syndrome following intraosseous infusion. Pediatrics 1993;91:1201-2

Case report outlining precautions to prevent compartment syndrome following 10 infusion. Advocates early recognition and aggressive
treatment to preserve function in the affected limb.

YEAR: 1991

Christensen DW, Vernon DD, Banner W Jr, Dean JM. Skin necrosis complicating intraosseous infusion. Pediatr Emerg Care
1991;7:289-90

Case reports of 2 patients with local skin necrosis complicating 10 infusion.

Galpin RD, Kronick JB, Willis RB, Frewen TC. Bilateral lower extremity compartment syndromes secondary to intraosseous fluid
resuscitation. J Pediatr Orthop 1991;11:773-6

Case report of a child with severe compartment syndrome of both lower extremities following 10 fluid resuscitation.

Von Hoff DD. Intraosseous infusions: an important but forgotten method of vascular access. Cancer Invest 1991;9(5):521-8

Review of intraosseous vascular accesstargeted for an oncology audience. Describes an implantable IO device with potential to make
intraosseous access more convenient for the patient.

YEAR: 1990

Crane RG. Where are the fractures and needles? Ann Emerg Med 1990;19(6):731

Letter to the editor regarding a previous article, “latrogenic Bilateral Tibial Fracture After Intraosseous Infusion Attempts in a 3-Month-Old
Infant.” Inquires if fractures were caused by questionable technique or an unexplainable complication of a proximally placed needle.

Fiser DH. Intraosseous infusion. N Engl J Med 1990;322(22):1579-81

Review of the use of intraosseous infusion in children in the prehospital setting and in the emergency department. Outlines anatomy,
indications and contraindications, technique, complications and role of intraosseous infusion in pediatrics.
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Melker RJ, Miller G, Gearen P, Molliter L. Complications of intraosseous infusion. Ann Emerg Med 1990;19(6):731-2

This series of 3 letters to the editor are in response to the case report of bilateral fracture of the mid-tibial shaft in a 3-month old child
following tibial 10 insertion. It is noted that the insertions were made in the mid-tibial shaft rather than at the proximal or distal tibial insertion
sites.

Moscati R, Moore GP. Compartment syndrome with resultant amputation following intraosseous infusion. Am J Emerg Med
1990; 8: 470-1
Case report of compartment syndrome following 10 infusion. Emphasizes 10 to be useful for temporary vascular access. Advises that that

IV lines be placed as soon as possible after 10 infusion. Recommends that radiograph be performed after the procedure in very young
children to check for bone abnormalities.

Spivey WN. Intraosseous infusion: Current concepts : The medical college of Pennslvania, Department of Emergency Medicine,
Philadelphia, PA. J Emerg Med 1990;8(3):382

This abstract describes a review of the literature on intraosseous pathways and reaches the conclusion that the rate of fluid administered is
limited by the size of the marrow cavity and the complication is extravasation of fluids and/or drugs into the soft tissue.

YEAR: 1989

La Fleche FR, Slepin MJ, Vargas J, Milzman DP. latrogenic bilateral tibial fractures after intraosseous infusions attempts in a 3-
month-old infant. Ann Emerg Med 1989;18(10):1099-101

Case report of bone fracture following 10 access in an infant.

Orlowski JP, Julius CJ, Petras RE, Porembka DT, Gallagher JM. The safety of intraosseous infusions: risks of fat and bone
marrow emboli to the lungs. Ann Emerg Med 1989;18(10):1062-7

Preclinical study in dogs examining lung samples for fat and bone marrow emboli following 10 infusion. Found no significance difference in
embolism formation or density between dogs receiving 10 infusion of emergency drugs and control group.

YEAR: 1988

Brickman KR, Rega P, Koltz M, Guinness M. Analysis of growth plate abnormalities following intraosseous infusion through the
proximal tibial epiphysis in pigs. Ann Emerg Med 1988;17(2):121-3

Preclinical study in pigs examining the epiphyseal plate after intentional penetration with IO needle and subsequent fluid infusion. Found no
significant growth defects despite injury to the developing growth plate.

Brillman JC. Intraosseous infusion for emergency intravascular access. Top Emerg Med 1988;10(1):75-80

Description of 10 infusion technique, site selection, procedure, anatomy, physiology, historical perspectives, contemporary research,
indications, contraindications, complications, and future direction.

Manley L, Haley K, Dick M. Intraosseous infusion: rapid vascular access for critically ill or injured infants and children. J Emerg
Nurs 1988;14(2):63-9

Article for emergency nursing audience describing 10 technique, anatomy, absorption rates, clinical indications and contraindications,
technique, complications and training in critically ill or injured infants and children.

Peck KR, Altieri M. Intraosseous infusions: an old technique with modern applications. Pediatr Nurs 1988;14(4):296-8

Nursing article recommending 10 early in the treatment of critically ill or injured children with difficult venous access. Highlights speed and
ease of 10 technique.

YEAR: 1987

Spivey WH. Intraosseous infusions. J Pediatr 1987;111(5):639-43
Review article on 10 infusion, includes historical background, physiology, method, clinical applications and complications of the IO

procedure.

YEAR: 1986

Hoelzer MF. Recent advances in intravenous therapy. Emerg Med Clin North Am 1986;4(3):487-500
Review of medical literature and research on the problem of difficult intravenous access.
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YEAR: 1985

Hodge D. Intraosseous infusions: areview. Pediatr Emerg Care 1985;1(4):215-8
Review of 10 insertion techniques of insertion, clinical indications, contraindications, and complications.

YEAR: 1984

Rosetti V, Thompson BM, Aprahamian C Darin JC, Mateer JR. Difficulty and delay in intravascular access in pediatric arrests.
Ann Emerg Med 1984;13(5):406

Outlines problems with conventional vascular access in emergency medicine. Discusses possible resurgence of the "old" technique of
intraosseous infusion.

YEAR: 1977

Valdes MM. Intraosseous fluid administration in emergencies. Lancet 1977;1(8024):1235-6

Observational study of 15 patients needing emergency fluids and in whom IV’s were difficult to establish. Patients received drugs and fluids
via 10. Concludes that 10 therapy is effective with no serious complications.

YEAR: 1956

Bennike T, Gormsen H, Moller B. Comparative studies of bone marrow punctures of the sternum, the iliac crest, and the spinous
process. Acta Med Scand 1956;155(5):377-96

Study finding sternal puncture superior to iliac crest and spinous process punctures for bone marrow sampling. Cautions that inexperienced
practitioners should use iliac crest or spinal process in the absence of training in sternal puncture.

YEAR: 1954

Marill F. Death from sternal puncture. JAMA 1954;155:1276
Case report of death following pericardial rupture with hemorrhage, associated shock, and peripheral circulatory collapse.

YEAR: 1951

Fortner JG, Moss ES. Death following sternal puncture: report of two cases. Annals of Internal Medicine 1951;34:809-15

Case reports of 2 deaths from sternal puncture. Discusses 4 additional cases from the medical literature. Comments of the mechanism of
death.

YEAR: 1950

Massey LW. Bone-marrow infusions: intratibial and intravenous routes compared. Br Med J 1950;2(4672):197-8
Early review of 10 infusion citing complication rate of osteomyelitis (approximately 1 in 150 cases).

YEAR: 1947

Heinild S, Sondergaard T, Tudvad F. Bone marrow infusion in childhood: Experiences from a thousand infusions. J of Pediatrics
1947; 30: 400-11

Early study on 10. Makes strong distinction between ordinary blood transfusion or infusion of isotonic solutions (generally safe) and
continuous infusion or the infusion of hypertonic solutions. The latter carries considerable risk of osteomyelitis and subsequent disturbance
in growth of the bone.

YEAR: 1946

Quilligan JJ, Turkel H. Bone marrow infusion and its complications. Am J Dis Child 1946; 71: 457-65

Historical article discussing refinements in IO technique and analysis of IO complications. Includes case report of an infant who developed
osteomyelitis subsequent to 10 infusion.
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YEAR: 1945

Tocantins L, O'Neill 3. Complications of intraosseous therapy. Ann Surg 1945;122:266-77

Early article on 10 with caveats on use. Includes case report of complication following IO infusion via the sternal marrow of a diabetic.
Reviews relevant anatomy, actual and possible technical complications.

YEAR: 1944

Arbeiter H |, Greengard J. Tibial bone marrow infusion in infancy. J Pediatr 1944; 25:(1):1-12

Early article describes technique for tibial bone marrow infusion. Reports 6 failures and 2 partial failures in 43 attempts on 34 young
children. X-ray studies post 10 infusion showed small bone defects and periosteal elevation with new bone formation.

YEAR: 1943

Ravitch MM. Suppurative anterior mediastinitis in an infant following intrasternal blood transfusion. Arch Surg 1943;47(3):250-7

This article provides a brief history of intraosseous infusion beginning in 1903 with supportive literature through the writing of this article in
1943. An overview of mediastinitis, a complication of intrasternal blood transfusion, is also provided followed by a case report of anterior
mediastinitis in an infant.

YEAR: 1922

Drinker C, Drinker K, Lund C. The circulation in the mammalian bone marrow. Am J Physiol 1922;62(1):1-92

Seminal article on blood circulation in the |0 space. Demonstrates movement of red blood cells from the bone marrow into the circulating
blood by perfusion of the tibia of the dog and by injections into the bone marrow in the rabbit and cat.
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