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Abstract
Quickly obtained and effective access to the patient's circulatory system is a very important
element of advanced life support procedures that save the patient's life both in pre-hospital and

hospital conditions. However, the classic intravascular injection method can often prove
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ineffective or even impossible to perform. In such situations, it may be helpful to use
intraosseous needle set device.

Aim of this article is to present selected intraosseous access devices, which could improve
quality of care under patient in critical state. Examples of such devices are: Dieckmann
modified needle, EZ-IO® Manual Needle Set, EZ-IO® T.A.L.O.N.™ Needle Set, Jamshidi
Needle, Bone Injection Gun (B.I.G), New Intraosseous device (N1O), FAST Responder 10
device, Arrow Ez-10 Intraosseous Vascular Access System.

The ready-to-use intraosseous devices sets are an excellent and easy to use alternative to

traditional peripheral intravenous access.

Key words: intraosseous access, emergency medicine, critical care medicine, Emergency

Medical Service

Introduction

Quickly obtained and effective access to the patient's circulatory system is a very important
element of advanced life support procedures that save the patient's life both in pre-hospital and
hospital conditions. However, the classic intravascular injection method can often prove
ineffective or even impossible to perform. Difficulty in inserting an intravenous access may
result from: the severity of the patient's clinical condition, lack of proper preparation of the staff
to perform the puncture, lack of sufficient access to the patient (patient trapped in a vehicle as
a result of a traffic accident) and many other variables. In such situations, it may be helpful to
use a intraosseous needle set device. Scientific research confirms that the drugs administered
by the intraosseous needle reach plasma concentration in a time comparable to the drugs given
to the catheter placed in the central vein [1-3]. It was also confirmed that the use of a ready to
use intraosseous device significantly shortened the time to access the circulatory system in
comparison with intravenous injection [4-6]. It is also important that both the European
Resuscitation Council and the American Heart Association recommend the use of intraosseous
access in circumstances where intravenous access is not as easy to obtain in a timely manner
[7,8].
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Aim of the research
The aim of this article is to present selected intraosseous access devices which could
improve quality of care under patient in critical state with a particular focus on:
o Dieckmann modified needle (Cook Medical Incorporation, Bloomington, IN, USA)
o EZ-IO® Manual Needle Set (Vidacare, Shavano Park, TX, USA)
o EZ-IO® T.A.L.O.N.™ Needle Set (Vidacare, Shavano Park, TX, USA)
o Jamshidi Needle (CareFusion Co., San Diego, CA),
° Bone Injection Gun - B.1.G (Waismed Limited, New York, NY, USA),
o New Intraosseous device - NIO (Persys Medical, Houston, TX, USA),
o FAST Responder Sternal Intraosseous Device (PYNG Medical Co., Richmond, BC)
o Arrow Ez-10 Intraosseous Vascular Access System (Vidacare, Shavano Park, TX,
USA)

Description of knowledge
All devices for intraosseous access available on the market can basically be divided into three
main groups. A feature that differentiates these devices is the type of mechanical drive used. In

this way, we stand out: Manual Device, Spring Devices and Drill-based systems.

Manual Devices

Manual devices are the most basic intraosseous devices which require from the user
significant physical strength to manually insert the needle into the patient's medullary cavity.
Examples of such devices are: Dieckmann modified Needles, EZ-10® Manual Needle Set, EZ-
I0® T.A.L.O.N.™ Needle Set and Jamshidi Needle. All of these devices are equipped with a
handle that provides a secure grip. In addition, the device consists of a needle with a guide
inside, which after successful introduction into the medullary cavity should be removed. The
tip of the needle is appropriately beveled to ensure easier insertion of the needle, increase patient
safety as well as ensure controlled insertion of the needle. Despite the fact that manual devices
are relatively cheap, the main drawback of these devices is the fact that they require the use of
a force method. What is important, there were cases of bending the needle when trying to insert
the needle by applying too much force [9]. Therefore, they are mainly used for intraosseous
access in pediatric patients, where this procedure can be performed safer and more effectively

due to the softer tissues. All manual intraosseous devices are single-use.
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Dieckmann modified Needle

The feature that distinguishes this device from others is the fact that there are holes at
the end of the needle on both sides. ~ Their aim is to ensure the free flow of fluids and
medicines administered. Additionally, it is available in various sizes of thickness and length of
the needle [10]:

o 14 Needle Gage — 3.0 cm Needle Length
o 16 Needle Gage — 3.0 cm Needle Length
o 16 Needle Gage — 4.0 cm Needle Length
o 18 Needle Gage — 3.0cm Needle Length

Dieckmann modified Needle has been designed for use in 3 anatomical locations of the patient
[10]:

o Proximal tibia - antero-medial surface of Tibia 1-3 cm below Tibial Tuberosity
o Distal tibia - medial surface of the Tibia Proximal to the medial Malleolus
o Distal femur - Alternative place if proximal or distal tibia is unsuitable

EZ-10® Manual Needle Set
It is a device adapted for use in all patients weighing 3 kg and more [11]. The
manufacturer of this device anticipates using it in such locations on the patient's body as:
° Proximal humerus,
o Proximal tibia

° Distal tibia

EZ-10® T'4.L.O.N.™ (Tactically Advanced Lifesaving 10 Needle) Needle Set

It is an example of a manual intraosseous device, which has been adapted by the
manufacturer to be installed in the sternum, proximal humerus, proximal tibia, distal tibia. By
adding an appropriate adhesive stabilizer to the patient sternum, the equipment is completely
safe and allows to give the patient high volumes of fluids with a well speed directly to the
sternum [12,13].

Jamshidi Needle

It is the device best known among manual intraosseous access. In terms of construction,

it is worth emphasizing that this device has luer slip / luer lock connection for a secure fit to

942



any syringe. What is more adjustable depth guard to help control the depth in needle insertion
[14].

This device is produced in two sizes of the needle:

o Needle Gage - 15 G adjustable length from 24mm to 48mm - for 9 months or older
patients

o Needle Gage - 18 G adjustable length from 14mm to 48mm - for younger than 9 months

Producer of Jamishidi Needle recommends using it only in these three anatomical places: [14]:

o Proximal tibia - can be used in children up to 6 years of age
o Distal tibia - preferred place for older children
. Distal femur

Spring Devices

This type of devices has been designed to facilitate the possibility of getting an intraosseous
access. Thanks to the spring mechanism, the devices fired the needle like a projectile and placed
it precisely in the medullary cavity. The whole procedure is performed by the medic without
putting any of extra strength. It is only necessary to: properly locate the appropriate injection
place, prepare the skin surface well, apply the device on the patient and most importantly release
the lock from the stretched spring, for an effective firing of the needle. Due to the proper
adaptation of the device, it is not necessary to set the appropriate force of the needle firing.
Simplicity in using such devices does not eliminate the necessity to complete specialist training
which should consist of theoretical classes and practical training in technical skills. Importantly,
all manufacturers of this type of equipment, in addition to the real version, also have a training
version with manikins that simulate the anatomical region for the insertion of this device.
Scientific research of many authors shows that devices based on a spring mechanism are
assumed by the participants in a shorter time and with greater efficiency than mechanical
devices [6,15]. Examples of such devices are: Bone Injection Gun (B.l.G), New Intraosseous

device (N1O) and FASTResponder Sternal Intraosseous Device.

Bone Injection Gun (B.1.G)

Bone Injection Gun device is easy to use thanks to the spring mechanism used. B.1.G is
made of hard plastic, and the needle is completely enclosed and invisible, which increases safety
and patient comfort. In addition, the device is secured against accidental release of the lock by
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a characteristic red clip located on the top of the device. B.1.G device is available in two versions
[28]:

o Adult version (blue color) - Needle Gage - 15 G

o Pediatric version (red color) - Needle Gage - 18 G

Adult version is recommended for patient from 12 years of age. Pediatric version is adapted for
patients from birth to 12 years of age. It is important that B.l.G-Pediatric should be prepared
before use with child. It is based on choosing one of the age range in which the patient is. This
should be done by unscrewing the needle guard. Three age ranges are available and are

associated with the appropriate needle penetration [27]:

o 0 — 3 years - 0.5 cm — 1.0 cm depth of needle penetration
o 3—6 years - 1.0 cm — 1.5 cm depth of needle penetration
o 6 — 12 years - 1.5 cm depth of needle penetration

Bone Injection Gun device is recommended to use at the upper tibia plateau in adult and also

in pediatric patient.

New Intraosseous device (NIO)

The New Intraosseous device as the name suggests is quite new device available on the
market. Its operation is also based on a spring mechanism. In relation to B.1.G, the manufacturer
improved the method of stabilizing the needle after placing it in the medullary cavity. In the
B.1.G device, to protect the needle from accidental removal is a red clip the same one which
earlier task was to protect the equipment from unplanned release of the spring lock. In the NIO
device, the needle descends from the handle of the device and entails a special tip, which creates
a stabilizing collar on the patient's skin, which should finally be wrapped with a special veneer
attached to the set [22]. As in the B.1.G device in NIO device, there are also two versions of the
device:

o NIO-Adult ™ - blue color
o NIO-Pediatric ™ - red color

NI10-Pediatric has two degrees of needle penetration depth adjustment and is dependent
on the child's age [23]. According to the manufacturer's instructions, after removing the
equipment from the packaging, N1O-Pediatric is ready to be placed on a child between the ages
of 9 and 12 years. By properly unscrewing the tip of the handle, it will be possible to adapt this
device also for a patient from 3 to 9 years of age. NIO-Pediatric is not recommended for use in

children under 3 years of age. In order to facilitate the placement of the NIO-Pediatric device
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and eliminate the probability of making a mistake when placing it on a child, the manufacturer
placed special arrows on the top of the device. Placing the arrow just under the tibial tuberosity
causes a perfect and very accurate positioning of the device in the correct anatomical site [23].
The device manufacturer also took care of the high standard of training by creating an
innovative training device - NIO-SIMulation ™ (yellow color) [24]. This device has reduced
trocar and cannula length, so students can use the device on each other completely safely. It can
also be used on any type of manikin without damaging it. The training version is available in

both the adult and pediatric versions.

FAST Responder Sternal Intraosseous Device

FASTResponder Sternal 10 device is one of the few devices which recommended place
to locate is upper part of the sternum. In addition, thanks to the appropriate notch at the top of
the handle, which allows user to quickly and unambiguously determine the correct location of
the planned puncture place, the authors estimate that the time to correctly install the device in
most cases does not exceed 10 seconds [19]. Despite the fact that it may seem that the device
placed on the sternum may interfere with conducting chest compressions in a patient with
cardiac arrest, scientific research does not confirm this [20]. In addition, there were no
contraindications to use of automated chest compression devices together with FASTResponder
Sternal Intraosseous Device. Like the B.I.G and NIO devices, FASTResponder also
automatically punctures the needle at the appropriate depth, so that the user does not have to
choose the right size of the needle. In addition, the low profile of the correctly installed device
reduces the chances of accidental and unintentional removal of the puncture during patient
transport. As a big advantage of the FASTResponder device, it can be considered that among
all the intraosseous devices it provides the most effective flow of transfused volumes [21]. In
Hammer et.al. research authors state that the one-minute gravity infusion had a flow rate of 53
+ 2 ml / min, and when using the rapid transfusion set with a 300 mmHg pressure force, a flow
of 112 + 47 ml / min was obtained [21].

Drill-based system

Devices operating on this type of drive are easier and more intuitive to use, but require
from the user to break the internal psychological barriers associated with drilling into human
tissue. Psychological barriers can be the biggest problem in the dissemination and use of such
devices. The advantage of the grill-based system is the fact that they can be used in more

anatomical places. They consist of a reusable drill and disposable, sterile needles.
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Arrow® EZ-IO® Intraosseous Vascular Access System
It is one of the few devices using a drill-based system. It consists of a handy drill and
interchangeable needles placed on the top of it. Getting access in a few seconds, flow up to 5
I/hour and time getting fluids to the heart within even 3 seconds are invaluable values in critical
situations in which every second matters [26]. The manufacturer of this device attaches three
standard needles to the set [25]:
o 15 mm Needle — 15 G - for patients weighing from 3 to 39 kg
o 25 mm Needle — 15 G - for patients weighing over 39 kg
o 45 mm Needle — 15 G - for obese patients or patients with excessive tissue over the
insertion site (excess tissue from edema, large musculature or obesity)
The Arrow EZ-10 device is recommended for use in anatomical places such as [25]:
For adults:
o Distal tibia
o Proximal tibia
o Proximal humerus
For pediatric patients:
o Proximal humerus
o Proximal tibia
. Distal tibia

U Distal femur
Many research authors emphasize the rationale of using a rapid transfusion kit that
optimizes the infusion rate of a patient in a critical condition [16-18].

Summary

The ready-to-use intraosseous devices sets are an excellent alternative to traditional peripheral
intravenous access. Thanks to their use, it is possible to give the right medicines or start fluid
therapy in a shorter time even in a pediatric patient or in a state of cardiac arrest. Scientific
research confirms that these devices are safe for the patient as well as for medical personnel,
they are effective and easy to use. Unfortunately, one relatively basic disadvantage of these
devices is their relatively high purchase cost. On the other hand, these devices require adequate
theoretical knowledge and training to function well and be effectively configured. Medical

personnel should be systematically trained in this field with additional consideration of such
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aspects as: indications, contraindications to the establishment of intraosseous access, possible

complications as well as limitations of this type of access to the circulatory system.
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