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POWERED DRIVERS, INTRAOSSEOUS DEVICES AND
METHODS TO ACCESS BONE MARROW

RELATED APPLICATIONS

This Application claims the benefit of U . S .

Provisional Patent Application Serial No. 60/910,122

entitled "Powered Drivers Intraosseous Device and

Methods to Access Bone Marrow" filed April 4 , 2007.

TECHNICAL FIELD

The present disclosure is related in general to

medical devices operable to access bone marrow and

specifically to apparatus and methods for penetrating a

bone and associated bone marrow with a powered driver and

inserting an intraosseous device into the bone marrow.

BACKGROUND OF THE DISCLOSURE

Every year, millions of patients are treated for

life-threatening emergencies in the United States. Such

emergencies include shock, trauma, cardiac arrest, drug

overdoses, diabetic ketoacidosis, arrhythmias, burns, and

status epilepticus just to name a few. For example,

according to the American Heart Association, more than

1,500,000 patients suffer from heart attacks (myocardial

infarctions) every year, with over 500,000 of them dying

from its devastating complications.

Obtaining satisfactorily vascular access may be a

critical problem in approximately five (5%) percent to

ten (10%) percent of patients treated in either

prehospital or hospital settings. In the U.S.



approximately six million patients annually may

experience problems with traditional intravenous access.

An essential element for treating medical emergencies is

rapid establishment of vascular access to administer

drugs and fluids directly into the circulatory system.

Whether in an ambulance by paramedics, or in an emergency

room by emergency specialists, the goal is the same -

administer life-saving drugs and fluids. To a large

degree, the ability to successfully treat such critical

emergencies is dependent on skill and luck of an operator

in accomplishing vascular access.

While it is relatively easy to start an IV on many

patients, doctors, nurses and paramedics often experience

great difficulty establishing IV access in some patients.

These patients are probed repeatedly with sharp needles

in an attempt to solve this problem and may require an

invasive procedure to finally establish an intravenous

route. A further complicating factor in achieving IV

access occurs "in the field" (e.g., at the scene of an

accident or during ambulance transport) where it is

difficult to see the target and/or excessive motion makes

accessing the venous system very difficult.

In the case of some patients (e.g., those with

chronic disease or the elderly) , the availability of

easily-accessible veins may be depleted. Other patients

may have no available IV sites due to anatomical scarcity

of peripheral veins, obesity, extreme dehydration, and/or

previous IV drug use. For these patients, finding a

suitable site for administering lifesaving drugs becomes

a monumental and frustrating task. While morbidity and

mortality statistics are not generally available, it is



known that many patients with life-threatening

emergencies have died of ensuing complications because

access to the vascular system with life-saving IV therapy

was delayed or simply not possible. For such patients,

an alternative approach is required.

Powered drivers associated with intraosseous (10)

devices typically include a housing with various types of

motors and/or gear assemblies disposed therein. A

rotatable shaft may be disposed within the housing and

connected with a gear assembly. Various types of

fittings, connections, connectors and/or connector

receptacles may be provided at one end of the rotatable

shaft extending from the housing to releasably engage an

10 device with the powered driver.

Examples of powered drivers are shown in pending

patent applications Serial Number 10/449,503 filed May

30, 2003 entitled "Apparatus and Method to Provide

Emergency Access To Bone Marrow, " Serial Number

10/449,476 filed May 30, 2003 entitled "Apparatus and

Method to Access Bone Marrow," and Serial No. 11/042,912

filed January 25, 2005 entitled "Manual Intraosseous

Device ."

Vascular system access may be essential for

treatment of many serious diseases, chronic conditions

and acute emergency situations. Yet, many patients

experience extreme difficulty obtaining effective

treatment because of inability to obtain or maintain

intravenous (IV) access. An intraosseous (10) space

provides a direct conduit to a patent's vascular system

and systemic circulation. Therefore, IO access is

generally an effective route to administer a wide variety



of drugs, other medications and fluids equivalent to IV

access. Rapid IO access offers great promise for almost

any serious emergency that requires vascular access to

administer life saving drugs, other medications and/or

fluids when traditional IV access is difficult or

impossible .

Bone marrow typically includes blood, blood forming

cells, and connective tissue disposed in an intraosseous

space or cavity surrounded by compact bone. Long bones

such as the tibia typically have an elongated central

cavity filled with yellow bone marrow and adipose or

connective tissue. Such cavities may also be referred to

as a "medullary cavity", "bone marrow cavity" and/or

"intraosseous space."

Compact bone disposed nearer the anterior or dorsal

surface shall be referred to as "anterior compact bone"

or "anterior bone cortex." Compact bone disposed farther

from the dorsal or anterior surface may be referred to as

"posterior compact bone" or "posterior bone cortex."

The upper tibia proximate a patient's knee or the

humeral head proximate a patient's shoulder may be used

as insertion sites for an IO device to establish access

with the patient's vascular system. Sternal access may

also be used as an insertion site. Availability of

multiple intraosseous insertion sites and associated

target areas in adjacent bone marrow have proven to be

especially important in applications such as emergency

treatment of battlefield casualties or other mass

casualty situations. Teachings of the present disclosure

may be used at a wide variety of insertion sites and

target areas. Teachings of the present disclosure are



not limited to power drivers and/or IO devices which may

be inserted at the proximal tibia, distal tibia, humerus,

or sternum.

IO access may be used as a "bridge" for temporary

fluid and/or drug therapy during emergency conditions

until conventional IV sites can be found and used.

Conventional IV sites often become available because

fluids and/or medication provided via 10 access may

stabilize a patient and expand veins and other portions

of a patient's vascular system. IO devices and

associated procedures incorporating teachings of the

present disclosure may become standard care for

administering medications and fluids in situations when

IV access is difficult or not possible.

Intraosseous access may be used as a "routine"

procedure with chronic conditions which substantially

reduce or eliminate availability of conventional IV

sites. Examples of such chronic conditions may include,

but are not limited to, dialysis patients, patients in

intensive care units and epilepsy patients. Intraosseous

devices and associated apparatus incorporating teachings

of the present disclosure may be quickly and safely used

to provide IO access to a patient's vascular system in

difficult cases such as status epilepticus to give

medical personnel an opportunity to administer crucial

medications and/or fluids. Further examples of such

acute and chronic conditions are listed near the end of

this written description.



SUMMARY OF THE DISCLOSURE

In accordance with teachings of the present

disclosure, apparatus and methods are provided for

gaining rapid access to a patient's vascular system. One

embodiment may include a powered driver operable to

insert an intraosseous device into a patient's bone

marrow at a selected target site. The powered driver may

include a variable speed mechanism such as a low voltage

potentiometer or any other electrical device satisfactory

to allow varying the speed of an associated motor.

One embodiment of the present disclosure may provide

an apparatus operable to insert an intraosseous device

into a bone and associated bone marrow. The apparatus

may include a housing, a drive shaft, a motor, a power

supply and associated electrical circuit, and a light.

The drive shaft may extend from an opening in the housing

and may be operable to releasably engage the intraosseous

device. The motor may be disposed within the housing and

rotatably engaged with the drive shaft. The power supply

and associated electrical circuit may be operable to

power the motor. The light may extend from the housing

and be connected to the power supply and the light may be

operable to illuminate an insertion site for the

intraosseous device.

Another embodiment of the present disclosure may

provide a powered driver operable to insert an

intraosseous device into a bone and associated bone

marrow. The powered driver may include a housing, a

drive shaft extending from the housing, a motor, a power

supply, electrical circuits, and a switch connected to



the electrical circuits. The drive shaft may be operable

to releasably engage the intraosseous device. The motor

may be disposed within the housing and rotatably engaged

with the drive shaft. The power supply and associated

electrical circuit may be operable to power the motor.

The switch may be operable to activate the motor to

rotate the drive shaft.

Another embodiment of the present disclosure may

provide an apparatus operable to insert an intraosseous

device into a bone and associated bone marrow and to

assist with other medical procedures. The apparatus may

include a powered driver, a drive shaft, a motor, a power

supply and electrical circuits, a switch, and a suction

pump. The powered driver may have a housing with one end

of the drive shaft extending therefrom. The one end of

the drive shaft may be operable to releasably engage the

intraosseous device. The motor may be disposed within

the housing and rotatably engaged with the drive shaft.

The power supply and electrical circuits may be operable

to power the motor. The switch may be operable to

activate the motor to rotate the drill shaft. The

suction pump may have a connector operable to be

releasably engaged with the one end of the drive shaft

whereby the powered driver may operate the pump.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete and thorough understanding of the

present embodiments and advantages thereof may be

acquired by referring to the following description taken

in conjunction with the accompanying drawings, in which



like reference numbers indicate like features, and

wherein:

FIGURE IA is a schematic drawing in section showing

one embodiment of a rechargeable powered driver

incorporating teachings of the present disclosure;

FIGURE IB is a schematic drawing showing an

isometric view of the rechargeable powered driver of

FIGURE IA;

FIGURE 2A is a schematic drawing showing one example

of an electrical power circuit incorporating teachings of

the present disclosure;

FIGURE 2B is a schematic drawing showing an example

of one component of a variable speed controller

satisfactory for use with a powered driver in accordance

with teachings of the present disclosure;

FIGURE 2C is an isometric drawing showing an example

of another component of a variable speed controller which

may be used with a powered driver in accordance with

teachings of the present disclosure;

FIGURE 2D is a schematic drawing showing an example

of an electrical power circuit having an enable switch or

safety switch incorporating teachings of the present

disclosure;

FIGURE 3A is a schematic drawing showing a powered

driver disposed in a charging cradle incorporating

teachings of the present disclosure;

FIGURE 3B is a schematic drawing showing an

isometric view of a powered driver having a battery

charge indicator incorporating teachings of the present

disclosure;



FIGURE 3C is a schematic drawing with portions

broken away showing another example of a charge indicator

for a powered driver incorporating teachings of the

present disclosure;

FIGURE 3D is a schematic drawing with portions

broken away showing still another example of a power

supply status indicator for a powered driver

incorporating teachings of the present disclosure;

FIGURE 4A is a schematic drawing showing an

isometric view of a powered driver having a light in

accordance with teachings of the present disclosure;

FIGURE 4B is a schematic drawing showing an

isometric view of another example of a light disposed on

a powered driver in accordance with teachings of the

present disclosure;

FIGURE 4C is a schematic drawing showing another

example of a rechargeable powered driver incorporating

teachings of the present disclosure;

FIGURE 5A is a schematic drawing showing an

isometric view of a powered driver having a safety switch

incorporating teachings of the present disclosure;

FIGURE 5B is a schematic drawing showing an

isometric view of another powered driver having an enable

switch incorporating teachings of the present disclosure;

FIGURE 5C is a schematic drawing showing an

isometric view of still another powered driver having a

safety switch incorporating teachings of the present

disclosure;

FIGURE 6A is a schematic drawing in section with

portions broken away showing one example of a protective

covering for a trigger assembly or switch assembly of a



powered driver incorporating teachings of the present

disclosure;

FIGURE 6B is a schematic drawing showing another

example of a protective cover for a trigger assembly or

switch assembly of a powered driver incorporating

teachings of the present disclosure;

FIGURE 6C is an isometric drawing showing a cross-

section of a powered driver incorporating teachings of

the present disclosure;

FIGURE 7A is a schematic drawing showing a wall

mounted cradle for a powered driver incorporating

teachings of the present disclosure;

FIGURE 7B is a schematic drawing showing another

isometric view of a cradle and powered driver of FIGURE

7B;

FIGURE 8A is a schematic drawing showing one example

of an intraosseous needle set which may be inserted into

a patient's vascular system using a powered driver;

FIGURE 8B is a schematic drawing showing an

isometric view with portions broken away of a connector

receptacle which may be releasably engaged with a powered

driver incorporating teachings of the present disclosure;

FIGURE 9A is a schematic drawing showing an

isometric view of one embodiment of a hub;

FIGURE 9B is a schematic drawing showing an

isometric view of one embodiment of a connector; and

FIGURE 10 is a schematic drawing showing an

isometric view with portions broken away of a pump which

may be operated by a powered driver in accordance with

teachings of the present disclosure.



DETAILED DESCRIPTION OF THE DISCLOSURE

Preferred embodiments of the disclosure and its

advantages are best understood by reference to FIGURES

IA- 10 wherein like numbers refer to same and like parts.

Apparatus and methods incorporating teachings of the

present disclosure may be used to provide intraosseous

access to a patient's vascular system in the sternum, the

proximal humerus (the shoulder area) , the proximal tibia

(below the knee) and the distal tibia (above the inside

of the ankle) . The distal tibia may provide easier

vascular access to morbidly obese patients. The distal

tibia is usually a thinner area of the body. Using the

distal tibia as an insertion site may allow emergency

medical service personnel to pump medications and fluids

into the body of obese patients when regular conventional

IV access is difficult. EMS personnel may often not be

able to start IVs in obese patients because their size

may obscure many of the veins used for conventional IV

access. Adipose tissue (fat) around normal IO access

sites may be so thick that EMS personnel can't reach

adjacent the bone with standard IO needles. Therefore,

the distal tibia may provide an IO access site for the

overweight population.

One aspect of the present disclosure may include

providing a powered driver and respective IO needle sets

for safe and controlled vascular access to provide

medication and fluids to bone marrow, to remove biopsies

of bone and/or bone marrow and to aspirate bone marrow.

Apparatus and methods incorporating teachings of the

present disclosure may be used with patients of all ages



and weights. For example, one IO needle set may be

appropriate for patients within the weight range of 3

kilograms to 39 kilograms. A second IO needle set may be

satisfactory for use with patients weighing 40 kilograms

or more.

For still other applications, teeth formed on one

end of a cannula or catheter may be bent radially outward

to reduce the amount of time and the amount of force

required to penetrate bone and associated bone marrow

using the cannula or catheter. For some applications a

powered driver and aspiration needle set formed in

accordance with teachings of the present disclosure may

provide access to a patient's bone marrow using the same

amount of torque. The length of time for penetrating a

relatively hard bone may be increased as compared with

the length of time required to penetrate a relatively

softer bone.

The circuit may limit current supplied to the motor

to protect associated batteries and to protect the motor

for high current flow. High current flow may correspond

with high torque which indicates improper use or

operation of the powered driver. High torque may also

indicate that the powered driver is not driving into

bone. Current flow through the motor may be directly

related to torque produced by the drive shaft. For some

applications the circuit may indicate when current flow

through the motor is typical for penetrating the hard

outer layer of a bone (compact bone issue) with an IO

device. The circuit may also indicate when current flow

through the motor decreases in response to the IO device

penetrating associated bone marrow.



For some embodiments the powered driver may include

a trigger assembly operable to activate a low speed

switch, a high speed switch and/or turn an associated

motor off.

For some embodiments the powered driver may include

a drive shaft having one end with a generally hexagonal

cross section operable to be releasably engaged with

intraosseous devices including, but not limited to,

biopsy needles and bone marrow aspiration needles.

For some embodiments the powered driver may include

a gear assembly rotatably attached to a motor. The gear

assembly may have a speed reducing ratio between 60:1 and

80:1. For some applications the gear assembly may reduce

speed of rotation of an attached motor at a ratio of

approximately 66:1 or 77:1.

Apparatus and methods incorporating teachings of the

present disclosure may include using a first IO needle

set having a fifteen (15) gage cannula with a length of

approximately fifteen (15) millimeters to establish

vascular access for patients weighing between

approximately three (3) kilograms and thirty nine (39)

kilograms. A second IO needle set having a fifteen (15)

gage cannula with an approximate length of twenty-five

(25) millimeters may be used to establish vascular access

for patients weighing forty (40) kilograms and greater.

For some applications intraosseous needles and

needle sets incorporating teachings of the present

disclosure may be formed from 304-stainless steel.

Standard Luer lock catheter connections may be provided

on each IO needle. IO needles and needle sets

incorporating teachings of the present disclosure may be



easily removed from an insertion site without the use of

special tooling or equipment. The reduced size and

weight of drivers and IO devices incorporating teachings

of the present disclosure accommodate use in emergency

crash carts and emergency medical vehicles.

The term "driver" as used in this application may

include any type of powered driver satisfactory for

inserting an intraosseous (10) device including, but not

limited to, a penetrator assembly, catheter, IO needle,

IO needle set, biopsy needle or aspiration needle into a

selected portion of a patient's vascular system. Various

techniques may be satisfactorily used to releasably

engage or attach an IO device with a driver incorporating

teachings of the present disclosure. A wide variety of

connectors and associated connector receptacles, fittings

and/or other types of connections with various dimensions

and configurations may be satisfactorily used to

releasably engage an 10 device with a driver. A battery

powered driver incorporating teachings of the present

disclosure may be used to insert an intraosseous device

into a selected target area in ten seconds or less.

The term "intraosseous (10) device" may be used in

this application to include any hollow needle, hollow

drive bit, penetrator assembly, bone penetrator,

catheter, cannula, trocar, inner penetrator, outer

penetrator, IO needle or 10 needle set operable to

provide access to an intraosseous space or interior

portions of a bone.

For some applications an 10 needle or 10 needle set

may include a connector with a trocar or stylet extending

from a first end of the connector. A second end of the



connector may be operable to be releasably engaged with a

powered driver incorporating teachings of the present

disclosure. An IO needle or IO needle set may also

include a hub with a hollow cannula or catheter extending

from a first end of the hub. A second end of the hub may

include an opening sized to allow inserting the trocar

through the opening and the hollow cannula. The second

end of the hub may also be operable to be releasably

engaged with the first end of the connector. As

previously noted, the second end of the connector may be

releasably engaged with a powered driver. A wide variety

of connectors and hubs may be used with an IO device

incorporating teaching of the present disclosure. The

present disclosure is not limited to connector 180 or hub

200 as shown in FIGURES 8A and 8B.

Various features of the present disclosure may be

described with respect to powered drivers 30 and 30a-30f.

Various features of the present disclosure may also be

described with respect to intraosseous devices such as

shown in FIGURES 8A and 8B. However, the present

disclosure is not limited to use with intraosseous device

160 or powered drivers 30 and 30a-30f.

Powered driver 30 as shown in FIGURES IA, IB and 3A

may be satisfactorily used to insert an intraosseous

device at a desired insertion site adjacent to a bone and

associated bone marrow (not expressly shown) . For

embodiments such as shown in FIGURES IA, IB and 3A

powered driver 30 may include one or more features of the

present disclosure including, but not limited to, a light

operable to illuminate an insertion site, charging

contacts and associated charging circuitry, a power



supply status indicator, trigger guard, variable speed

controller, safety switch and/or timing circuit. At

least one or more of the preceding features and/or

additional features of the present disclosure may also be

shown with respect to powered drivers 30-3Of and/or 330a-

330k.

Various components associated with powered driver 30

may be disposed within housing 32. For example a power

source such as rechargeable battery pack 34 may be

disposed within handle 36. Battery pack 34 may have

various configurations and may include multiple batteries

disposed within sealed packaging material. For other

applications, a non-rechargeable battery pack may also be

disposed within handle 36.

Handle 36 may be generally described as an

elongated, hollow container sized to receive battery pack

or power supply 34. Cap 38 may be disposed on one end of

handle 36. Cap 38 may be removed to allow inserting and

removing battery pack 34 therefrom. Handle 36 may also

include finger grips 64 having generally ergonomic

configurations .

For embodiments such as shown in FIGURES IA, IB and

3A cap 38 may include a pair of charging contacts 40a and

40b. A portion of each contact 40a and 40b may extend

from cap 38 for engagement with an appropriate charging

receptacle. See FIGURE 3A. For some applications cap 38

and adjacent portions of handle 36 may have heavy duty

screw on or thread connections (not expressly shown) .

For some applications cap 38 may be formed from

relatively strong, heavy duty polymeric material.



Motor 44 and gear assembly 46 may also be disposed

within portions of housing 32 adjacent to handle 36. For

embodiments represented by powered drivers 30-3Oe and

330a-330k, motor 44 and gear assembly 46 may be generally

aligned with each other. Motor 44 may be connected with

one end of gear assembly 46. Drive shaft 52 may be

engaged with and extend from another end of gear assembly

46 opposite from motor 44.

For some applications both motor 44 and gear

assembly 46 may have generally cylindrical

configurations. Exterior portion 45 of motor 44 may

correspond with the largest nominal outside diameter

associated with motor 44. Exterior portion 47 of gear

assembly 46 may correspond with the largest nominal

outside diameter associated with gear assembly 46. For

embodiments of the present disclosure represented by

powered drivers 30-3Oe and 330a-330k, exterior portion 47

of gear assembly 46 may represent a nominal outside

diameter portion larger than any other outside diameter

portion associated with motor 44. In other embodiments

of the present disclosure represented by powered driver

33Oi, exterior portion 47 of gear assembly 46 may be

smaller than outside diameter portions associated with

impact device 44a.

Portions of housing 32 may have generally similar

cylindrical configurations corresponding with exterior

portions of motor 44 and gear assembly 46. For example,

segment 32a of housing 32 may have a generally

cylindrical, hollow configuration with an inside diameter

compatible with exterior portion 45 of motor 44. Housing

segment 32b may have a generally cylindrical, hollow



configuration with an inside diameter compatible with

exterior portion 47 of gear assembly 46. Since portions

of gear assembly 46 have an outside diameter that is

larger than the outside diameter of motor 44, housing

segment 32b may have a larger outside diameter than the

outside diameter of housing segment 32a.

Motors and gear assemblies satisfactory for use with

a powered driver incorporating teachings of the present

disclosure may be obtained from various vendors. Such

motor and gear assemblies are typically ordered as "sets"

with one end of each motor securely attached to an

adjacent end of an associated gear assembly. The gear

assemblies may sometimes be referred to as "reduction

gears" or "planetary gears".

A drive shaft having desired dimensions and

configuration may extend from the gear assembly opposite

from the motor. The drive shaft may be provided as part

of each motor and gear assembly set. The dimensions

and/or configuration of an associated housing may be

modified in accordance with teachings of the present

disclosure to accommodate various types of motors, gear

assemblies and/or drive shafts. For example, powered

drivers used with aspiration needles and/or biopsy

needles may include gear assemblies with larger

dimensions required to accommodate larger speed reduction

ratios, for example between 60:1 and 80:1, resulting in

slower drive shaft RPM. Powered drivers used to provide

intraosseous access during emergency medical procedures

may operate at a higher speed and may include gear

assemblies having a smaller speed reduction ratio, for

example between 10:1 and 30:1, resulting in higher drive



shaft RPM. For some applications, the difference in size

for gear assemblies may result in increasing the inside

diameter of an associated housing by approximately two to

three millimeters to accommodate larger gear assemblies

associated with powered drivers used to insert biopsy

needles and/or aspiration needles.

Distal end or first end 48 of housing 32 may include

opening 50 with portions of drive shaft 52 extending

therefrom. For some applications the portion of drive

shaft 52 extending from housing 32 may have a generally

pentagonal shaped cross section with tapered surfaces 54

disposed thereon. Tapered surfaces 54 may be disposed at

an angle of approximately three (3°) degrees with respect

to a longitudinal axis or rotational axis (not expressly

shown) associated with drive shaft 52. Relatively small

magnet 56 disposed on the extreme end of drive shaft 52

opposite from housing 32. Fittings and/or connectors

with various dimensions and/or configurations other than

drive shaft 52 and/or magnet 56 may also be

satisfactorily used with a powered driver incorporating

teachings of the present disclosure.

Intraosseous devices having corresponding tapered

openings or connector receptacles may be releasably

engaged with portions of drive shaft 52 extending from

housing 32. For example, portions of drive shaft 52

extending from distal end 48 may be releasably engaged

with tapered opening 186 in connector 180 as shown in

FIGURES 8A and 8B or tapered opening 156 in connector

receptacle 152 as shown in FIGURES 9 and 10.

For embodiments such as shown in FIGURES IA, IB and

3A, powered driver 30 may also include light 60 disposed



adjacent to trigger assembly 62. Electrical circuits and

associated wiring contacts may also be disposed within

housing 32 to supply electrical power to light 60.

Trigger assembly 62 may be used to activate electrical

circuits to provide electricity from rechargeable battery

34 to motor 44 and/or light 60. A block diagram showing

one example of such electrical circuits is shown in

FIGURE 2A.

A block diagram showing one example of electrical

circuits and other components which may be satisfactory

used with a powered driver incorporating teachings of the

present disclosure is shown in FIGURE 2A. Various

features of the present disclosure may be described with

respect to electrical system 400 as shown in FIGURE 2A.

Electrical system 400 may include various components such

as power supply or battery pack 34, charging contacts 40a

and 40b, motor 44, light 60 and/or enable switch 62.

Electrical system 400 may include a wide variety of

electrical circuits and electrical components including,

but not limited to, power supply status indicator 70 and

electrical charging circuit 410, voltage regulator 430

and variable speed controller 460. As previously noted,

power supply or battery pack 34 may include one or more

rechargeable batteries. Various types of nickel metal

hydride (NiMH) batteries may be used (particularly

lithium batteries) . Battery pack 34 may supply fourteen

(14) to eighteen (18) volts of direct current (DC) power.

However, a wide variety of chargeable and non-

rechargeable batteries may be satisfactorily used with

powered drivers incorporating teachings of the present

disclosure .



A wide variety of electrical circuits and/or

electronic indicators may be used with power supply

status indicator 70. Additional information concerning

such electrical circuits and displays may be described

with respect to various power supply status indicators as

shown in FIGURES 3B, 3C and 3D.

A wide variety of charging circuits, voltage

regulators and variable speed controllers may be

satisfactorily used with a powered driver incorporating

teachings of the present disclosure. Various examples of

such charging circuits, voltage regulators and/or

variable speed controllers are shown in FIGURES 2B and

2C. Various types of commercial available charging

circuits, voltage regulators and/or variable speed

controllers may be satisfactorily used with a powered

driver incorporating teachings of the present disclosure.

Various examples of commercially available

microcontrollers may be satisfactory for use with

variable speed controller 460. Variable resistor 600a as

shown in FIGURE 2B and variable resistor 600b as shown in

FIGURE 2C represents examples of mechanical devices

having slidable contacts which may be used to vary

current supplied to motor 44. A trigger assembly

incorporating teachings of the present disclosure may be

satisfactory used to move one or more of the electrical

contacts 602a or 602b.

Switch 62 may be provided to prevent inadvertent or

undesired activation of motor 44. Switch 62 may prevent

discharge of battery 34 when an associated powered device

is carried in a backpack and/or mobile storage container.

An associated button 72a may be disposed on exterior



portions of a housing to activate the variable speed

controller 460. Button 72a may be located at various

positions on the exterior of a housing associated with a

powered driver incorporating teachings of the present

disclosure as shown in FIGURES 5A-5C. A wide variety of

indicators including, but not limited to, light emitting

diodes (LED) , liquid crystal displays (LCD) and small

more conventional light bulbs may be satisfactorily used

with a powered driver according to teachings of the

present disclosure.

FIGURE 3A shows one example of a cradle which may be

used to recharge a powered driver in accordance with

teachings of the present disclosure. Cradles and/or

holders incorporating teachings of the present disclosure

may be fabricated from a wide variety of thermoplastic

and/or polymeric materials including, but not limited to,

polycarbonates. Such materials may be filled with glass

fibers or any other fibers satisfactory for use in

forming a cradle or holder operable to hold and/or

recharge a powered driver in accordance with teachings of

the present disclosure. Nylon filled with glass may be

used for some applications.

Materials used to form cradle 280 may be relatively

low cost but durable. Such materials may be relatively

stiff to secure a powered driver therein and may also

flex without breaking to allow inserting and removing a

powered driver at least five hundred (500) times.

Cradle 280 may have a length and width selected to

be compatible with exterior portions of housing 32 and

corresponding dimensions of powered driver 30. For some

applications first end 281 and second end 282 may have



generally rounded configurations. A notch (not expressly

shown) may also be formed in first end 281 to accommodate

portions of drive shaft 52. Various types of holders,

clamps or quick release mechanisms may be included as

part of cradle 280. For embodiments such as shown in

FIGURE 3A, cradle 280 may include a pair of arms 284

projecting from respective edges of cradle 280. Only one

arm 284 is shown in FIGURE 3A.

Arms 284 may be relatively strong with sufficient

flexibility to allow inserting and removing portions of

powered driver 30 from engagement with cradle 280. The

height of arms 284 relative to adjacent longitudinal

edges of cradle 280 may be based at least in part on the

corresponding dimensions of handle 36 and other portions

of housing 32. The spacing or gap formed between arms

284 may be selected to accommodate the width of handle

36. Respective rib 286 may be formed on the end of each

arm 284. The configuration of ribs 286 may be selected

to be compatible with a snug but releasable snap fit with

adjacent portions of handle 36.

For some applications walls or partitions 290 may be

formed adjacent to respective arms 294. Only one wall

290 is shown in FIGURE 3A. Partitions or walls 290 may

be spaced from each other a sufficient distance to

accommodate associated portions of housing 32 and may be

sized to prevent accidental activation of trigger

assembly 62.

End 282 of cradle 280 may be modified to include

electrical contact (not expressly shown) operable to

engage recharging contacts 40a and 40b. Electric power

cable 292 may also extend from end 282. Electrical power



cable 292 may be inserted into an appropriate electrical

outlet for use in recharging powered driver 30. A

plurality of lights 296, 298 and 300 may be provided on

exterior portions of cradle 300 to indicate the status of

rechargeable battery 34. For example light 296 may

indicate red when rechargeable battery 34 is discharged

below a desired level. Light 298 may be flashing yellow

to indicate that rechargeable battery 34 is being

recharged and/or discharged. Light 300 may be steady

green to indicate when rechargeable battery 34 has been

fully recharged. Lights 296, 298 and 300 may also

alternately blink or have a steady state condition.

Powered drive 30a as shown in FIGURE 3B may include

an indicator operable to indicate the status of a power

supply disposed within handle 36. For some embodiments

status indicator 70a may be disposed at proximal end or

second end 49a of powered driver 30a. A digital display

indicating the number of insertions available from a

power supply disposed within housing 32a may be provided

by indicator 70 at proximal end 49a of housing 32a. The

power supply may be any type of battery or other suitable

source of power.

An embodiment of the present disclosure is shown in

FIGURE 3C which includes status indicator 70b disposed on

second end or proximal end 49b of powered driver 30b.

Status indicator 70b may include digital indication 72

showing the number of insertions remaining in an

associated power source. In addition variable indicator

scale 74 may be provided to show the status of an

associated power source between fully charged and

recharge required. For example, variable indicator scale



74 may include a voltmeter, an amp meter, and/or any

other component operable to measure the status of an

associated power supply. As another example, variable

indicator scale 74 may be calibrated to display a

percentage of full charge and/or a number of insertions

remaining.

A further embodiment of the present disclosure is

shown in FIGURE 3D. For this embodiment lights 296, 298

and 300 may be disposed on proximal end or second end 49c

of powered driver 30c. Lights 296, 298 and 300 may

function as previously describe with respect to cradle

280.

FIGURES 7A and 7B show another embodiment of the

present disclosure including powered driver 33Oj disposed

within cradle 280a. Cradle 280a may include arms 284a as

described in relation to FIGURE 3b. Arms 284a may be

relatively strong with sufficient flexibility to allow

inserting and removing portions of powered driver 33Oj

from engagement with cradle 280a. The height of arms

284a relative to adjacent longitudinal edges of cradle

280a may be based at least in part on the corresponding

dimensions of handle 336 and other portions of housing

332. The spacing or gap formed between arms 284 may be

selected to accommodate the width of handle 336.

Powered drivers 3Od and 3Oe as shown in FIGURES 4A

and 4B show alternative locations for a light disposed on

a powered driver in accordance with teachings of the

present disclosure. Powered driver 3Od may include

substantially the same features as powered driver 30

except light 6Od may be disposed on housing segment 32b

opposite from trigger assembly 62. For embodiments such



as shown in FIGURE 4B light 6Oe may be disposed on distal

end or first end 48e of powered driver 3Oe. Light 6Oe

may extend approximately three hundred sixty degrees

(360°) around the perimeter of associated drive shaft 54.

A further embodiment of a rechargeable powered

driver incorporating teachings of the present disclosure

is shown in FIGURE 4C. For embodiments represented by

powered driver 3Of, cap 38f may be disposed on one end of

handle 36. Cap 38 may include opening 40 sized to

receive charging connection 130 attached to power cable

132. A wide variety of recharging connectors may be used

to provide power to cable 132.

FIGURES 6A and 6B show examples of a protective

covering 63 for trigger assembly 62 or switch assembly 62

of powered driver incorporating teachings of the present

disclosure. Housing 32 may be sealed to prevent blood,

other bodily fluids, and/or other contaminants from

reaching interior portions of housing 32 and components

disposed therein (e.g., battery 34, motor 44, and/or gear

assembly 46) . FIGURES 6A and 6B show protective covering

63a and 63b configured to seal with housing 32.

Protective covering 63a and 63b may be formed with an

elastomeric material chosen for resistance to wear,

electrical current, impermeability, and/or any other

characteristic sought as long as it allows operation of

switch assembly 62 by the user.

FIGURE 6C shows powered driver 33Oi incorporating an

impact device 44a associated with gearbox 46 and power

sensor circuit 600c. Impact device 44a may be configured

to operate in a similar manner to an impact wrench by

storing energy in a rotating mass then delivering it



suddenly to gearbox 46. In some embodiments, impact

device 44a will require less total power from power

supply 34.

Power sensor circuit 600c may detect current changes

between impact device 44a and power supply 34. In some

applications, current changes between impact device 44a

and power supply 34 may indicate bone penetration is

complete. Power sensor circuit 600c may be operable to

automatically reduce or cut power from power supply 34 to

impact device 44a once the associated intraosseous device

has penetrated the cortex of the bone.

An intraosseous device (10), sometimes referred to

as a penetrator assembly or IO needle set, may include an

outer penetrator such as a cannula, needle or hollow

drive bit which may be of various sizes. Needles may be

small (for pediatric patients), medium (for adults) and

large (for over-sized adults) . Penetrator, cannulas or

needles may be provided in various configurations

depending on the clinical purpose for needle insertion.

For example, there may be one configuration for

administering drugs and fluids and an alternate

configuration for sampling bone marrow or for other

diagnostic purposes although one needle configuration may

be suitable for both purposes. Needle configuration may

vary depending on the site chosen for insertion of a

needle .

A wide variety of trocars, spindles and/or shafts

may be disposed within a catheter or cannula during

insertion at a selected insertion site. Such trocars,

spindles and shafts may also be characterized as inner

penetrators. A catheter, cannula, hollow needle or



hollow drive bit may sometimes be characterized as an

outer penetrator.

For some applications a layer or coating (not

expressly shown) of an anticoagulant such as, but not

limited to, heparin may be placed on interior and/or

exterior portions of a catheter or cannula to prevent

thrombotic occlusion of the catheter or cannula.

Anticoagulants may reduce platelet adhesion to interior

surfaces of the catheter or cannula and may reduce

clotting time of blood flowing into and through the

catheter or cannula. Placing a layer of an anticoagulant

on exterior portions of a catheter or cannula adjacent to

an associated tip and/or side ports may be helpful to

prevent clotting.

Penetrator assembly 160 as shown in FIGURES 8A and

8B may include connector 180, and associated hub 200,

outer penetrator 210 and inner penetrator 220.

Penetrator assembly 160 may include an outer penetrator

such as a cannula, hollow tube or hollow drive bit and an

inner penetrator such as a stylet or trocar. Various

types of stylets and/or trocars may be disposed within an

outer penetrator. For some applications outer penetrator

or cannula 210 may be described as a generally elongated

tube sized to receive inner penetrator or stylet 220

therein. Portions of inner penetrator 220 may be

disposed within longitudinal passageway 184 extending

through outer penetrator 210. The outside diameter of

inner penetrator 220 and the inside diameter of

longitudinal passageway 184 may be selected such that

inner penetrator 220 may be slidably disposed within

outer penetrator 210.



Metallic disc 170 may be disposed within opening 186

for use in releasably attaching connector 180 with magnet

56 disposed on the end of drive shaft 52. End 223 of

inner penetrator 220 is preferably spaced from metallic

disc 170 with insulating or electrically nonconductive

material disposed therebetween.

Tip 211 of outer penetrator 210 and/or tip 222 of

inner penetrator 220 may be operable to penetrate bone

and associated bone marrow. The configuration of tips

211 and/or 222 may be selected to penetrate a bone or

other body cavities with minimal trauma. First end or

tip 222 of inner penetrator 220 may be trapezoid shaped

and may include one or more cutting surfaces. In one

embodiment outer penetrator 210 and inner penetrator 220

may be ground together as one unit during an associated

manufacturing process. Providing a matching fit allows

respective tips 211 and 222 to act as a single driving

unit which facilitates insertion and minimizes damage as

portions of penetrator assembly 160 are inserted into a

bone and associated bone marrow. Outer penetrator 210

and/or inner penetrator 220 may be formed from stainless

steel, titanium or other materials of suitable strength

and durability to penetrate bone.

Hub 200 may be used to stabilize penetrator assembly

160 during insertion of an associated penetrator into a

patient's skin, soft tissue and adjacent bone at a

selected insertion site. First end 201 of hub 200 may be

operable for releasable engagement or attachment with

associated connector 180. Second end 202 of hub 200 may

have a size and configuration compatible with an

associated insertion site for outer penetrator 210. The



combination of hub 200 with outer penetrator 210 may

sometimes be referred to as a "penetrator set" or

intraosseous needle.

Connector 180 and attached inner penetrator 220 may

be releasably engaged with each other by Luer type

fittings, threaded connections or other suitable fittings

formed on first end 201 of hub 200. Outer penetrator 210

extends from second end 202 of hub 200.

For some applications connector 180 may be described

as a generally cylindrical tube defined in part by first

end 181 and second end 182. The exterior of connector 180

may include an enlarged tapered portion adjacent to end

181. A plurality of longitudinal ridges 190 may be

formed on the exterior of connector 180 to allow an

operator to grasp associated penetrator assembly 160

during attachment with a drive shaft. See FIGURE IA.

Longitudinal ridges 190 also allow connector 180 to be

grasped for disengagement from hub 200 when outer

penetrator 210 has been inserted into a bone and

associated bone marrow.

Second end 182 of connector 180 may include opening

185 sized to receive first end 201 of hub 200 therein.

Threads 188 may be formed in opening 185 adjacent to

second end 182 of connector 180. Threaded fitting 188

may be used in releasably attaching connector 180 with

threaded fitting 208 adjacent to first end 201 of hub

200.

First end 201 of hub 200 may include a threaded

connector 208 or other suitable fittings formed on the

exterior thereof. First end 201 may have a generally

cylindrical pin type configuration compatible with



releasably engaging second end or box end 182 of

connector 180.

For some applications end 202 of hub 200 may have

the general configuration of a flange. Angular slot or

groove 204 sized to receive one end of protective cover

or needle cap 234 may be formed in end 202. Slot or

groove 204 may be used to releasable engage a needle

cover (not expressly shown) with penetrator assembly 160.

For some applications a penetrator assembly may

include only a single, hollow penetrator. For other

applications a penetrator assembly may include an outer

penetrator such as a cannula, hollow needle or hollow

drive bit and an inner penetrator such as a stylet,

trocar or other removable device disposed within the

outer penetrator. Penetrator 210 is one example of a

single, hollow penetrator.

The size of a penetrator may vary depending upon the

intended application for the associated penetrator

assembly. Penetrators may be relatively small for

pediatric patients, medium size for adults and large for

oversize adults. By way of example, a penetrator may

range in length from five (5) mm to thirty (30) mm. The

diameter of a penetrator may range from eighteen (18)

gauge to ten (10) gauge. The length and diameter of the

penetrator used in a particular application may depend on

the size of a bone to which the apparatus may be applied.

Penetrators may be provided in a wide variety of

configurations depending upon intended clinical purposes

for insertion of the associated penetrator. For example,

there may be one configuration for administering drugs

and/or fluids to a patient's bone marrow and an



alternative configuration for sampling bone marrow and/or

blood from a patient. Other configurations may be

appropriate for bone and/or tissue biopsy.

For some applications connector 180 may be described

as having a generally cylindrical configuration defined

in part by first end 181 and second end 182. SEE FIGURE

2B. Exterior portions of connector 180 may include an

enlarged tapered portion adjacent to end 181. A

plurality of longitudinal ridges 190 may be formed on the

exterior of connector 180 to allow an operator to grasp

associated penetrator assembly 160 during attachment with

a drive shaft. Longitudinal ridges 190 also allow

connector 180 to be grasped for disengagement from hub

200 when outer penetrator 210 has been inserted into a

bone and associated bone marrow.

First end 181 of connector of 180 may include

opening 186 sized to receive portions drive shaft 52

therein. A plurality of webs 136 may extend radially

outward from connector receptacle 186. Webs 136

cooperate with each other to form a plurality of openings

138 adjacent to first end 181. Opening 186 and openings

138 cooperate with each other to form portions of a

connector receptacle operable to receive respective

portions of connector 30 therein. FIGURES 9A and 9B show

isometric views of embodiments of connector 180a and hub

200a.

A wide variety of accessory tools and devices are

frequently carried by emergency medical service personnel

and/or first responders. Pump assembly 130 as shown in

FIGURE 10 represents an example of an accessory tool

which may be operated by a powered driver incorporating



teachings of the present disclosure. Pump assembly 130

may include housing 134 with connector receptacle 152

extending therefrom. Various components of pump assembly

130 (not expressly shown) may be disposed within housing

134 and rotatably attached with connector receptacle 152.

Inlet tubing 131 may be provided to communicate fluids

with interior portions of pump housing 134. Outlet

tubing 132 may be provided to direct fluids exiting from

pump assembly 130. Such fluids may be various types of

liquids associated with medical procedures. Such fluids

may include small particulate matter. Pump assembly 130

may sometimes function as a vacuum or suction pump for

such procedures.

First end 154 of connector receptacle 152 may

include opening 156 similar to opening 186 as described

with respect to connector 180. End 252 extending from

power driver 230a may be disposed within opening 156 to

rotate connector receptacle 152 and attached components

of pump assembly 130a. As a result, powered driver 230a

may be used to pump fluids from inlet 131 through pump

assembly 130a and outwardly from outlet 132.

Examples of acute and chronic conditions which may

be treated using powered drivers, intraosseous devices,

and procedures incorporating teachings of the present

disclosure include, but are not limited to, the

following:

Anaphylaxis (epinephrine, steroids, antihistamines,

fluids, and life support)

Arrhythmia (anti-arrhythmics, electrolyte balance,

life support) ;



Burns (fluid replacement, antibiotics, morphine for

pain control) ;

Cardiac arrest (epinephrine, atropine, amiodarone,

calcium, xylocaine, magnesium) ;

Congestive heart failure (life support, diuretics,

morphine, nitroglycerin) ;

Dehydration (emergency port for life support,

antibiotics, blood, electrolytes) ;

Diabetic Ketoacidosis (life support, electrolyte

control, fluid replacement) ;

Dialysis (emergency port for life support,

antibiotics, blood, electrolytes) ;

Drug overdose (naloxone, life support, electrolyte

correction) ;

Emphysema (life support, beta adrenergics,

steroids) ;

Hemophiliacs (life support, blood, fibrin products,

analgesics) ;

Osteomyelitis (antibiotics directly into the site of

infection, analgesics) ;

Pediatric applications (shock, dehydration,

nutrition, electrolyte correction) ;

Renal Failure (both acute and chronic kidney

failure, inability to purify blood) ;

Seizures (anti-seizure medications, life support,

fluid balance) ;

Shock (life support fluids, pressor agents,

antibiotics, steroids) ;

Sickle cell crisis (fluid, morphine for pain, blood,

antibiotics) ; and



Trauma (emergency port for life support fluids,

antibiotics, blood, electrolytes) .

Although the present disclosure and its advantages

have been described in detail, it should be understood

that various changes, substitutions and alternations can

be made herein without departing from the spirit and

scope of the disclosure as defined by the following

claims .



WHAT IS CLAIMED IS:

1 . An apparatus operable to insert an intraosseous

device into a bone and associated bone marrow comprising:

a housing with a drive shaft extending from an

opening in the housing;

the drive shaft operable to releasably engage the

intraosseous device;

a motor disposed within the housing and rotatably

engaged with the drive shaft;

a power supply and associated electrical circuit

operable to power the motor;

a light extending from the housing and connected

with the power supply; and

the light operable to illuminate an insertion site

for the intraosseous device.

2. The apparatus of Claim 1 wherein the

intraosseous device further comprises:

a penetrator assembly defined in part by a generally

hollow, elongated cannula; and

a removable inner trocar slidably disposed within

the cannula.

3 . The apparatus of Claim 1 further comprising:

a trigger extending from the housing;

the trigger operable to activate the motor to rotate

the drive shaft; and

the light disposed adjacent to the trigger.



4 . The apparatus of Claim 1 wherein the housing

further comprises:

a generally cylindrical portion with a handle

extending therefrom;

the drive shaft extending from one end of the

generally cylindrical portion;

the power supply disposed within the handle;

the light disposed on the cylindrical portion

adjacent to the one end of the cylindrical portion; and

the light spaced from the drive shaft.

5 . The apparatus of Claim 1 further comprising:

the drive shaft extending from one end of the

housing; and

a light surrounding portions of the drive shaft

extending from the housing.

6 . The apparatus of Claim 1 further comprising:

a handle attached to and extending from the housing;

at least one rechargeable battery disposed in the

handle;

a removable cap disposed on one end of the handle

opposite from the housing;

a pair of electrical contacts disposed in the cap;

and

the electrical contacts operable to connect the

rechargeable battery with a source of electrical power to

recharge the battery.



7. A powered driver operable to insert an

intraosseous device into a bone and associated bone

marrow comprising:

a housing having one end of a drive shaft extending

therefrom;

the one end of the drive shaft operable to

releasably engage the intraosseous device;

a motor disposed within the housing and rotatably

engaged with the drive shaft;

a power supply and electrical circuits operable to

power the motor;

a switch connected to the electrical circuits; and

the switch operable to activate the motor to rotate

the drive shaft.

8. The powered driver of Claim 7 further

comprising an impact mechanism operable to allow the

motor and an associated gearbox to function as an impact

wrench whereby the impact mechanism may reduce the amount

of power taken from the batteries during insertion of an

intraosseous device.

9 . The powered driver of Claim 7 further

comprising a power circuit sensor operable to detect

current changes indicating bone penetration by the

intraosseous device.

10. The powered driver of Claim 9 further

comprising the power circuit sensor operable to

automatically stop the driver once the intraosseous

device has penetrated a cortex of the bone.



11. The powered driver of Claim 7 further

comprising a portion of the housing operable to be placed

in a wall mounted charging system to provide a constant

charge to the power supply.

12 . The powered driver of Claim 7 further

comprising:

a plurality of indicator lights including a red

light operable to indicate low power levels in the power

source;

a yellow light operable to indicate satisfactory

insertion torque and/or pressure; and

a green light operable to indicate satisfactory

power available in the power source.

13. The powered driver of Claim 7 further

comprising a red indicator light operable to indicate

excessive torque and/or pressure on the drive shaft.

14. The powered driver of Claim 7 further

comprising a digital volt meter operable to indicate

percentage of power available in the power source and

number of insertions available without requiring

recharging or replacement of the power source.

15. The powered driver of Claim 7 further

comprising a digital amp meter operable to indicate

percentage of power available in the power source and

number of insertions available without requiring

recharging or replacement of the power source.



16. The powered driver of Claim 7 further

comprising the switch and the electrical circuits

operable to rotate the drive shaft at a first low speed

and a second higher speed.

17. The powered driver of Claim 7 further

comprising the switch and the electrical circuits

operable to vary the speed of rotation of the drive

shaft.

18. The powered driver of Claim 7 further

comprising a fiber optic cable extending from a light

emitting diode to a halo light disposed on one end of the

housing.

19. The powered driver of Claim 7 further

comprising:

a gear assembly rotatably attached to the motor;

a drive shaft extending from the gear assembly

opposite from the motor; and

the gear assembly operable to reduce rotation of the

motor by a ratio between approximately sixty to one and

eighty to one.

20. Apparatus operable to insert an intraosseous

device into a bone and associated bone marrow and to

assist with other medical procedures comprising:

a powered driver having a housing with one end of a

drive shaft extending therefrom;

the one end of the drive shaft operable to

releasably engage the intraosseous device;



a motor disposed within the housing and rotatably

engaged with the drive shaft;

a power supply and electrical circuits operable to

power the motor;

a switch connected to the electrical circuits; the

switch operable to activate the motor to rotate the drill

shaft; and

a suction pump having a connector operable to be

releasably engaged with the one the drive shaft whereby

the powered driver may operate the pump.
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