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CLAIMS

[Claim 1] A apparatus to inject medical liquid comprising:

a housing;

a syringe barrel with a fitting at the closed end, the syringe attached to the housing; a

plunger including a lead screw, the plunger disposed in the syringe barrel

a mechanism to drive the lead screw toward the closed end of the syringe barrel; an

electric motor to drive the mechanism;

a controller that controls the electric motor speed; and

a pressure sensor mounted in the housing and configured to measure the pressure of

liquid in the syringe barrel, wherein the controller varies the electric motor speed based

on a pressure signal received from the pressure sensor.

[Claim 2] The apparatus of claim 1, wherein the pressure sensor is mounted to sense

pressure in a tube downstream of the syringe.

[Claim 3] The apparatus of claim 1, wherein the pressure sensor is mounted in front

of the syringe barrel to sense an axial force applied by plunger on the liquid in the barrel.

[Claim 4] The apparatus of claim 3, wherein the controller detects an occlusion

when the pressure signal exceeds a predetermined value.

[Claim 5] The apparatus of claim 3, wherein the controller monitors a parameter of

the electric motor and the controller declares an end of stroke based on the motor

parameter and the pressure signal.

[Claim 6] The apparatus of claim 5, wherein the controller reverses the electric

motor when an end of stroke is declared, the controller continues to run the electric motor

in reverse until the pressure signal drops below a predetermined value.
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[Claim 7] The apparatus of claim 4, wherein the controller reverses the electric

motor an occlusion is detected, the controller continues to run the electric motor in

reverse until the pressure signal drops below a predetermined value.

[Claim 8] A method to deliver a volume of a cells mixture to an organ in vivo with a

disposable syringe pump including a syringe barrel fluidly connected to an insertion

needle, a plunger including a lead screw, a mechanism to drive the lead screw, an electric

motor to drive the mechanism, a controller and pressure sensor, the method comprising

the steps of:

positioning the distal end of the insertion needle in the organ;

receiving a user input to deliver the cellular mixture;

driving the electric motor at a first speed

receiving a signal from the pressure sensor;

driving the electric motor at a second speed after the signal from the pressure sensor

exceeds a first predetermined value;

monitor the number of rotation of an element in the mechanism;

determine the delivered volume of cellular mixture;

stopping the electric motor when the delivered volume exceed a predetermined volume;

and

reversing the electric motor until the pressure signal drops below a second predetermined

value.

[Claim 9] The method of claim 8 wherein the user input is a signal from a switch or

trigger and the method further comprising the steps of:

monitoring the user input signal;

stopping the electric motor, when less than the predetermined volume has been delivered

and the user signal ends provided ; and

restarting the electric motor when the user signal restarts.

[Claim 10] The method of claim 8 wherein the user input is a signal from a switch or

trigger and the method further comprising the steps of:

ending the user input after the predetermined volume is delivered;

reinitiating the user input; and
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delivering a second predetermined volume of the cellular mixture.

[Claim 11] A apparatus to inject medical liquid comprising:

a housing;

a syringe barrel with a fitting at the closed end, the syringe attached to the housing; a

plunger including a lead screw, the plunger disposed in the syringe barrel

a mechanism to drive the lead screw toward the closed end of the syringe barrel; an

electric motor to drive the mechanism;

a pressure sensor configured to measure a pressure characteristic of a medical liquid

pressure in the syringe barrel or a line fluidly connected to the syringe barrel;

a rotation sensor configured to measure the rotations of an element of the mechanism;

and

a controller, wherein the controller determines the volume of medical liquid injected

based on a pressure value and the number of rotations measured the rotations sensor.

[Claim 12] The apparatus of claim 11, wherein controller is configured to slow the

electric motor after the pressure signal exceed a predetermined pressure and the

controller calculates the volume of fluid injected based on the predetermined pressure.

[Claim 13] The apparatus of claim 11, wherein controller calculates the volume of

fluid injected based on the average pressure during the previous injection of a

predetermined volume of medical liquid.

[Claim 14] The apparatus of claim 12 wherein the predetermined pressure is 800

mmHg.

[Claim 15] The apparatus of claim 11, wherein the pressure sensor is mounted to

sense pressure in a tube downstream of the syringe.

[Claim 16] The apparatus of claim 11, wherein the pressure sensor is mounted in front

of the syringe barrel to sense an axial force applied by plunger on the liquid in the barrel.
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[Claim 17] A method for injecting an aliquot of material into an organ using a

handheld injection apparatus, the handheld injection apparatus including a delivery

component operably coupled with a delivery mechanism, the method comprising:

filling the delivery component with the aliquot;

activating the delivery mechanism;

delivering, by the delivery mechanism, a pre-selected volume of the aliquot at a

preselected rate; and

detecting a status of the injection apparatus.

[Claim 18] The method as in claim 17 wherein the delivery component comprises:

an aliquot container;

an organ penetration device; and

a plunger operably coupled with the aliquot container, the plunger pushing the aliquot

towards the organ through the aliquot container into the organ penetration device.

[Claim 19] The method as in claim 17 wherein the delivery component comprises:

a disposable component.

[Claim 20] The method as in claim 17 wherein the delivery component comprises:

a durable component.

[Claim 21] The method as in claim 17 wherein the delivery mechanism comprises:

a spring;

a plunger component of the delivery component; and

a lead screw pushing the plunger component when the spring is released.

[Claim 22] The method as in claim 17 wherein the delivery mechanism comprises:

a lead screw;

a motor; and

a gear train driven by the motor, the gear train driving the lead screw, the lead screw

activating the delivery component.

[Claim 23] The method as in claim 17 further comprising:
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detecting the status of the aliquot.

[Claim 24] The method as in claim 17 further comprising:

detecting characteristics of the aliquot.

[Claim 25] The method as in claim 17 wherein the delivery mechanism comprises:

a mechanical component.

[Claim 26] The method as in claim 17 wherein the delivery mechanism comprises:

an electromechanical component.

[Claim 27] The method as in claim 17 wherein the injection apparatus comprises:

a mechanical delivery component operably coupled with an electromechanical delivery

mechanism.

[Claim 28] The method as in claim 17 wherein the injection apparatus comprises:

a purely mechanical delivery component operably coupled with a mechanical delivery

mechanism.

[Claim 29] The method as in claim 17 wherein activating the delivery mechanism

comprises:

winding a spring, the spring being operably coupled with the delivery mechanism.

[Claim 30] The method as in claim 17 wherein activating the delivery mechanism

comprises:

depressing a trigger, the trigger being operably coupled with a motor, the motor being

operably coupled with the delivery mechanism.

[Claim 31] The method as in claim 17 wherein delivering the aliquot comprises:

driving the delivery mechanism forward to deliver the aliquot.

[Claim 32] The method as in claim 17 wherein detecting the status of the injection

apparatus comprises:
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raising a first alert if the status of the delivery mechanism meets at least one first

preselected criterion;

ceasing delivery of the aliquot; and

driving the delivery mechanism in reverse.

[Claim 33] The method as in claim 17 wherein detecting the status of the injection

apparatus comprises:

raising a second alert if a rate of delivery of the aliquot meets at least one second

preselected criterion; and

driving the delivery mechanism in reverse.

[Claim 34] The method as in claim 17 wherein detecting the status of the injection

apparatus comprises:

raising a third alert if a pressure of the aliquot meets at least one third pre-selected

criterion; and stopping the delivery mechanism.

[Claim 35] The method as in claim 17 wherein detecting the status of the injection

apparatus comprises:

activating indicator lights when at least one fourth pre-selected criterion is met.

[Claim 36] A handheld injection apparatus for injecting an aliquot of material into an

organ comprising:

a delivery mechanism; and

a delivery component operably coupled with the delivery mechanism, the delivery

component including a container configured to hold the aliquot,

wherein the delivery mechanism activates the delivery component to deliver a

preselected volume of the aliquot to the organ at a pre-selected rate.

[Claim 37] The handheld injection apparatus as in claim 36 wherein the material

comprises:

cell therapy.
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[Claim 38] The handheld injection apparatus as in claim 36 wherein the material

comprises:

at least one medication.

[Claim 39] The handheld injection apparatus as in claim 36 wherein the material

comprises:

at least one drug.

[Claim 40] The handheld injection apparatus as in claim 36 wherein the organ

comprises:

a kidney.

[Claim 41] The handheld injection apparatus as in claim 36 wherein the organ

comprises:

a liver.

[Claim 42] The handheld injection apparatus as in claim 36 wherein the delivery

component comprises:

an organ penetration device; and

a plunger operably coupled with the container, the plunger pushing the aliquot towards

the organ through the container into the organ penetration device.

[Claim 43] The handheld injection apparatus as in claim 36 comprising:

at least one disposable component.

[Claim 44] The handheld injection apparatus as in claim 36 comprising:

at least one durable component.

[Claim 45] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

a spring;

a plunger component of the delivery component; and

a lead screw pushing the plunger component when the spring is released.
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[Claim 46] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

a lead screw;

a motor; and

a gear train driven by the motor, the gear train driving the lead screw, the lead screw

activating the delivery component.

[Claim 47] The handheld injection apparatus as in claim 36 comprises:

at least one sensor configured to detect at least one characteristic of the aliquot; and at

least one processor configured to control the handheld injection apparatus based at least

on the at least one characteristic.

[Claim 48] The handheld injection apparatus as in claim 36 comprises:

at least one sensor configured to detect at least one status value of the handheld injection

device; and

at least one processor configured to control the handheld injection apparatus based at

least on the at least one status value.

[Claim 49] The handheld injection apparatus as in claim 36 comprises:

at least one sensor configured to detect at least one status value of the handheld injection

device; and

at least one processor configured to report the at least one status to a user.

[Claim 50] The handheld injection apparatus as in claim 36 comprises:

at least one sensor configured to detect at least one status value of the handheld injection

device; and

at least one processor configured to log the at least one status.

[Claim 51] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

an electromechanical component.
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[Claim 52] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

a purely mechanical component.

[Claim 53] The handheld injection apparatus as in claim 36 wherein the handheld

injection apparatus comprises:

a mechanical delivery component operably coupled with an electromechanical delivery

mechanism.

[Claim 54] The handheld injection apparatus as in claim 36 wherein the handheld

injection apparatus comprises:

a mechanical delivery component operably coupled with a mechanical delivery

mechanism.

[Claim 55] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

a spring, the spring being operably coupled with the delivery mechanism, the spring

being configured to activate the delivery mechanism.

[Claim 56] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

a motor operably coupled with the delivery mechanism; and

a trigger, the trigger being operably coupled with the motor.

[Claim 57] The handheld injection apparatus as in claim 36 wherein the delivery

mechanism comprises:

being configured to be driven forward to deliver the aliquot.

[Claim 58] The handheld injection apparatus as in claim 36 further comprising:

a status of the handheld injection apparatus; and

an alert system raising a first alert if the status of the handheld injection apparatus meets

at least one first pre-selected criterion and driving the delivery mechanism in reverse.
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[Claim 59] The handheld injection apparatus as in claim 36 further comprising:

a status of the handheld injection apparatus; and

an alert system raising a second alert if a rate of delivery of the aliquot meets at least one

second pre-selected criterion and driving the delivery mechanism in reverse.

[Claim 60] The handheld injection apparatus as in claim 36 further comprising:

a status of the handheld injection apparatus; and

an alert system raising a third alert if a pressure of the aliquot meets at least one third

preselected criterion and stopping the delivery mechanism.

[Claim 61] The handheld injection apparatus as in claim 36 further comprising:

a status of the handheld injection apparatus; and

an alert system activating indicator lights when at least one fourth pre-selected criterion

is met.

[Claim 62] The handheld injection apparatus as in claim 36 further comprising:

at least one pressure sensor configured to detect pressure of the aliquot.

[Claim 63] The handheld injection apparatus as in claim 36 further comprising:

at least one pressure sensor integrated with the delivery mechanism, the at least one

pressure sensor configured to detect pressure of the aliquot.

[Claim 64] An organ injection device for injecting substance into organs comprising:

a motor;

an activation means configured to activate the motor;

a delivery mechanism configured to deliver the substance;

an energy transfer mechanism configured to transfer the energy generated by the motor to

the delivery mechanism;

a controller configured to control the energy transfer mechanism; and

at least one sensor configured to provide data about the motor and the delivery

mechanism to the controller.

[Claim 65] The injection device as in claim 64 further comprising:



56

a stop mechanism configured to inhibit the delivery mechanism from delivering the

substance.

[Claim 66] The injection device as in claim 64 comprising:

an energy storage means configured to power the motor.

[Claim 67] The injection device as in claim 64 comprising:

a monitor configured to provide information about the controller.

[Claim 68] The injection device as in claim 64 wherein the controller comprises:

an electromagnetic controller configured to control the speed of the motor.

[Claim 69] The injection device as in claim 64 comprising:

a brake configured to stop the delivery mechanism.

[Claim 70] The injection device as in claim 64 comprising:

a charging means configured to charge the energy storage means.

[Claim 71] A mechanical injector for injecting substance into an organ, the cell

injector comprising:

a delivery mechanism;

a trigger; and

an activation mechanism configured to move the substance in the delivery mechanism

into the organ when the trigger is engaged.

[Claim 72] The mechanical injector as in claim 71 comprising:

a protective casing configured to enclose the injection device.

[Claim 73] The mechanical injector as in claim 72 wherein the protective casing

comprises:

a plurality of interconnecting sections.
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[Claim 74] The mechanical injector as in claim 72 wherein the protective casing

comprises:

a single section.

[Claim 75] The mechanical injector as in claim 72 wherein the protective casing

comprises:

a body lid;

a body upper operably coupled with the body lid;

a mid body operably coupled with the body upper; and

a handle casing operably coupled with the mid body.

[Claim 76] The mechanical injector as in claim 75 wherein the handle casing

comprises:

a left side handle casing; and

a right side handle casing operably coupled with the left side handle casing.

[Claim 77] The mechanical injector as in claim 71 wherein the activation mechanism

comprises:

a spring-wound apparatus with a timing escapement driving the delivery mechanism, the

trigger controlling when the spring-wound apparatus is released to drive the delivery

mechanism.

[Claim 78] The mechanical injector as in claim 77 wherein the delivery mechanism

comprises:

a syringe plunger; and

a lead screw operably coupled with and driving the syringe plunger.

[Claim 79] The mechanical injector as in claim 71 comprising:

at least one sensor associated with the delivery mechanism, the at least one sensor

configured to detect changes in characteristics of the delivery mechanism.

[Claim 80] The mechanical injector as in claim 77 wherein the delivery mechanism

comprises:
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a lead screw;

a syringe stopper operably coupled with the lead screw; and

an axially stable drive nut configured to drive the lead screw into a syringe plunger by

rotating in place, the lead screw configured to be rotationally stable and translating

forward.

[Claim 81] The mechanical injector as in claim 80 wherein the drive nut comprises:

gear teeth around its exterior, the drive nut being operably coupled with a drive shaft via

a gear train, the drive shaft operably coupled with a torque drum assembly, the torque

drum assembly being wound with a spring, the spring configured with multiple turns to

provide constant torque output from each of the multiple turns,

wherein the great train is configured to be geared up or geared down to meet a

preselected number of drive nut turns per volume of a stroke at the syringe plunger, and

wherein the drive shaft is operably coupled to a timing mechanism ensuring that the drive

shaft rotates at a fixed rate.

[Claim 82] The mechanical injector as in claim 81 wherein the timing mechanism

comprises:

a static rate.

[Claim 83] The mechanical injector as in claim 81 wherein the timing mechanism

comprises:

a gear shift configured to alter which gears connect to the drive shaft, enabling multiple

fixed rates of delivery.

[Claim 84] The mechanical injector as in claim 80 wherein the trigger comprises:

a spring-loaded mechanism that, at rest, pushes a wedge into teeth of the drive nut

preventing rotation of the drive nut, the trigger, when depressed, pulling the wedge from

the teeth without unwinding the spring-loaded mechanism.

[Claim 85] The mechanical injector as in claim 84 further comprising:

a turning device configured to rewind the spring-loaded mechanism after a pre-selected

number of aliquots of the substance have been delivered.
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[Claim 86] The mechanical injector as in claim 80 wherein the turning device

comprises:

a ratcheting lever.

[Claim 87] The mechanical injector as in claim 80 wherein the turning device

comprises:

a linear slide with a gear rack configured to engage with a bevel gear on the drive shaft.

[Claim 88] The mechanical injector as in claim 71 further comprising:

at least one sensor configured to monitor characteristics of the injector as sensor data;

and at least one processor configured to receive the sensor data from at least one sensor,

the at least one processor configured to store a buffer of the characteristics from a pre-

selected amount of time at a pre-selected sampling rate, the at least one processor

configured to compare values of the sensor data gathered at a first time to the values of

the sensor data gathered at a second time different from the first time by the pre-selected

amount of time, the at least one processor monitoring changes in the characteristics

indicating that the delivery mechanism is incorrectly positioned, the at least one

processor configured to raise an alert based on the changes in the characteristics.

[Claim 89] The mechanical injector as in claim 71 further comprising:

a delivery mechanism restraint configured to secure the delivery mechanism against

movement when under pressure by the activation mechanism.

[Claim 90] The mechanical injector as in claim 81 wherein the torque drum assembly

comprises:

a torque drum; and

a storage drum configured to hold a spring,

wherein the activation mechanism is configured to be charged by rotating the torque

drum and coiling the spring onto the torque drum.

[Claim 91] The mechanical injector as in claim 90 wherein the activation mechanism

comprises:
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a movable assembly including

a bolt rail;

a ball knob configured to slide along the bolt rail;

a primary pulley and a secondary pulley;

a pulley belt operably coupling the primary pulley and the secondary pulley, wherein the

ball knob, the primary pulley, the secondary pulley, and the pulley belt operate

cooperatively with the storage drum to charge the activation mechanism.

[Claim 92] The mechanical injector as in claim 90 wherein the activation mechanism

comprises:

a slanted beam;

a rotating arm including a tooth; and

at least one torsion spring configured to hold the rotating arm at a center of a swing arc,

wherein, when an aliquot is completed, the tooth contacts the slanted beam, the slanted

beam pushing the rotating arm to compress one of the at least one torsion spring.

[Claim 93] The mechanical injector as in claim 71 wherein the activation mechanism

comprises:

drawing a vacuum in the delivery mechanism, the vacuum pulling the substance into the

delivery mechanism.

[Claim 94] The organ injection device as in claim 64 further comprising:

a case configured to protect the motor, the activation means, the delivery mechanism, the

energy transfer mechanism, the at least one sensor, and the controller from

microcontaminants.

[Claim 95] The organ injection device as in claim 64 further comprising:

a case configured to protect the motor, the activation means, the delivery mechanism, the

energy transfer mechanism, the at least one sensor, and the controller from

macrocontaminants.

[Claim 96] The organ injection device as in claim 64 further comprising:
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a delivery mechanism case configured to protect the delivery mechanism from

environmental contaminants.

[Claim 97] The organ injection device as in claim 64 further comprising:

a directional switch configured to enable multi-directional operation of the organ

injection device.

[Claim 98] The organ injection device as in claim 64 further comprising:

at least one status indicator.

[Claim 99] The organ injection device as in claim 88 wherein the at least one status

indicator comprises:

a delivery mechanism status indicator configured to provide a status of the delivery

mechanism.

[Claim 100] The organ injection device as in claim 98 wherein the at least one status

indicator comprises:

a moving pattern of lights activated when the activation means is enabled.

[Claim 101] The organ injection device as in claim 64 further comprising:

a first speed of the motor, the motor operating at the first speed when beginning to

dispense the substance;

a second speed of the motor, the motor operating at the second speed after the substance

has begun to be dispensed; and

a third speed of the motor, the motor operating at the third speed after at least one

preselected condition has been met.


