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DRUG INFUSION WITH PRESSURE SENSING 
AND NON-CONTINUOUS FLOW FOR IDENTIFICATION OF 
AND INJECTION INTO FLUID-FILLED ANATOMIC SPACES 

FIELD AND BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to improvements to the 

delivery of drugs, particularly to systems for subcutaneous 

injection/aspiration into a fluid filled space of the body. More specifically 

the invention provides a method and device to identify a fluid-filled tissue 

space of the body by stopping fluid flow based on a predetermined 

pressure measurement and resuming fluid flow once the pressure drops 

below a predetermined pressure measurement. 

[0002] A regional anesthesia block of epidural tissue-space is 

understood to produce effective transient anesthesia of the lower 

extremities of the body. It can be effectively used for a vast number of 

invasive procedures of the body, including but not limited to child birth, 

prosthetic hip replacement and a variety of other surgical procedures 

where anesthesia below the waist is required. It can also be effectively 

used for treatment of chronic and acute pain including, for example, 

"back-pain," ailments of the vertebrae and, compression of the 

accessory nerves of the spinal column. To achieve effective regional 

anesthesia and to block nerve transmission to the CNS an adequate 

volume of a local anesthetic solution must be deposited in close 

proximity to the spinal cord at a particular level of the vertebral column 
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within the anatomic site known as the epidural "space." 

[0003] The epidural space is that part of the vertebral canal not occupied 

by the dura mater and its contents. It lies between the dura and the 

periosteum lining the inside of the vertebral canal. It extends from the 

foramen magnum to the sacral hiatus. The anterior and posterior nerve 

roots in their dural covering pass across the epidural space to unite in 

the intervertebral bodies, and the intravertebral discs. Laterally, the 

epidural space is bordered by the periosteum of the vertebral pedicles, 

and the intervertebral foramina. Posteriorly, the bordering structures are 

the periosteum of the anterior surface of the laminae, the articular 

processes and their connecting ligaments, the periosteum of the root of 

the spines, and the interlaminar spaces filled by the ligamentum flavum. 

The space contains venous plexuses and fatty tissue which is 

continuous with the fat in the paravertebral space. 

[0004] The epidural fluid filled space (posterior epidural space) is a 

limited anatomic area with an irregular shape measuring in several 

square millimeters with respect to cross section of the vertebrae and 

spinal column. The fluid filled space is very narrow and is associated 

closely with the dura of the spinal column with the ligamentum flavum 

closely adjacent. The fluid filled space therefore has to be clearly 

identified when the bevel or point of the needle exits the ligamentum 

flavum, as the dura will be punctured if the needle continues to 

penetrate. The standard technique for locating the epidural fluid filled 

space employs the "loss-of-resistance" technique. This technique 

utilizes a low-friction syringe made of plastic or glass connected to an 

epidural Touhly needle (16 to 18 gauge). 

[0005] The block can be performed with the patient either in the sitting 
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or lateral decubitus position. The patient should be encouraged to adapt 

a curled up position, as this tends to open the spaces between the 

spinous processes and facilitates the identification of the intervertebral 

spaces. Epidural injections can be sited at any level along the lumbar 

and thoracic spine, enabling its use in procedures ranging from thoracic 

surgery to lower limb procedures. 

[0006] The clinician palpates the vertebral column at the appropriate 

level of the vertebral column between vertebrae. Local anesthesia is 

placed within the superficial tissues rendering the tissues of the area to 

be locally anesthetized. The dermis is then punctured using the Touhly 

needle and the needle is advanced while the clinician simultaneously 

applies pressure on the plunger of the syringe. The pressure on the 

plunger will unintentionally result in an amount of fluid continuously 

exiting out of the needle within the tissues. 

[0007] Insertion of the epidural needle continues and advances through 

the supraspinous ligament, with the needle pointing in a slightly cephalad 

direction. The needle is advanced into the interspinous ligament, which 

is encountered at a depth of 2-3 cm, until the subjective sensation of 

increased resistance is felt as the needle passes into the ligamentum 

flavum. The needle is further advanced until the subjective "feel" of 

resistance by the clinician results in a distinct "back-pressure" on the 

plunger. The clinician must subjectively differentiate the "back-pressure" 

or resistance encountered to identify the location of the anatomic 

structure of the ligamentum flavum. The epidural fluid filled space is 

entered by the tip of the needle after it passes through the ligamentum 

flavum. 

[0008] A known deficiency of this technique is loss of fluid into the 
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tissues when the tip of the needle is in the interspinous ligament as the 

tissues there are not particularly dense. 

[0009] The movement of the Touhly needle from penetration of the 

dermis to identification of the ligamentum flavum can vary from greatly 

in depth depending on the patient's physical size. Overweight patients 

present a greater challenge, and with the morbidly obese patient it may 

not be a suitable technique because of the limitations of subjective 

nature of this technique. Age appears to be an additional complicating 

factor because of the challenge presented by the reduced size of the 

anatomy of the epidural tissue-space. Small children are often subject 

to the more dangerous procedure of general anesthesia as a result. 

[0010] Unfortunately, if the epidural procedure is not performed properly 

additional fluid is injected within the tissues indiscriminately while trying 

to determine the location of the fluid-filled epidural space. The additional 

fluid released into these tissues can further complicate the identification 

of the fluid-filled space. 

[0011] Additionally, if the Touhly needle moves once the epidural space 

has been located, either by removal of the syringe or inadvertent 

movement of the patient or doctor's hand, the needle can either be 

unknowingly moved outside the epidural tissue-space or at worst 

advanced into dura of the spinal cord producing what is termed a 

"wet-tap", which can have a dangerous long-term consequences to the 

patient. Even if the epidural space was initially properly located, if the 

needle further advances during the injection of the anesthetic solution it 

may deposit a bolus of anesthetic solution into the spinal cord resulting 

in transient or permanent nerve damage. 
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[0012] Infusion pumps devices and systems are well known in the 

medical arts, for use in delivery or dispensing a prescribed medication 

to a patient. Several attempts have been made to adapt these devices 

for the administration of an epidural injection. 

[0013] Prior art references are known which attempt to utilize a pressure 

transducer to measure the pressure within the syringe (see U.S. Patent 

5,295,967 to Rondelet et al.). A major deficiency of these systems is 

their inability to adjust the flow rate and/or pressure of the fluid to 

compensate for changes in resistance throughout the system. 

[0014] U.S. Patent 7,922,689 to Lechner discloses a device for locating 

an anatomic cavity that rely on an alarm (i.e. audible or visual warning 

signal) requiring the operator to manually modulate the drug delivery 

system during an injection procedure. This device requires the 

continuous flow of fluid to identify the epidural tissues similar to the 

"loss-of-resistance" manual syringe technique. In addition, it relies upon 

a relative audible change related a pressure drop to identify the epidural 

tissues. The device requires subjective interpretation of events to which 

the operator must respond. Furthermore, the device provides 

continuous injection fluid delivery and attempts to generate a sufficient 

pressure to do so via an automatic syringe pump device. The device 

does not, however, provide a means for automatically controlling the 

injection pressure of fluid delivery or for aspiration of drug delivery during 

use. Thus, the device of U.S. Patent 7,922,689 maintains injection flow 

rate despite excess fluid pressure that may result in pain and/or tissue 

damage. 

[0015] The concept of using pressure as a metric to perform a safe and 

effective epidural injection has been well documented in the medical 
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literature. Pressure has been used to identify the epidural space and the 

importance of pressure within the epidural space has been described by 

a number of researchers over the years utilizing a variety of experimental 

set-ups. Usubiaga and co-workers discussed the relationship of 

pressure and the epidural space while performing an injection into the 

epidural space and tissues (Anesth. Analg., 46: 440-446, 1967). 

Husenmeyer and White described the lumbar epidural injection 

technique and relationship of pressure of during injection in pregnant 

patients (Br. J. Anaesth., 52:55-59,1980). Other investigators, including 

Paul and Wildsmith (Br. J. Anaesth., 62:368-372,1989) and Hirabayashi 

et al. (Br. J. Anaesth., 1990 65:508-513), also evaluated the 

relationships between pressure and the effects of resistance on the 

administration of an epidural injection. Lakshmi Vas and co-workers 

have extended these principles into the area of pediatric medicine 

(Pediatric. Anesth. 11:575-583, 2001). Lechner and co-workers 

described a system for manual manipulation epidural injections based 

on pressure feedback (Anesthesia, 57:768-772, 2002; Anesth. Analg. 

96:1183-1187, 2002; Euro. J. Anaestheol. 21:694-699, 2004). 

[0016] The invention herein described improves the reliability and safety 

of epidural injection administration by limiting the fluid required to identify 

the epidural space. It also improves upon prior techniques by providing 

a predetermined pressure limit and a predetermined resumption of fluid 

flow below said pressure limit. Additionally, audible and/or visual signal 

information is provided when the system resumes fluid flow thereby 

detecting needle entry into the fluid filled space of epidural region. 

[0017] U.S. Patent 6,200,289 to Hochman et al., co-invented by the 

inventor of the subject application and incorporated herein by reference, 

discloses an automatic injection device that includes a drive mechanism 
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that causes a therapeutic fluid to flow from a cartridge supported by a 

cartridge holder, a tube and a handle with an injection needle. The drive 

mechanism is connected to an electric motor and a sensor positioned at 

the motor output that measures the force applied by the motor to the 

drive mechanism. This force is then used to determine an internal 

characteristic such as a force or internal pressure generated during the 

injection process. This characteristic is then used as a control 

parameter by a microprocessor or controller which generates 

corresponding commands to the drive mechanism. In a particularly 

advantageous embodiment, the characteristic is used to calculate an exit 

pressure at which fluid is ejected by the device through an elongated 

tube. The electric motor is then operated in such a manner that the exit 

pressure is maintained at a predetermined level to insure that a patient 

does not suffer pain and/or tissue damage. 

[0018] Published patent application US2011/0120566 to Ohmi et al. is 

from the non-analogous field of non-biological fluid supply methods for 

semiconductor manufacturing, chemical industrial and medical industrial 

facilities. The reference is sited, however, for its teaching of 

discontinuous switching of fluid flow rate using a pressure type flow rate 

control device. The probing of anatomic space is not contemplated and 

the person skilled in the art of designing medial treatment apparatuses 

and methods would not look to this non-analogous art for guidance. 

[0019] Published patent application US2011/0301500 to Maguire et al. 

discloses an automated vessel puncture device using three-dimensional 

near infrared imaging and a robotically driven needle to providing 

simultaneous real-time diagnostic assays. It teaches that venipuncture 

is the process of obtaining a sample of venous blood for purposes of 

performing various tests. Samples are obtained manually from a vein or 
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organ that is close to the surface of the skin by trained personnel, but 

there are problems inherent with these processes. This reference uses 

infrared imaging and a robotically driven needle to address the problem 

but does not use fluid pressure values to help indication the presence of 

vein or organ. Although pressure is mentioned, this refers to mechanical 

pressure resisting the movement of the mechanically driven needle to 

avert injury to the patient, not to fluid pressure in the needle. 

[0020] Also see published U.S. patent application US2006/0122555 to 

Hochman, incorporated herein by reference, which discloses an in-line 

fluid pressure sensor between a syringe and tubing connected to a 

needle for injecting the fluid. 

[0021 ] Other patents that disclose the use of a mechanical biasing force 

(rather than a transducer) to locate and control the flow of a fluid are 

U.S. Patents 8,197,443 and 8,137,312 for detection apparatuses and 

methods. 

[0022] Also see U.S. Patent 8,142,414 for methods of injecting fluids into 

joints using a handpiece assembly, U.S. Patent 8,079,976 for an 

articular injection system and published patent application 

US2006/0122555 for a drug infusion device for neural axial and 

peripheral nerve tissue identification using exit pressure sensing. 

[0023] Additional more recent work of Lechner is also disclosed in his 

patent applications US2012/0101410 for unit, assembly, device and 

method for testing a sensor means provided in a medical localization 

device and US2012/0022407 for device for locating a structure inside a 

body. 
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[0024] A need remains for an apparatus and method that can accurately 

guide the insertion of a needle into a fluid-filled anatomic space having 

a lower pressure than its surrounding tissues, such as the epidural space 

near the spine, the intra-articular space in joints, fluid filled vessels of the 

body, and which apparatus and method can control both injection of fluid 

into and aspiration of fluid from the epidural space, and which apparatus 

and method further address the need for maintaining a sterile field and 

sterile conditions. 

SUMMARY OF THE INVENTION 

[0025] It is an object of the present invention to provide a method and 

apparatus or device that enables the practitioner to accurately and 

reproducibly administer an injection to a patient in a desired fluid-filled 

tissue location. The device and method limit the amount of pain and 

tissue damage associated with the injection, the risk of complication from 

a misplaced injection, and, of critical importance, significantly reduce the 

amount of injection fluid that is administered to non-target tissues. The 

device utilizes the inherent differences in tissue density or resistance of 

fluid-filled tissue space and associated pressures which are significantly 

lower than surrounding organs, connective tissue or other tissues of the 

body. 

[0026] Connective tissues of the body have been shown to produce 

pressures above 200 mm/Hg when injected with a fluid at a rate of 0.07 

mL/sec. Each tissue has its own pressure density characteristics which 

are represented as measurable pressures that can be elicited within a 

given tissue type. The density or resistance of the tissue is measured 

using the pressure of a fluid infused from a computer-controlled drug 
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delivery system capable of detecting pressure resistance during infusion. 

It has also been demonstrated that fluid-filled spaces such as the 

epidural tissues, the intra-articular space of joints, or vessels of the body 

have pressures when measured during injection which are well below 

200 mm/Hg. In fact, fluid-filled spaces have been found to have 

significantly lower pressure resistance to fluid-flow closer to zero mm/Hg 

when infusing into this fluid-filled tissue sites. 

[0027] Based on the known understanding of an injection with an 

intended target site of fluid-filled tissue space one can identify the 

intended site by using a pressurized fluid injection system that will not 

allow fluid-flow to occur until the needle enters into a fluid-filled tissue 

space allowing the pressure to drop below a said predetermined 

pressure within the tissues. The device, by using a predetermined 

maximum pressure value which automatically prevents continuous drug 

flow into surrounding tissues and will only resume drug flow once the 

pressure drops below a further predetermined value, enables the 

identification of a fluid-filled space based on the resumption of fluid-flow 

during an injection. 

[0028] The device can utilize a single or two different predetermined 

pressures (e.g. a first and third pressure) to stop fluid flow and another 

(e.g. second) predetermined pressure to resume fluid flow during an 

injection. It is also possible that the first predetermined pressure is used 

to stop fluid-flow and the second predetermined pressure is selected to 

resume fluid-flow once the identification of a fluid-filled space is 

achieved. Both will effectively limit the placement of a fluid into 

unintended tissues by eliminating the need for a continuous flow of fluid 

during the placement of a needle and allow the identification of a 

fluid-filled space once the resumption of fluid-flow occurs within patient 
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tissues. It is also possible to include the third predetermined pressure 

which can stop fluid-flow at a determined pressure limit which is lower 

than the first predetermined pressure limit described above. This 

provides an even greater level of safety for the injection of a fluid if the 

needle should migrate out of the target during an injection to the patient. 

[0029] Thus, an injection device of this invention includes a fluid reservoir 

(fluid storage device), an injection fluid, a pumping mechanism, an end 

in fluid contact with the reservoir and adapted to be inserted into the 

body of a patient, a sensor arranged to determine a resistance 

measurement of the injection fluid, and a controller capable of receiving 

the resistance measurement from the sensor, calculate a pressure, and 

modulating the flow rate of the injection fluid. The sensor may be an 

in-line sensor placed between the pumping mechanism and the end, but 

is preferably between the pumping mechanism or syringe and the 

beginning of the tubing set which measures the pressure of the injection 

fluid. Alternatively, the sensor may be within the mechanical arm. 

[0030] A sensor, such as a transducer, is used to sense the force or 

pressure generated by the motor and applied by the plunger within the 

fluid storage device. In one aspect of the invention, the transducer 

measures the force between the carpule adapter and the remaining 

housing of the device. In another aspect of the invention, the transducer 

includes a size sensing device that senses a change in dimension of an 

element of the device, said change being indicative of the force or 

pressure of the drug within the system and the pressure. For example, 

the change in size of the tubing may be used as an indicia of this force 

or pressure. In another embodiment, the pressure within the tube is 

measured externally and used as a means of determining the fluid 

pressure. 
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[0031] It is contemplated that the controller is capable of accepting 

user-inputted parameters including, for example, a pre-set maximum 

pressure, a pre-set resumption pressure and a pre-set flow rate. The 

controller is further capable of modulating the flow rate, including 

reducing the flow rate to substantially zero. The flow rate may be 

controlled in a binary manner (i.e., at a pre-set flow rate when the 

measured pressure is less than the pre-set maximum pressure, and off 

when the measured fluid pressure is less than the pre-set maximum 

pressure), or the flow rate may be a function of the pressure (i.e., the 

flow rate is higher at measured pressures farther below the pre-set 

maximum pressure). In the latter case, the flow rate may, optionally, be 

preset to a maximum allowable flow rate. Likewise, the function relating 

the flow rate to the measured fluid pressure may also be user-defined. 

In useful embodiments, the pre-set maximum pressure is between about 

50 mm/Hg and about 300 mm/Hg, or between about 100 mm/Hg and 

about 250 mm/Hg. 

[0032] The pressure resistance measure is optionally converted into a 

visual as well as audible signal on a continuous basis. The 

measurements are then presented to the doctor so that the doctor can 

determine or confirm whether the injection is being delivered to the 

correct tissues. In addition, the measurements are also recorded for 

later review and documentation of the clinical event. Upper limits of 

pressure as well as control of flow-rate can be pre-defined to ensure that 

excessive pressure and/or flow-rate are not used during this process. 

[0033] The invention, therefore, provides a method for administering an 

injection to a patient by providing a fluid reservoir, an injection fluid, a 

pumping mechanism, and an end adapted for insertion into the patient; 

pumping the fluid from the reservoir into the patient; calculating the 
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pressure of the fluid at an interface between the end and the tissue of 

said patient, and controlling the flow rate of the injection fluid such that 

the pressure does not exceed a pre-set maximum pressure and then the 

flow rate resumes once the pressure drops below a pre-set pressure. 

[0034] In one embodiment, the devices and methods of this invention are 

used to administer an epidural injection. In a second embodiment, the 

device and method of this invention are used to administer an 

intra-articular fluid-filled space injection. In both embodiments, the 

injection fluid contains, for example, an anesthetic and the end is 

adapted for insertion into the epidural or intra-articular fluid-filled tissue 

space. It is contemplated that either the pharmaceutical-containing or 

a pharmaceutical-free (testing) fluid is used to identify the fluid-filled 

tissue space during the needle placement phase of the procedure. 

Suitable pharmaceutical-free fluids include, for example, physiological 

saline, phosphate-buffered saline, artificial cerebral spinal fluid, Ringers, 

5% dextrose, or filtered air. Once the fluid-filled tissue space is identified 

using the pressure difference method, the injection fluid is changed (i.e., 

requiring a plurality of fluid reservoirs) to a pharmaceutical-containing 

fluid. The use of a pharmaceutical-free fluid during the needle 

placement phase minimizes or eliminates the delivery of the 

pharmaceutical to non-target tissues. 

[0035] Frequently, procedures that require an epidural injection of 

anesthetic are lengthy and, in addition to the initial (loading) dose, one 

or more subsequent (maintenance) doses are required. Typically, an 

indwelling catheter is used to administer the plurality of doses. In 

another embodiment, the invention provides a method for administering 

an epidural injection requiring a plurality of injections wherein, during 

administration of the second (and subsequent) doses, the pressure of 
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the fluid at an interface between the end and the tissue of said patient 

is calculated, and the flow rate of the injection fluid during said second 

injection is controlled such that the pressure does not exceed the pre-set 

maximum pressure. Likewise, this technique may be used for indwelling 

catheter maintenance (i.e., to determine whether the catheter remains 

in a target tissue such as the epidural tissue space) whether or not an 

additional injection is contemplated or desired at that time. 

[0036] It is further contemplated that this injection device may be used 

for aspiration of a fluid-filled tissue space after the identification of a 

fluid-filled space is determined. Aspiration may be used either to 

withdraw a sample of tissue or extracellular fluid (i.e., cerebral spinal 

fluid, intra-articular fluid, blood, etc.), or may be used to determine the 

correct placement of the injection needle. During an aspiration 

procedure, the "entry pressure" is measured in the same manner as the 

pressure within the fluid-filled tissue space, which is characterized by a 

loss of pressure. Likewise, false loss of pressure is also identified using 

an aspiration procedure because the internal tissue structure (i.e., cyst) 

will be quickly drained of its contents and the entry pressure will rise 

above the threshold entry pressure. 

[0037] The motor, the coupling associated with the motor and the 

electronic controller discussed below are at least partially disposed 

within the apparatus housing for protection. 

[0038] The fluid storage device is filled and a setup process is initiated 

during which the clinican places a preloaded syringe into the syringe 

receptacle on the top of the instrument. The clinician can change the 

fluid flow rate and peak pressure to be dispensed. Then they operate a 

touch-screen activation and/or pneumatic control such as a foot pedal 
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and initiate the fluid flow. Alternatively, commands may be initiated by 

the clinician either electronically or by voice commands. During 

dispensing, the output from the transducer is used to calculate the 

current fluid pressure. If this pressure approaches a certain threshold, 

the fluid flow rate is automatically stopped to prevent excessive injection 

of drugs into the non-targeted tissues, thereby ensuring that the patient 

does not suffer undue pain or damaged to tissues from excess fluid-flow. 

Several optional features are also provided including aspiration, purging 

or charging the media with or without air. 

[0039] Throughout the process, the clinician is provided with constant 

current information on the ongoing process, both visual and aurally, 

including the current flow rate, total volume ejected or aspired, tissue 

pressures, entry pressures and other parameters. The slave 

microprocessor receives commands from the master microprocessor 

and generates the drive signals required to operate the motor. 

[0040] In another embodiment it is possible to have two distinct drives to 

allow the placement of multiple syringes onto a single device. In such 

embodiment presented herein, a first drive is used with a separate 

syringe, tubing set and needle for the delivery of a first drug and a 

second drive contains a separate syringe, pressure transducer, tubing 

set and needle for a second drug. Each drive is capable of the features 

described above. In addition, one of the two drives may also be used 

without the capacity to sense pressure and be entirely used to delivery 

a drug at a specific flow-rate. This drive may be used to delivery a local 

anesthetic prior to the use of the second drive in which a pre-determining 

pressure limiting feature is used to identify a fluid-filled tissue space. 

[0041] Since the benefits of limiting drug infusion into the non-targeted 
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connective tissue region of a patient have been described, there is a 

need at times to provide adequate local anesthetics and other drugs to 

these tissues without limiting the ability to inject a therapeutic drug such 

as local anesthetic for the purpose of producing superficial soft-tissue 

anesthesia prior to attempting to identify a fluid-filled tissue space such 

as the epidural or intra-articular or other fluid-filled spaces of the body. 

Hence, an instrument with two drives achieves these objectives. 

[0042] The various features of novelty which characterize the invention 

are pointed out with particularity in the claims annexed to and forming a 

part of this disclosure. For a better understanding of the invention, its 

operating advantages and specific objects attained by its uses, reference 

is made to the accompanying drawings and descriptive matter in which 

a preferred embodiment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] In the drawings: 

[0044] Fig. 1 is a view of an authorized disposables assembly of the 

invention; 

[0045] Fig. 1A is a view of one embodiment of a proprietary connector of 

the invention; 

[0046] Fig. 1B is a view of second embodiment of the proprietary 

connector of the invention; 

[0047] Fig. 2 is a top view of a computer-controlled drug delivery unit 
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housing with a disposables assembly in place for use; 

[0048] Fig. 3 is a view similar to Fig. 2 of the unit without the disposables 

assembly; 

[0049] Fig. 4 is a schematic representation of a different embodiment of 

the computer-controlled drug delivery system of the invention; 

[0050] Fig. 5A is an enlarge view of the plunger stage and top end of a 

syringe plunger of the invention; 

[0051] Fig. 5B is an enlarge view similar to Fig. 5A of the stage 

approaching a thumb pad or thumb flange of the syringe; 

[0052] Fig. 5C is an enlarge view similar to Fig. 5A of hooks or catches 

of the stage engage to the thumb pad of the syringe; 

[0053] Fig. 5D is an enlarge view similar to Fig. 5A of the stage reversing 

direction and showing the hooks pull back on the thump pad; 

[0054] Fig. 6 is a partial view of the drive unit and its side-panel; 

[0055] Fig. 7 shown the disposable components connected assembled 

and the ID-Connector inserted into the side of the drive unit transferring 

information to/from a CPU in the drive unit; 

[0056] Figs. 8A to 8G are different screen shots of the touch screen of 

the drive unit during various phases of operation of the invention; 

[0057] Fig. 9 is a schematic, sectional view through the area of the spine 
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of a subject for an epidural injection, showing the tissues through which 

a needle will travel, correlated to pressure setting according to the 

invention; and 

[0058] Fig. 10 is a partial exploded view of parts of a disposables 

assembly with tubing and needle, and further with an elongated handle 

for connection between the tubing and needle for improving control and 

dexterity for any type of injection, but in particular useful for improving 

inferior alveolar injections. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0059] Referring now to the drawings, in which like reference numerals 

are used to refer to the same or similar elements, Fig. 1 shows as 

disposables assembly 10, made up of various parts that are permanently 

connected to each other and are supplied in sterile package for single 

use in conjunction with a computer-controlled drug delivery instrument 

or drive unit 50 shown in Figs. 2 and 3, which together form a system 

schematically shown in Fig. 4. 

[0060] The subject invention pertains to a system for determining 

location and delivering drugs in fluid-filled tissues such as the epidural 

space, intra-articular space, globe of the eye, cysts, vessels and other 

fluid-filled spaces of the body. The injection of such drugs, such as, but 

not limited to local anesthetic solutions as, cortico-steroids, 

hydroxyapatite, joint replenishment drugs, sclerosing agents and other 

drugs are typically injected into a fluid-filled tissue space for therapeutic 

purposes. Importantly, due to a variety of factors, injected fluid 

disperses through a tissue at different rates, causing the fluid pressure 
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to vary. The present inventor has discovered that this pressure (or an 

internal pressure related to the resistance pressure of a tissue) is 

indicative of, and may be used to identify several types of tissues. 

[0061 ] The present invention provides a method and device that enables 

the practitioner to accurately identify fluid-filled tissue space while limiting 

the placement of drugs into non-targeted tissues. This is performed for 

a diagnostic and therapeutic procedure. The current device utilizes the 

pressure of a fluid from a needle or catheter ("the injector") following 

placement of the needle/catheter within the tissue in order to properly 

identify the accuracy of placement and to monitor the (correct) 

placement during an injection or aspiration. Specifically, the present 

device utilizes a pre-determined first pressure to prevent the flow of a 

drug within a non-targeted (first) tissue site and to resume a flow of fluid 

once a pressure either drops below a pre-determined same pressure. 

In an additional embodiment the device may utilize a first pre-determined 

first pressure to prevent flow of the drug and a second different 

pre-determine pressure to which the pressure must enter to allow flow 

to resume. Utilizing a pre-determined pressure to allow the accurate 

needle/catheter placement throughout the insertion, injection, and 

maintenance phases of the procedure. First, the pressure is used during 

the needle/catheter insertion to identify the anatomical structures and to 

enable the clinician to correctly determine when the lumen of the injector 

is placed within the fluid-filled tissue space. Hence, a non-continuous 

fluid flow of drug is used to identify the intended target tissue. 

[0062] The pre-determined pressure is also used to prevent flow of the 

drug at a specified value and then allows fluid-flow to resume once a 

pre-determined pressure value is below said value. This may be used 

during the maintenance phase of the procedure to ensure that the 
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injector remains within the intended tissues such as the epidural tissue 

space. There is a particular risk during medical procedures that require 

an initial epidural injection (i.e., loading dose) followed by periodic 

maintenance doses in order to maintain the desired level of anesthesia. 

Typically, an indwelling catheter is inserted into the epidural space and 

remains attached to the injection device throughout the procedure. 

Frequently, the patient is moved between the loading dose and one or 

more of the maintenance doses. Such movement may cause a correctly 

placed catheter to migrate from the epidural tissue space into a 

non-target tissue. The present device monitors the pressure during all 

periodic doses (i.e., the loading dose and all subsequent maintenance 

doses). Thus, drug will not be injected into tissues that are unintended 

and non-therapeutic to the patient. Additionally, the clinician is alerted 

should the catheter migrate during the maintenance phase. The current 

device utilizes non-continuous fluid-flow and pre-determined pressures 

to properly identify the accurate placement of an indwelling catheter 

while limiting the flow of drug into non-targeted tissues. 

[0063] Thus, the advantages of the present device over the prior art 

include (i) a means to identify the fluid filled tissue space such as the 

epidural, intra-articular, globe of the eye, cysts and blood or other fluid 

vessels, but not limited to these structures, while utilizing a negligible 

volume of drug-containing solution, (ii) a means to identify non-targeted 

tissues by limiting the flow of drug from a first pre-determined pressure 

limit, (iv) a means to monitor the placement of a needle/catheter for the 

entire duration of catheterization (i.e., during the maintenance phase of 

drug infusion) by monitoring the flow of drug into a fluid-filled space. 

[0064] According to the principles of this disclosure, the pressure is 

measured using the pressure/force of a fluid injected/infused from a 
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computer-controlled drug delivery system capable of detecting pressure 

resistance during infusion. The pressure resistance measure is 

converted into a visual as well as audible signal on a continuous basis 

while the fluid flow of drug is non-continuous. The computer-controlled 

drug delivery system is continuously modulated based on the pressure 

generated producing a non-continuous fluid flow. Thus, the flow-rate is 

variable and is dependent on the pressure of the system. It is 

contemplated that the pressure is the primary controlling variable of the 

system. 

[0065] The flow-rate, therefore, becomes a secondary variable that is 

modulated within a pre-determined range in order to maintain the 

desired fluid-flow. In one specific embodiment, the fluid flow is stopped 

at pressures exceeding a pre-determined threshold (maximum 

pressure). The flow-rate, as a secondary variable, may be limited so that 

fluid injections are not unduly rapid under low pressure conditions. It is 

contemplated that the relationship between pressure and fluid flow rate 

may either be binary or continuous. A binary relationship exists when 

the injection device is configured to deliver a fluid at a single, 

pre-determined flow rate for any pressure less than the pre-set 

maximum. Thus, the fluid flow is either on or off based on whether or 

not the pressure exceeds the threshold. Alternatively, the flow rate may 

be modulated by as a function of pressure. In this case, flow rate will be 

reduced as the maximum pressure is approached and increased as the 

pressure drops. Optionally, the flow rate may be limited to a first pre-set 

maximum pressure and a flow rate resumes at a second distinct 

pre-determined pressure. 

[0066] It is also contemplated that the injection device optionally may 

contain a means for recording and/or displaying relevant injection data 
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including, for example, instantaneous flow rates, pressures, and injection 

amounts. All measurements and information may be presented to the 

clinician in "real-time" so that the clinician may determine whether the 

injection is being delivered to the intended location and/or correct tissues 

and may modify the injection technique accordingly. In addition, the 

measurements may be recorded for later review and documentation of 

the clinical event. 

[0067] It is also contemplated that multiple syringes driven by separate 

syringe plungers may be used to allow multiple drugs to be injected as 

well as a second syringe drive that does not required a pre-determined 

pressure to be reached for any said purpose. The second drive can be 

programmed on a specific flow-rate to allow infusion of a drug such as 

local anesthetic and other therapeutic drugs into a variety of tissues. 

[0068] In yet another embodiment the device may contain two distinct 

syringe drives in which both are capable of modulation based on 

fluid-pressure as previously herein described. 

Authorized Disposables Assembly 

[0069] The invention includes a new design of a disposables assembly 

or disposable assembly, made up of syringe, pressure-transducer, tubing 

set and needle plus one of a variety of unique proprietary connection 

adaptors (disclosed herein is called an "ID-Connector" or abbreviated as 

"ID-Connector") to be affixed as part of the disposable assembly used 

in conjunction with a computer-controlled drug delivery system. Fig. 1 

illustrates one embodiment of the disposable assembly of the invention. 

[0070] The computer-controlled drug delivery system of the invention, 
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illustrated in Fig. 2, 3 and 4, provides numerous benefits to patients by 

providing a more accurate injection. The invention also provides 

numerous clinical benefits for practitioners by producing superior 

outcomes. Instruments embodying the invention are shown to provide 

a more precise and safer administration of drugs for a variety of 

application such as epidurals, interacticular and other subcutaneous 

injections. Ensuring the use of only authorized disposables components 

is critical to the proper performance of such instruments. The selection 

of incorrect components could lead to a number of undesirable 

outcomes including: 

1. Incorrect volumes administered. 

2. Improper flow-rate and pressure measurements. 

3. Use of non-fitting components leading to error. 

4. Use of poorly designed non-authorized substitute components. 

[0071 ] To ensure that the appropriate disposable components are used 

with the computer-controlled drug delivery system of the invention a 

proprietary connector 12 in Fig. 1 is included. Connector 12 has first and 

second mating parts 14 and 16 and has the ability to provide a unique 

connection and/or electrical circuit connection and/or required data 

information transfer prior to use. Connector 12 acts as a controlling 

element between the disposables assembly parts 10, made up of 

syringe 18, pressure-transducer 20, tubing set 22 and needle 24, and 

the assembly is connected to the computer-controlled drug delivery 

instrument 50 of Fig. 2, by a jack 30. 

[0072] Currently there are no structural means to provide verification of 

the selection of disposable components used with a computer-controlled 

drug delivery instrument. 
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[0073] The proprietary adaptor connection 12 of the invention ensures 

that only authorized, correctly configured, correctly sized and sterilized 

disposables assemblies 10 are used with the instrument. This is 

accomplished in the following structural implementations. 

[0074] The connection 12, electronically connects the in-line, electronic 

pressure transducer 20 to the computer-controlled drug delivery 

instrument 50, using an external data cable 21 from transducer 20 to the 

first mating part 14, that is plugged to the second mating part 16, and is 

connected by a second cable 23 and the jack 30 that is plugged into the 

instrument 50. The pressure-transducer 20 is connected inline, that is, 

immediately between the end 19 of the cylinder of syringe 18, and one 

end 25 of tubing 22, e.g. by Luer connections that have been 

permanently bonded as explained below, so that the instantaneous, 

actual fluid pressure in the drug delivery line is being sensed and used 

by the instrument, which provides a close approximation to the actual, 

instantaneous fluid pressure at the point or tip of the needle 24, and 

therefore, at the location in the patient's body where the tip is located. 

[0075] The electronic pressure-transducer or sensor 20 provides 

pressure data via the electronic data cable and connector 21 -12-23, that 

is connected directly to the unit 50 to collect such pressure 

measurements. By incorporating the intervening proprietary connection 

12 between the electronic pressure-transducer 20 and the 

computer-controlled drug delivery instrument 50, a verification and/or 

authorization check-point can be established. The proprietary 

connection 12 is used to identify and verify the connected components. 

The disposable components 10 are provided as an authorized single-

use, bonded disposable set in which all components are glued together, 

i.e. the syringe 18 is permanently bonded to the tubing-set 22 with 
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electronic pressure sensor or transducer 20 permanently bonded there 

between, up to the first mating part 14, all being permanently bonded to 

each other. This disposables assembly 10 is used and discarded as a 

unit. It is further connected to the drive unit 50 by the second mating 

part 16 that can only be connected to the proprietary first mating part 14 

to ensure that only authorized disposables assemblies 10 are used and 

that they are only used once. 

[0076] The electronic pressure transducer 20 can, for example be any 

one of various piezoelectric pressure sensors available from Merit 

Medical Systems, Inc. such as the Meritrans® Pressure Transducer item 

MER212. 

[0077] The proprietary connection 12 disclosed herein is called an 

"ID-Connector." The ID-Connector 12 is composed of two components, 

one being the ID-Connector-Plug 14 and the Custom-ID-

Connector-Receptacle 16. Since the role of "plug" and "receptacle" can 

be reversed or each can even have both plug and receptacle features, 

they are also called first and second mating parts 14 and 16 in this 

disclosure. 

[0078] The I D-Connector system 12 is designed as an electronic physical 

bridge between the instrument 50 and an authorized, bonded-together, 

disposable set-up or disposables assembly 10. The ID-Connector-Plug 

14 has two opposing functional sides 14a and 14b as shown in Fig. 1 A, 

that are plugged into, and permanently bonded with each other. One 

side 14a is the conventional plug or socket that allows the connection of 

a standard component such as that from the existing electronic 

pressure-transducer (i.e. a Meritrans Pressure Transducer item 

MER212) of disposable components. The opposite side 14b of the 
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ID-Connector 14 is a custom ID-Connector-Plug side and has one end 

that is conventional and plugs into side 14a, and an opposite proprietary 

side. As mentioned, sides 14a and 14b are also bonded to each. The 

Custom-ID-Connector-Plug side 14b connects via its proprietary mating 

face, i.e., a custom set of projections and depletions 14c, to the second 

component or the I D-Connector Receptacle 16 via its proprietary mating 

face, i.e., a complementary set of projections and depletions 16a. This 

connection of 14c to 16a is detachable so that replacement disposable 

set-ups 10 can be used. Part 16 is connected to the drive unit 50 via 

electronic cable 23 and jack 30 as shown in Figs. 1 and 2. The ID-

Connector system or connector 12 is designed in a variety of unique 

configurations to include additional connection socket/pin combinations 

as shown in Fig. 1B for a proprietary connection that will provide a 

unique "signature" to the system, thus providing verification prior to 

operation. 

[0079] As illustrated in Fig. 1, another authorization scheme of the 

invention includes a computer chip, SIM or other uniquely coded circuit 

14d that is also electrically connected to the drive unit 50 by the cable 23 

when parts 14 and 16 are mated, and which is read by an authorization 

program or circuit in unit 50. If the coded circuit 14d is genuine, the unit 

50 will operate properly, if not, the unit is disabled and a warning such 

are "Unauthorized Syringe Detected" is posted on the screen of the unit 

and optionally a warning sound is made, including but not limited to a 

vocalization of words, an alarm, or other warning signal or any 

combination thereof. The coded circuit 14d is also coded for a one-use 

function whereby the authorization program or circuit in unit 50 will detect 

if a specific disposable set-up 10 was previously used and, if so, again 

disable the unit 50 and post a warning. The coded circuit 14d can also 

be coded with the physical (e.g. tubing, needle and syringe gauge) and 



WO 2014/007949 PCT/US2013/045142 

27 

chemical (e.g. syringe contents) attributes of the disposable assembly 

10 that are also read by the circuit or program in unit 50. The coded 

circuit will then, set, over-ride or modify any settings that are manually 

programmed into the unit 50, taking into account the attributes of the 

disposable assembly to insure proper and safe functioning of the unit. 

[0080] The coding circuit 14d can also be used with or without the 

mechanical proprietary features of Fig. 1Aand 1B, although using both 

will increase security. In any case, failure to recognize a proper 

connection, be it physical, electrical or digital, prevents the operation of 

the instrument 50. 

[0081] The invention thus contemplates a new pin connection of the 

ID-Connector system 12 to complete a required circuit so that the 

instrument will function to verify, validate and read information from the 

proper disposables set-up that has been selected for the instrument. 

The electronic connection in the ID-Connector system provides digital 

information via stored memory within the circuit 14d of the connector 

element 12. The new pin connection of the ID-Connector can also 

provide a unique key/lock interface connection and thereby validating the 

components to be used in conjunction with the instrument 50. 

[0082] One or more of any of these above-described security measures 

can be utilized either solely or in any combination. The unique 

ID-Connector system 12 is positioned between the current electronic 

pressure-transducer 20 and the drive unit 50, but it is anticipated that the 

ID-Connector system could be bonded, glued or connected to other 

components to be used with this instrument such as the syringe 

exclusively or the tubing set exclusively. In the preferred embodiment 

the ID-Connector fits between these two connections, however, it is 
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anticipated that this ID-Connector system could be connected at a 

variety of different interface locations and retain the function intended for 

verification and identification of the unique disposable set-up. 

[0083] The attachment 12 performs as follows: 

the ID-Connector system is manually attached at the interface 

junction in a variety of different modalities; and 

in a preferred embodiment the ID-Connector system is part of a 

complete disposables set-up 10 that comprises syringe, pressure 

transducer, tubing set and needle. 

[0084] In the preferred embodiment the permanent attachment of the 

needle may be optional so that a practitioner may selection a preferred 

needle for a particular purpose. The components are assembled 

individually or as in the preferred embodiment they are glued (i.e. 

bonded) together and provided as a single disposable set-up ensuring 

that the proper disposable components were selected. 

[0085] The preferred embodiment is a bonded-ID-Connector disposable 

setup. It is anticipated that a variety of configurations could be used in 

conjunction with the instrument 50. These consist of different size 

components, i.e. needle, syringe, tubing-set and pressure transducers. 

The integration of a I D-Connector system ensures the authorized set-up 

and also possesses the ability to interact with the instrument 50 to 

confirm and identify the disposable set-up to be used. This represents 

an important verification to the system. It ensures use of appropriate 

components and/or drugs. It is anticipated that a pre-filled syringe 18 

with a drug could be supplied with the ID-Connector system 12 and 

disposables set-up 10, or the syringe can be supplied empty so that it 

can be filled onsite with a desired drug, saline or other fluid. For pre-filed 
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syringes 18, the ID-Connector 12 (in its chip 14d) contains the 

information related to that drug contained within the syringe and 

presented for use in the instrument. 

[0086] Improvements over the prior art include an ID-Connector to 

ensure that the proper selection drug delivery components are utilized 

with a computer-controlled drug delivery system. The ID-Connector 

system further resolves multiple deficiencies of a disposable injection 

system. Importantly, it will not change the workflow practice during the 

set-up of the instrument while ensuring the use of this novel component. 

The ID-Connector system does not add additional steps while providing 

verification of authenticity of components to be used with the overall 

system and the like. The use of the ID-Connector system also leads to 

a cost savings when ensuring verification. 

[0087] Fig. 10 illustrates parts of a disposables assembly of another 

embodiment of the invention, namely tubing 22 with end 25 to be 

permanently fixed to an in-line pressure sensor not shown in Fig. 10. 

This embodiment includes a rigid, plastic, sterile handle 27 fixed to the 

opposite end of the tubing 22 and having a male luer lock that is to be 

detachably connected to a needle 24 of choice for a particular type of 

injection into a selected anatomic site. The elongated handle 27 of this 

embodiment increases manual control and dexterity in placing the 

needle, in particular because of rotational control. This is particularly 

important for lA-injections (i.e., inferior alveolar injections), but will 

enhance epidural and other types of injections as well. 

[0088] The elongated handle 27 is advantageously about 15 cm long 

(about 6 inches), or in the preferred range of about 10 to 20 cm long, 

with tubing 22 of about 122 cm long (about 48 inches). 



WO 2014/007949 PCT/US2013/045142 

30 

Pressure-Controlled Injection Device 

[0089] As described above, the injection device that is exemplified by the 

drive unit 50 in Figs. 2, 3 and 4, uses a non-continuous fluid-flow by 

continuously monitoring a pressure using the electronic 

pressure-transducer 20, that is preferably the pressure of the fluid during 

injection. Based on a pre-determined pressure that is set by the 

practitioner and stored in a memory 80 of a microprocessor or computer 

82 of the electronics in unit 50, fluid-flow will stop, and based on a 

pre-determined pressure fluid-flow, will resume. It is possible that the 

same pre-determined pressure is used for both of these settings. In 

such case the pressure will build as fluid initially enters the tissue to a 

pre-determined level and then stop when the pressure drops below this 

pre-determined level. Thereafter fluid-flow will resume creating a 

non-continuous fluid flow. 

[0090] The invention has defined pre-determined levels of pressure to 

enable fluid-flow into targeted tissue sites while limiting the flow of drugs 

into non-targeted tissues. This enables a clinician to selectively inject 

drugs into specific sites and intended tissues for diagnostic and 

therapeutic procedures. Preselected maximum allowable pressure limits 

and/or flow rates are stored in memory 80 and define either the 

maximum recommended pressures that patients usually tolerate, or 

other criteria. As the pressure approaches this limit, a visual and/or 

audible alarm is generated for the clinician, i.e. on screen 62 and via 

speaker 84 that is activated by data from the microprocessor 82. In 

addition, data descriptive of the whole injection process is stored for 

future analysis in memory 80, as discussed above. 
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Method for Administering Injections into a Fluid-filled Space 

[0091] An exemplary method for administering an epidural injection 

follows. These principles and methods may be easily adapted for 

injections into tissues and anatomical areas other than the epidural 

space. 

[0092] The first pre-determined upper pressure limit is determined by the 

clinician. Typically, the first pre-determined upper pressure limit is not 

greater than 200 mm/Hg. It is contemplated that using such a setting the 

injection system will administer a negligible amount of medication into 

the connective tissues and a then by selecting a second predetermined 

pressure below 50 mm/Hg at which the fluid flow will resume. Hence the 

needle is properly positioned within the fluid-filled space of epidural 

tissue-space because the pressure within the epidural tissue space is 

believed to be between about +15 mm/Hg and -15 mm/Hg, whereas the 

pressure associated with the Ligamentum Flavum is above 200 mm/Hg. 

[0093] The known pressure measurements within the extra-ligamentary 

tissues are typically about 100-200 mm/Hg. With the injection device 50 

having a second pre-determined pressure at which the fluid flow will 

resume, that is 50 mm/Hg or below, there will be no significant fluid flow 

once the needle enters the subcutaneous tissues as the pressure will 

quickly rise and be maintained as long as the needle resides within the 

subcutaneous tissues (extra-ligamentary tissues). The clinician, 

following traditional epidural injection technique, will advance the Touhly 

needle and encounter the ligamentum flavum. Still no fluid flow will occur 

because, as noted above, the ligamentum flavum generates a pressure 

greater than 100 mm/Hg. Upon penetrating the ligamentum flavum (i.e., 

needle entry into the epidural fluid-filled space) the pressure will 
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immediate drop below 50 mm/Hg triggering an optional visual display 

and/or audible tone and/or spoken word such as "Located Epidural," and 

the drug-containing fluid will begin to flow into the intended target site. 

Thus a non-continuous fluid-flow is utilized to identify the targeted 

tissues. It is possible that the first and second pre-determined pressure 

values are set to the same number to allow fluid flow to occur only after 

the pressure drops below a pre-determined pressure. 

[0094] The pressure sensor 20 or plural sensors of the injection device 

50 provide an automatic safety feature in the event that the injection 

needle leaves the epidural tissue space (e.g., from clinician error or 

patient movement) or its patency is compromised. If the needle 24 

leaves the epidural tissue-space, either by withdrawing through the 

ligamentum flavum or by contacting the dura, the pressure will 

immediately rise to a first selected pressure P1, causing a slowing and 

eventual stoppage of fluid flow at fluid pressures >200 mm/Hg. This has 

been shown to occur within approximately 2 seconds time (see, Ghelber-

Regional Anesthesia and Pain Medicine Vol 33 No 4 2008, page 349 Fig 

2). Optionally, this change in pressure from <50 mm/Hg to >200 mm/Hg 

will again trigger a visual and/or audible alarm to alert the clinician of 

improper needle placement. Flow will again automatically resume once 

the needle is reestablished in the epidural tissue space and the 

instantaneous pressure at the needle point drops below P1, or, in a 

further embodiment of the invention, when the pressure drops to a 

second selection pressure P2 of equal to or below 50 mm/Hg. This 

automatic safety feature of the injection device helps prevent injection 

of the anesthetic solution into the spinal cord. 

[0095] Turning to Fig. 9, the area of the spine of a subject for an epidural 

injection is shown. Starting from the outside injection site for the point 
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of the needle 24 at the left in Fig. 9, the tissues in this area include 

various layers of skin, fat and connective tissue 110, followed by the 

epidural space 112, that is the anatomic space of interest in a preferred 

embodiment of the invention. Beyond the epidural space 112 is the dura 

mater 114 of the spinal cord 116. Clearly it is important that the right-

ward progress of the point of the needle 24 through the tissues, stop 

before reaching the spinal cord and this achieved by the invention. 

Cross sections of the bones of the backbone in this area are also shown. 

[0096] According to the invention the microprocessor 82 and memory 80 

are programmed with the first pressure P1, of, for example, about 200 

mm/Hg, that is selected to be equal to or greater than the instantaneous 

fluid pressure at the point of the needle as it enters and moves through 

the tissue 110. At or above this pressure P1, the motor 96 is stopped 

and the fluid flow to the needle point stops. When the needle point 

enters the epidural space 112, the instantaneous fluid pressure drops to 

below P1 and the microprocessor causes the motor to start again to 

resume fluid flow, now into the epidural space 112 according to one 

embodiment of the invention. According to a second embodiment of the 

invention, the second selected pressure P2 stored in memory 80 must 

be reached before fluid flow resumes. In a third embodiment of the 

invention, when a third selected pressure P3 stored in memory 80, that 

is greater than P2 but less than P1, is reached, the fluid flow will stop 

again. Reaching this third pressure P3 indicates that the needle point 

has pressed into the dura 114 or is otherwise leaving the anatomic target 

space. The spaces or layers through which the needle point will travel 

are correlated to the pressure settings P1, P2 and P3 according to the 

invention, in Fig. 9. 

[0097] The first selected pressure P1 for stopping fluid flow is preferable 
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about 200 mm/Hg for an epidural injection, but can be in the range of 

about 25 to about 300 mm/Hg depending on the tissue to be first 

punctured by the needle point. Pressure P2 for resuming fluid flow is 

preferably about 50 mm/Hg for an epidural injection, but can be in the 

range of about 20 to about 150 mm/Hg depending on the anatomic 

space of interest. The third selected pressure P3 for stopping fluid flow 

again, is preferable about 125 mm/Hg for an epidural injection but can 

be in the range of about 80 to about 180 mm/Hg depending the 

anatomic space of interest. The use of three set pressure improves the 

flow/no-flow control as the needle point moves through different tissue 

types for any fluid-filled anatomic space capable of receiving fluid at a 

lower pressure than tissues surrounding the anatomic space. 

[0098] A feature of the present injection device and accompanying 

method is the ability to quickly and accurately identify a 

"false-loss-of-resistance" or "false-positive" (typically within 2-4 seconds). 

A false-loss-of-resistance typically occurs when a traditional 

loss-of-resistance manual syringe technique is used and a drop of 

resistance occurs when the epidural needle enters a cyst or less dense 

space outside the epidural tissue-space. The ligaments in the area are 

understood to be less dense and a false loss of resistance is not 

uncommon. Many times the subjective nature of this anatomic location 

can lead the clinician to believe he has located the epidural 

tissue-space. When using the computer-controlled drug delivery system 

with pressure control, once the needle enters such a space it quickly fills 

the space or pressurizes the less dense tissue with fluid and the 

recorded pressure rises above 200 mm/Hg and objectively indicates a 

"false-loss-of-resistance." This would typically not be the situation using 

a traditional manual syringe technique or a system that has a continuous 

fluid flow of drug from a syringe pump. In such cases once the initial 



WO 2014/007949 PCT/US2013/045142 

35 

loss-of-resistance is encountered, the syringe is moved and the operator 

delivers the bolus of the fluid (no longer subjectively testing for a 

"loss-of-resistance") thereby depositing anesthetic solution in an 

anatomic location outside the intended epidural tissue-space (again see, 

Ghelber- Regional Anesthesia and Pain Medicine Vol 33 No 4 2008, 

page 350, Fig. 3 is a line graph demonstrating a false-loss-of-resistance 

at time of about 250 sec.). This observation is most likely associated 

with ligamentous tissue, measured during the administration of an 

epidural injection. The incorrect tissue structure was quickly pressurized, 

returning the measured fluid pressure >200 mm/Hg. Insertion of the 

catheter into the epidural space and subsequent fluid injection does not 

result in a significant and rapid rise in pressure, indicating that the 

catheter is correctly located. 

[0099] It is contemplated that a pharmaceutical-free fluid is used to 

identify the epidural tissue space during the needle placement phase of 

the epidural procedure. Suitable pharmaceutical-free fluids include, for 

example, sterile saline, artificial cerebral spinal fluid, Ringers, 5% 

dextrose, or filtered air. Once the epidural tissue space is identified 

using the pressure differential, the injection fluid is changed to a 

pharmaceutical-containing fluid. The use of a pharmaceutical-free fluid 

during the needle placement phase minimizes or eliminates the delivery 

of the pharmaceutical to non-target tissues. 

[0100] Another feature of the current device and methodology is the 

objective nature of pressure measured by a computer-controlled drug 

delivery device that is monitored during all phases of the injection 

process. The clinician, therefore, no longer relies on the subjective 

nature of a "feel" but rather is provided with objective information of 

absolute values while performing each phase of this critical technique. 
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Each phase of the technique is improved by the ability to continuously 

monitor the pressure while using a non-continuous fluid-flow of drug 

allowing adjustments to be made that ensure greater safety and efficacy 

of the injection. 

[0101] In another example, the clinician may reset the pre-determined 

maximum allowable pressure once the fluid-filled space is penetrated 

and the injection has begun. As noted above, prior to needle entry into 

the epidural space, the fluid pressure is greater than 200 mm/Hg so little 

or no fluid is being delivered. Upon entry of the fluid-filled space the 

pressure drops below zero and gradually rises to about 1-10 mm/Hg. 

This drop in pressure initiates the flow of fluid from the injection device. 

At this time, the maximum pre-set pressure value may be changed to a 

new, lower, maximum. For example, the pre-determined maximum 

pressure in which fluid flow stops may be reduced to 25 mm/Hg which 

will provide an extra level of patient safety in the event that the injection 

needle contacts the dura mater or is withdrawn from the epidural space. 

The new pre-determined lower maximum pressure will cause the fluid 

flow to be arrested sooner, and at lower ectopic injection amounts, than 

the original pre-set value. The change in pre-determined maximum 

pressure stop of fluid flow may be performed manually by the clinician 

or automatically by a control element in the injection device. 

[0102] It should be understood that the example of 200 mm/Hg as the 

pre-determined maximum pre-set pressure for stoppage of fluid flow is 

an example and that either a lower or higher pre-set pressure may be 

selected at the discretion of the clinician. Also, the second 

pre-determined 50 mm/Hg pressure value at which fluid flow resumes is 

an example and that either a lower or higher pre-set pressure may be 

selected at the discretion of the clinician and is merely illustrative. The 
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principles and techniques may be modified for an injection into almost 

any anatomical location. What is of particular importance in this 

embodiment of the method and device is the ability to define and select 

pre-determined values of pressure to produce a non-continuous flow of 

drug for diagnostic and therapeutic administration. 

[0103] The techniques described herein are equally applicable to human 

and animal tissues. 

Non-Continuous Fluid-Flow with one or more distinct 
Pressure Limits combined with an Auto-Detect-Fluid 
Aspiration 

[0104] In preparation for using the unit 50, and with reference to Figs. 1, 

2 and 3, a disposables assembly 10 of Fig. 1 is removed from its sterile 

packaging and the pre-filled body of syringe 18 is pressed into a semi-

cylindrical syringe cradle 52 defined in the upper surface of the housing 

of unit 50 as shown in Fig. 2 and 3. The syringe body 18 is held firmly 

in place in cradle 52 by a pair of spring-loaded clamps 54 and is kept 

from moving axially in the cradle 52 by having its finger flange 90, that 

extends for the top end of syringe 18, engaged within a correspondingly 

shaped finger flange recess 55. The plunger 70 of syringe 18, that is in 

its fully extended, syringe-full location shown in Fig. 2, is received in a 

plunger recess 56 in the upper surface of the unit housing, and is sized 

amply long, wide and deep to contain and suspend the plunger 70 

without contacting it so the plunger can be pressed into the syringe body 

without obstruction. 

[0105] A movable stage 58 with three spring-loaded thumb flange 

catches or hooks 60 that are pivotally mounted to the stage 58, is 
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movable under computer control along the plunger recess 56. As will be 

explained more fully below, the stage 58 is moved to the right in Figs. 2 

and 3, until the stage 58 is close enough to a thumb flange 72 of syringe 

18, to allow facing beveled surfaces of the three hooks 60 to engage the 

thumb flange 72 form the bottom and its opposite sides, to spread under 

the continued movement of stage 58, and then snap closed below the 

thumb flange 72. A sensor in unit 50 then senses resistance to the 

further movement of stage 58, and the stage stops. Since, at this point, 

the plunger 70 is effectively axially fixed to the stage 58 by the 

engagement of the catches 60 on thumb flange 72, any further rightward 

to leftward movement of the stage 58 will also move the plunger 70 to 

the right, i.e. to expel fluid form the syringe body, or to the left to aspirate 

fluid back to the syringe body. 

[0106] The pressure sensor 20 of the assembly 10 is plugged to the 

proprietary connector 12 and connector 12 is plugged to the unit 50 via 

jack 30. 

[0107] As mentioned, the invention relates to a tissue site location and 

infusion system utilizing a non-continuous fluid flow with one or more (or-

"more then one") pressure limits and and auto-detect-aspiration system. 

[0108] The system is composed of the drive unit 50 and the disposable 

set-up components 10. The drive unit 50 houses the microprocessor or 

CPU 82, electronic circuitry board 92, a power supply 94 and electronic 

motor or motors 96 (since in the embodiment of Fig. 4, two syringes can 

be accommodated). Each electronic motor 96 rotates a spiral shaft 98 

that moves a syringe armature 100 in a forward and reverse direction. 

The syringe armature 100 contains a load cell sensor to detect force. 

Armature 100 is connected to the stage 58 to move the stage in either 



WO 2014/007949 PCT/US2013/045142 

39 

direction. As also mentioned, the disposable set-up 10 comprises the 

new Identification-Connection component 12, syringe 18, in-line pressure 

transducer 20, tubing set 22 and needle 24. 

Detailed Description of Operational Sequence 

[0109] The top view of the instrument shows the recessed cavity 52 and 

recess 56, together called the syringe cradle, which allows the proper 

positioning to receive a standard 20 cc syringe 18. Contained within the 

plunger recess 56 is the movable armature 100 and stage 58 that 

engages the thumb pad or flange 72 of the disposable syringe 18. The 

mechanism that engages the thumb pad of the syringe has the series of 

spring loaded hook 60 shown enlarged in Fig. 5A, which automatically 

capture the syringe thumb pad. 

[0110] As shown in Fig. 5B, as the thumb pad 72 is engaged, the spring 

loaded hooks 60 will move outward, over and then engage the thumb 

pad in hook-like fashion. This action will secure the thumb pad as 

shown in Fig. 5C, allowing the syringe stage 58 to mechanically move 

the syringe plunger 70 in either direction (reverse being shown in Fig. 

5D), thus ensuring that aspiration can be performed. Additionally a force 

sensor is integrated into the design of the syringe armature 100. The 

syringe armature 100 uses optical and mechanical features to identify 

the position of the syringe and can calculate the volume of fluid present 

within the syringe. 

[0111 ] Step 1: The drive unit 50 is turned "On" via a separate side-panel 

64 shown best in Fig. 6 that includes "On/Off", "Start/Stop", "Purge", and 

"Aspiration On/Off" buttons and Battery Indictors. The "On/Off" button 

powers up the drive unit and touch screen interface LCD 62. Turning on 
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power automatically moves the syringe armature mechanism 100 to be 

in a "home" position shown in Fig. 3. 

[0112] In Fig. 3 the syringe armature 100 with moving syringe stage 58 

with the auto-engage-aspiration thumb-pad receptacle 52, 56 is 

connected to the movable syringe armature, located on the top of the 

drive unit. 

[0113] The top of the drive unit shows feature design, i.e. a syringe 

cradle, that is designed with detents or clamps 54 on the surface. These 

detents 54 engage the surface of the barrel of the syringe 18 with an 

interface as the syringe is placed within the syringe cradle to cause a 

temporary locking of the syringe into the syringe cradle. 

[0114] Step 2: The drive unit 50 requires the use of a series of 

disposable components. As mentioned the disposable set-up 10 of Fig. 

1 comprises of the following system components. 

[0115] A syringe 18 - the preferred embodiment uses a standard 20 cc 

syringe from Becton Dickinson, Inc. The design is not limited to a 

particular size or volume syringe. The operator will load the syringe with 

fluid from an appropriate sterile container, such as a multi-dose drug vial 

or single-use glass ampule. The operator may fully load the syringe or 

partially load the syringe as the auto-detection feature determines the 

volume of drug that is contained within the syringe. 

[0116] The preferred embodiment uses the in-line pressure transducer 

20 - such as the Meritrans® in-line pressure transducer from Merit 

Medical, South Jordan, Utah. It is anticipated that the force sensor in the 

syringe armature could provide information as to fluid pressure and 
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negate the need for a secondary pressure sensor. 

[0117] A subcutaneous hollow-bore needle 24 - in the preferred 

embodiment a Touhy needle such as the Becton Dickinson 20G x 3.5" 

Touhy Needle. Becton Dickinson, Franklin Lakes, NJ. 

[0118] Sterile tubing set 22 - 48" arterial pressure tubing, such as ICU 

Medical, Inc. San Clemente, CA. 

[0119] Identification-Disposable Connector (ID-Connector) 12 - the 

I D-Connector is a proprietary component and part of the invention herein 

described. It verifies that an appropriate syringe, tubing set, in-line 

pressure sensor and needle as recommended by the manufacturer of 

the invention are connected to the drive unit. In the preferred 

embodiment the ID-Connect is permanently affixed to the pressure 

sensor and tubing-set and provided as a single component. It is also 

possible that the invention includes all disposable elements provided in 

a distinct kit, allowing the operator to connect the ID-Connector to the 

individual components for use. 

[0120] The ID-Connector is then connected to the drive unit via a 

removable connection plug 30, such as the RJ-11 plug shown in Fig. 1 

and Fig. 7. It is anticipated that an electrical connection other then the 

RJ-11 plug can be used. A custom electronic plug may be fabricated. 

[0121] It is anticpated that the ID-Connector may use any and all other 

means of relying and communicating to the CPU of the Drive Unit 

including but not limited to InfraRed, WiFi, Blue Tooth or other wireless 

means. 
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[0122] It is anticipated that the verification of the disposable assembly 

could also be accomplished using labeling to include bar-coding and a 

bar-code reader or some other optical means of detection. 

[0123] The ID-Connector communicates to the CPU of the drive unit to 

provide information related to the disposable. In the preferred 

embodiment the ID-Connector limits the number of cycles the drive unit 

can operate with the disposable set. This may limit usage based on 

physical cycling of the drive-unit and/or by measured time. Additionally, 

it prevents re-use of previously used or non-sterile disposables providing 

patient safety. The ID-Connector also ensures the proper selection of 

the disposable components. In the preferred embodiment the 

I D-Connector is rigidly connected to as many disposable components as 

possible, i.e. by glue, heat or chemical bonding to the in-line pressure 

sensor and tubing set. This is, however, not necessary for the unit to 

function properly. 

[0124] It is anticipated that additional information may be encrypted into 

the ID-Connector such as, but not limited to: 

Drug information such as Drug Name and Formulation, Drug 

Manufacturer, Lot Number; 

Information related to the disposables assembles; 

Information related to expiration of dates for drug; 

Information related to sterility of disposable kit; and 

Date and time the ID-Connector was used. 

[0125] In the preferred embodiment a 20cc syringe 18 is connected to 

the Meritans pressure transducer 20 with attached I D-Connector and 48" 

Arterial Pressure Tubing set 22. At the distal end of the tubing set a 

Touhy (hollow-bore) needle 24 is connected such in the Figs. 1, 2 and 
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7. 

[0126] Step 3: After she syringe 18 is inserted in the 

Syringe-Receptacle, the operator will view an initial screen 62 on the 

Drive Unit 50 stating "Load Syringe and Press Continue". Touchscreen 

interface 62 allows the operator to touch the "Continue" button which 

enables the Auto-Engage-Aspiration-Receptacle to make contact with 

the syringe thumb-pad. See Fig. 8B. The Drive-Unit can detect and 

confirm that the proper disposables have been inserted into the 

instrument through a series of features. The confirming design features 

include: 

[0127] 1. A unique Identification Detector-Connector (ID-Connector) -

that is able to communicate with the CPU confirming that the proper 

disposable assembly has been selected and attached to the Drive-Unit. 

If the ID-Connector detects an improper selection of disposable 

assembly or an attempt to Re-Use a disposable assembly, the Drive-Unit 

will prevent further operation and display a warning message and/or 

make a signal. The ID-Connector also can limit the number of cycles 

performed with a given disposable set-up. The ID-Connector controls 

the system and functions directly and/or indirectly through the CPU. 

Information is passed to/from the connector in both directions and 

therefore the CPU can store or alter the content and information on the 

ID-Connector during operation. 

[0128] 2. The Auto-Syringe-Detection feature utilizes retention hooks of 

the Auto-Engaging-Aspiration-Receptacle to verify that the proper size 

syringe is selected. Confirmation is established by the size of the 

syringe thumb pad and the diameter between the hooks of the 

Auto-Engaging-Aspiration-Receptacle. If the syringe size and receptacle 
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size are mismatched the hooks cannot engage. The loaded syringe is 

first detected through a load cell contained drive unit syringe-armature. 

Forward motion of the syringe-armature is automatically stopped once 

resistance is detected on the syringe thumb-pad. The syringe-armature 

will then reverse direction after the spring-activated hooks engage the 

syringe thumb-pad. In the preferred embodiment, when a smaller 

diameter thumb-pad is used for a syringe size other than a 20 cc syringe 

the engaging hooks will not engage and a syringe will not be detected. 

A warning message is displayed or signal made and further use of the 

drive-unit is prevented. It is anticipated that different dedicated syringe 

sizes could be incorporated into specific designs, for example a 10 cc 

syringe or 5 cc syringe. 

[0129] The Auto-Syringe-Detection feature also determines the volume 

of fluid within a syringe by an optical and or mechanical sensor. The 

volume is displayed. 

[0130] Once detection of the syringe is completed and confirmed the 

system can automatically purge an appropriate amount of fluid into the 

tubing set to fully charge the disposable. 

[0131] 3. In the preferred embodiment the Auto-Purge feature is 

activated after the Auto-Syringe-Detection feature. This ensures that the 

proper syringe is installed in the syringe receptacle. It is possible to 

change a global setting so that Auto-Purge does not occur, in which case 

a manual-purge option can be used from contacting the touch-screen. 

It may also be possible to by-pass purging altogether. By-passing 

"Auto-Purge" and "Manual Purge" is an option when a syringe 

disposable set up is used multiple times on the same patient, in which 

case the tubing set would have already been charged from the first 
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purge cycle performed. See Fig. 8A. 

[0132] On the far right of the touch screen shown in Fig. 8C is a series 

of touch-tab's that can be assessed at any time during operation. 

1 - "Patient" screen: Allows patient/doctor information to be input. 

2 - "Locate" screen: Active injection screen that shows a visual 

display of Flow Rate and of fluid pressure during the injection process 

thereby enabling the operator to locate the target. P1 and P2 values 

are noted on the screen as well. 

3 - "Settings" screen: Allows the flow rate and pressure values, 

P1 value and P2 pressure value to be changed. Screen brightness, 

Audio-Sound Volume to be selected. Additional features include 

"Calibrate Touch" touch screen sensitivity and Set Date and Time, 

Auto-Purge On/Off. 

4 - "Data" screen: Allows review, electronic transfer and printing 

of data collected during previous Locate Injection performed. 

[0133] Patient screen is accessed by touching the "Patient" tab on the 

right of the screen. Note that the operator can switch between any 

screen during operation by simply touching the "tab" on the right of the 

screen. 

[0134] Touching the "Patient" tab displays a screen (namely Fig. 8C) 

while the operator can input patient and doctor data that will be recorded 

with a time and date for the patient. See Fig. 8C and Fig. 8D. 

[0135] Referring to Fig. 8E, a setting screen displays the following user 

adjustable settings: 

1. "Brightness" to allow the screen to be made brighter or darker. 

Once selected the screen will default to that value in the future. 
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2. Audio-Volume adjustment to adjust the sound level during 

operation. 

3. Calibrate Touch to adjust the sensitivity of the touch screen to 

accommodate for operators using barriers and /or gloves. 

4. Set Date and Time to adjust the date and time. 

5. Flow-Rate value to adjust the rate selected. 

6. Pressure Limit - P1-value. The P1-value is the pressure at 

which the flow-rate will stop but continues to record, display and 

announce real-time pressure sensing. 

7. Pressure Limit-Start-P2-value. The P2-value is the pressure 

at which the flow-rate will resume once reached. 

[0136] In the preferred embodiment the P1-value and P2-value will be 

different. The P2-value should be lower then the P2-value, this enables 

a pressure (P1 -value) at which the flow-rate will stop after the pressure 

attains that initial limit. The flow-rate resume once the pressure 

identifies a second lower pressure defined as P2-value. 

[0137] However it is conceivable that the P2-value could also be higher 

then the P1 -value, in which case the flow rate will only resume when the 

pressure increases to a new pressure limit. The operator may select the 

same P1-value and P2-value. 

[0138] Fig. 8F illustrates data screen that displays patient information 

and physician information and retains a record of the location and 

injection event. This information can be stored on a removable medium 

and/or directly printed to a printer from the drive unit. 

[0139] The locate screen provides essential information during the 

location and injection process of the procedure and is shown in Fig. 8G. 
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[0140] This is the "Locate" mode active screen is viewed during 

operation. The following touch-screen features can be accessed directly 

from this screen: 

1. "Start"/"Stop" button to start the flow and stop the flow of fluid 

manual. 

2. "Tare Pressure" feature: Allows the system to subtract 

erroneous pressure reading do to altitude or height discrepancies 

between the patient and the instrument. 

3. "End Treatment" will return the user to the Purge Window to 

reload either a new syringe set up for a new patient or allow a second 

syringe to be used on the same patient. 

4. "Volume Remaining" is viewed as a graphic image of a 

syringe. As the fluid is expressed the graphic picture changes to reflect 

the change in volume showing in the visual. 

5. "Pressure" is provided in mm/Hg in real-time during operation. 

6. Flow-rate volume that is being used. 

7. Visual Graph displaying the pressure reading in a graph format. 

8. Audible Sound reflecting the Pressure and Flow of the fluid. 

9. P1, and P2 if used, and P3 is used, are represented on the 

graph of the screen. P2 is noted as a lower pressure limited represented 

as a highlighted colored horizontal line on the graph itself. 

10. "Print" - the operator can print the data and supporting graph 

from this screen. 

11. Time and Date are displayed on the screen. 

12. Scrolling Graph - representing the majority of the screen 

shows a visual representation of the Flow-Rate and Pressure data being 

recorded. This same information is provided to the user in a Audible 

tone or signal so that the operator does not have to necessarily view the 

screen at all times. 
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Clinical Rational for a Non-Continuous Fluid-Flow With More 

Than One Distinct Pressure Limit Value 

[0141 ] It is important to set a distinct first upper pressure limit, defined as 

the first selected pressure P1, that is to stop fluid flow. This limits the 

quantity of fluid to be injected during the process of identification of the 

fluid filled tissue space. This is an improvement over the prior art since 

it prevents continuous flow of fluid into tissues which may have many 

adverse consequences. 

[0142] A continuous fluid system was used for the detection of a 

anatomic fluid filled space, such as the Epidural Space or Intra-Articular 

Joint Space, in the patents to Timo Lechner (US Patent 7,922,689) and 

Tim Patrick (US Patent 8,002,736). For these instruments the operator 

is required to place fluid into tissues on a continuous basis to identify the 

tissues via pressure. The deficiency of these patents is that a 

continuous flow of fluid is required during the continuous pressure 

sensing and identification of an anatomic site or structure. The 

continuous fluid flow can: 1) cause tissue damage by 

over-pressurization of tissues; 2) Increase the pressure in the tissue 

introducing a biasing factor and error to pressure measurements within 

the tissues leading to failure of intended action; 3) Cause unnecessary 

intra-operative and post-operative pain; 4) Excessive use of drugs and 

fluids within the tissue can result in an adverse drug interactions for 

patients. Therefore, a system that utilizing a non-continuous fluid flow 

system capable of real-time pressure feedback is distinctly different 

current inventions represented in the prior art. 

[0143] Having the ability to set more than one specific pressure value 

distinctly different from P1 provides a means to detect a Low Pressure 
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Target within an anatomic location without introducing additional fluid. 

This uses fluid-flow as the detection parameter to identify of a specific 

anatomic location of the body. It creates a location device that uses a 

fluid-pressurized system with non-continuous fluid flow based on more 

than one pressure value limit. This is distinctly different from the 

CompuFlo technology previously presented in US Patent 7,449,008 

Hochman. 

[0144] While the invention has been described with reference to several 

particular embodiments, it is to be understood that these embodiments 

are merely illustrative of the principles of the invention. Accordingly, the 

embodiments described in particular should be considered as 

exemplary, not limiting, with respect to the following claims. 
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WHAT IS CLAIMED IS: 

1. An apparatus for administering fluid into a fluid-filled anatomic space 

capable of receiving fluid at a lower pressure than tissues surrounding the anatomic 

space, the apparatus comprising: 

a disposables assembly comprising: a syringe having a body for containing a 

fluid to be injected into the anatomic space, the syringe having a plunger movable in 

one end of the body for dispensing fluid from an opposite end of the body, tubing 

permanently connected to the opposite end of the body, a needle connected to the 

tubing and having a point insertable into a subject and movable through tissues 

surrounding the anatomic space, for seeking the anatomic space, and an in-line 

pressure transducer for generating a signal corresponding to an instantaneous 

pressure at the point of the needle; 

a drive unit mechanically connected to the syringe and electrically connected 

to the pressure transducer, the drive unit including a controller with a computer, a 

memory for storing a first selected pressure (P1) that is selected to be compatible with 

injecting fluid into the fluid-filled anatomic space, a motor connected to and controlled 

by the computer, and a syringe armature connected to the motor and mechanically 

connected to the syringe for moving the plunder into and out of the body for 

respectively injecting and aspirating fluid at the point of the needle for injecting and 

aspirating fluid into and out of the subject; and 

the computer being programmed to control the motor to move the plunger for 

a non-continuous fluid flow into the subject until the first selected pressure (P1) is 

detected by the pressure transducer at which time the motor is stops to stop a flow of 

additional fluid to the subject until the instantaneous pressure at the point of the 

needle drops below the first selected pressure, at which time the program resumes 

operation of the motor to resume fluid flow to the subject, so that as the needle is 

moved in tissues of the subject surrounding the fluid-filled anatomic space, fluid flow 

to the tissues stops at instantaneous pressures above the first selected pressure (P1) 

and resumes when the instantaneous pressure falls below the first selected pressure, 
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to indicate the point of the needle is in the anatomic space and to then resume 

injecting fluid into the anatomic space. 

2. The apparatus of claim 1, including the memory storing a second selected 

pressure (P2) that is below the first selected pressure (P1) by a first selected amount, 

the computer being programmed to resume operation of the motor to resume moving 

the plunger to resume flow of fluid to the needle point when the instantaneous 

pressure is below the first selected pressure (P1) by the first selected amount. 

3. The apparatus of claim 1, including the memory storing a second selected 

pressure (P2) that is below the first selected pressure (P1) by a first selected amount, 

the computer being programmed to resume operation of the motor to resume moving 

the plunger to resume flow of fluid to the needle point when the instantaneous 

pressure is below the first selected pressure (P1) by the first selected amount, the 

memory also storing a third selected pressure (P3) that is below the first selected 

pressure (P1) and above the second selected pressure (P2), the computer being 

programmed to again stop operation of the motor to stop moving the plunger to again 

stop flow of fluid to the needle point when the instantaneous pressure rises to the third 

selected pressure (P3) after having reached the second selected pressure (P2). 

4. The apparatus of claim 1, wherein said controller has an input for receiving 

at least one parameter including at least the first selected pressure (P1). 

5. The apparatus of claim 3, wherein said controller has an input for receiving 

a plurality of parameters including at least one of the first, second and third selected 

pressures (P1, P2, P3). 

6. The apparatus of claim 1, wherein said first selected pressure (P1) is 

between about 25 mm/Hg and about 300 mm/Hg. 
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7. The apparatus of claim 1, wherein said second selected pressure (P2) is 

between about 25 mm/Hg and about 100 mm/Hg. 

8. The apparatus of claim 3, wherein said third selected pressure (P3) is 

between about 80 to about 180 mm/Hg depending the anatomic space, the first 

selected pressure (P1) being about 80 to about 300 mm/Hg depending on the 

anatomic space and the second selected pressure (P2) being about 20 to about 100 

mm/Hg depending the anatomic space. 

9. The apparatus of claim 4, wherein said at least one parameter is selected 

from the group consisting: of injection tubing length; injection tubing bore; injection fluid 

viscosity; injection fluid composition; and injection fluid temperature. 

10. The apparatus of claim 1, wherein said pressure transducer is permanently 

connected in-line at the connected between the opposite end of the syringe and the 

tubing. 

11. The apparatus of claim 1, wherein said drive unit has a housing with a 

syringe cavity for removably holding the body of the syringe in an axially fixed position 

on the housing, and a plunger recess wherein the plunger is free to move, the syringe 

armature having a stage movable along the plunger recess, the plunger having thumb 

pad and the stage having at least one pivotally mounted and spring-loaded hook for 

engaging the thumb pad when the stage is moved to engage the thumb pad to axially 

connect the stage to the thumb pad so that movement of the stage in opposite 

directions moves the plunger in opposite directions, the syringe armature including a 

sensor for sensing that the stage has been moved to engage the thumb pad, the 

computer being programed to stop the movement of the stage under the influence of 

the sensor when the stage has engaged the thumb pad. 

12. The apparatus of claim 1, including a proprietary connector, electrically and 
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mechanically connected between the pressure transducer and the controller for 

allowing operation of the controller only if an authorized a disposables assembly is 

connected to the pressure transducer. 

13. The apparatus of claim 1, wherein said needle point is adapted for insertion 

into one of: an epidural tissue space; an intra-articular space; an intra-occular fluid of 

a globe of an eye; an vessel of the body; and a tissue space comprised primarily of 

bodily fluids. 

14. The apparatus of claim 13, wherein said needle is a catheter needle. 

15. The apparatus of claim 1, wherein said injection fluid comprises a drug. 

16. The apparatus of claim 1, wherein said apparatus further comprises a 

visual signal, under the control of said controller, wherein said visual signal indicates 

each time said flow rate starts or stops. 

17. The apparatus of claim 1, wherein said controller further comprises an 

audible signal generator under the control of said controller, wherein said audible 

signal generator generates an audible indication each time the fluid flow starts or 

stops. 

18. The apparatus of claim 1, wherein said disposables assembly includes a 

rigid and elongated handle permanently connected to the tubing, and for connection 

to the needle, the handle having a length of about 10 to 20 cm. 

19. A method for administering an injection into a fluid filled tissue space, said 

method comprising: 

providing a testing fluid, an injection fluid, a pumping mechanism, and an end 

adapted for insertion into said patient, pumping said testing fluid into said patient, 
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calculating the fluid pressure of said testing fluid at an interface between said end and 

the fluid filled tissue of said patient, controlling the flow rate of said injection fluid such 

that said fluid flow initiates once measured pressure drops below pre-set fluid 

pressure, identifying the loss-of-pressure associated with the entry of said end into 

said fluid filled tissue space, and pumping said injection fluid into said fluid filled tissue 

space. 

20. The method of claim 19, wherein said testing fluid is selected from the 

group consisting of physiological saline, phosphate-buffered saline, artificial cerebral 

spinal fluid, Ringers, 5% dextrose, and filtered air. 


