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1. The method of delivering gas into an animal's cardio-vascular 
system to enable the gas to function as an angiographic contrast medium 
comprising the step of:

injecting the gas at a rate which synchronizes with systolic 
and diastolic phases of the cardiac cycle to provide total displacement of 
blood by the gas in an area of interest, wherein the gas is carbon dioxide 
or a gas of similar characteristics as hereinbefore defined.

12. An apparatus for the controlled injection of a gas into the 
vascular system of an animal to completely displace blood in an area to be 
Studied, the apparatus comprising:

an inlet port for permitting gas to enter into the apparatus;

an outlet port for permitting said gas to exit from said I
apparatus and into the vascular system of an animal;

and
injector means for delivering said gas to said animal at a

..,/2
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controlled flow rate synchronous to the flow rate of blood in the animal's 
vascular system;

said injector means including control means to vary said 
controlled flow rate during the course of an injection, wherein the gas is 
carbon dioxide or a gas of similar characteristics as hereinbefore defined.
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the best method of performing it known to us:



»

ΙΑ

CONTRAST MEDIA INJECTOR

BACKGROUND OF THE INVENTION
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The present invention relates to an injector for 

injecting a gas contrast media into the bloodstream and more 

particularly to such an injector for injecting carbon dioxide into 

the bloodstream in a controlled manner.

Carbon dioxide injected into the blood stream can serve 

as a negative contrast media for angiographic procedures or as a 

blood displacement media for procedures such as arteriograms, 

angioscopy and laser therapy.

Liquid iodinated contrast is one presently used contrast 

media for angiography. The liquid iodinated contrast is injected 

into the bloodstream at a predetermined flow rate. When liquid 

iodinated contrast enters the bloodstream, it mixes with the blood 

and flows downstream. Although iodinated contrast media is 

generally useful and safe, it ca,n create serious problems and even 

death in people with iodine allergies.

Saline is a known blood displacement media and is 

frequently used during laser therapy and angioscopy. Saline has 

limited use as it cannot be safely injected in large doses. Carbon 

dioxide, in contrast to saline, has superior light transmittance 

and thermal insulating prop'_ ~i.es.
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Carbon dioxide, in contrast to known prior art contrast 

and displacement media, is inexpensive, non-toxic, and is readily 

released from the body by the normal breathing process. However, 

there have been problems safely and effectively using carbon 

dioxide as a contrast media with presently known delivery systems 

due, in part, to the fact that carbon dioxide is a compressible

gas.

When carbon dioxide is injected into the vascular system, 

it compresses and expands along with the pressure wave created by 

the cardiac output. Blood forced into the aorta during cardiac 

systole moves the blood forward in the blood vessels and sets up 

a pressure wave which travels down the arteries. The arterial 

pressure rises during systole and lowers during diastole.

The flow rate of blood through the vascular system 

depends upon the cardiac cycle and blood pressure. The flow rate 

can be measured directly using known means.

When carbon dioxide is injected into the bloodstream, it 

forms bubbles. Carbon dioxide does not mix with the blood. For

carbon dioxide to function as a viable contrast media or 

displacement media, it must completely displace the blood in the 

area of interest. If it does not, any area of blood not displaced 

will falsely appear to be a stenosis or lesion. The carbon dioxide 

must completely displace the blood in the area of interest for the 

entire injection period. For this displacement to occur the carbon 

dioxide must be injected at a pressure greater than the pressure 

of the blood itself. However, if the pressure differential between
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the injected carbon dioxide and the blood is too great a reflux or 

retrograde flow of carbon dioxide occurs. This reflux necessitates 

the injection of additional carbon dioxide and further creates 

safety problems due to the uncontrolled nature of the carbon

dioxide flow.

Care must be taken with carbon dioxide to prevent blood 

clots from forming. Additionally, care must be taken to prevent any 

pressure spike at the initiation of the carbon dioxide injection. 

Additionally, care must be taken to avoid an explosive delivery 

which can cause patient pain. Further, nitrogen and oxygen should 

be removed from the injector system to insure patient safety and 

comfort.

It is preferable to inject as little carbon dioxide as 

possible without sacrificing the integrity of the procedure and, 

it is preferable to have the carbon dioxide injected at the lowest 

pressure which still permits complete displacement of blood.

Accordingly, it is an object of the present invention to 

provide a device for introducing carbon dioxide into the 

bloodstream such that carbon dioxide can function as a contrast and 

blood displacement medium.

It is another object of the present invention to provide

such a device which enables the carbon dioxide to completely

displace the blood in the area of interest for the entire

injection.

ii
■?
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It is yet another object of the present invention to 

provide such a device which minimizes safety hazards and enhances 
patient comfort.

Yet a further object of the present invention is to 
jQ provide such a device which minimizes problems, such as blood clots

or explosive delivery.

< f. € 6
1



5

BRIEF DESCRIPTION

5 In one form the invention is said to reside in a method of delivering
gas into an animal's cardio-vascular system to enable the gas to function
as an angiographic contrast medium comprising the step of;

injecting the gas at a rate which synchronizes with systolic
and diastolic phases of the cardiac cycle to provide total displacement of

10 blood by the gas in an area of interest, wherein the gas is carbon dioxide 
or a gas of similar characteristics as herein defined.

In another form of the present invention there is provided an 
apparatus for the controlled injection of a gas into the vascular system of

15 an animal to completely displace blood in an area to be studied, the 
apparatus comprising:

an inlet port for permitting gas to enter into the apparatus; 
an outlet port for permitting said gas to exit from said

apparatus and into the vascular system of an animal;
20 and

injector means for delivering said gas to said animal a; a 
controlled flow rate synchronous to the flow rate of blood in the animal's 
vascular system;

said injector means including control means to vary said 
25 controlled flow rate during the course of an injection, wherein the gas is

carbon dioxide or a gas of similar characteristics as herein defined.

The gas may be carbon dioxide or a gas of similar characteristics. The 
characteristics are herein defined as being inexpensive, non-toxic and

30 able to be readily released from the body by normal breathing processes.

35
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a portion of 

the apparatus of the present invention showing the injector prior 

to the carbon dioxide source being connected thereto.

Fig. 2 is a schematic view showing the apparatus of the 

present invention.

Fig. 3 is a schematic view showing the sterile system of 

the apparatus of the present invention.

Fig. 4 is a schematic view of a portion of the injector 

of the present invention to indicate the path of flow of carbon 

dioxide therethrough.

ft ft ft V » ft ·9 0 ft

ftft ft ft ft ft 8
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Referring now to the drawings, the reference numeral 10 

generally denotes the apparatus of the present invention. Apparatus 

10 is capable of delivering carbon dioxide, or any other 

appropriate gas, to a person's bloodstream in a controlled, 

variable manner which synchronizes the flow of the injected carbon 

dioxide to the pulsatile flow of the blood in the area to be 

studied. ' .

■ Apparatus 10 uses carbon dioxide from a carbon dioxide 

source 14. In a preferred embodiment of the invention, source 14 

is a disposable TA4 cylinder which contains a predetermined volume 

of carbon dioxide.

Carbon dioxide flows from sour-® 14 through an injector 

13, through a sterile segment 15 and is then introduced into a 

patient's blood stream via a catheter 34. The flow rate of the 

carbon dioxide is controlled by a valve 20, in injector 13, which

has a variable orifice. Valve 20 is in turn controlled by a 

microprocessor 12. In a preferred embodiment of the invention valve
30

··“ » 20 is a DC controlled valve which is capable of regulating gas flow

rates between 3 cc/sec to 225 cc/sec. In use the valve is regulated 

to a first higher- flow rate during systole and a second lower flow 

rate during diastole. The response time of the valve orifice in 

switching between the systolic and diastolic flow rates is about 

3 milliseconds.
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Other means to control flow may be used instead of a 

variable orifice valve. Examples of such means is the use of a two 

intermediate reservoir system which holds the carbon dioxide at two 

different pressures, a series of cascading valves coupled to

•jQ calibrated orifices, and two variable pressure regulators.

The orifice of valve 20 is controlled by a microprocessor 

12 to achieve the desired pulsatile flow rate of carbon dioxide. 

To do this the following input data is provided to microprocessor

12. The operator makes a clinical determination of the desired flow
» 9 I

«‘‘•J rate to be delivered during systole and inputs this into
ft 44

microprocessor 12. The flow rate of carbon dioxide during diastole
• ♦ 4

*· *«ί is a predetermined percentage of the systolic flow rate and in the
ft » ■ii’·'
• “'s"' preferred embodiment of this invention is about twenty percent of

the systolic flow rate. An operator inputs into microprocessor 12 

a clinically determined volume of carbon dioxide that is to be
ft t U ·
,,,, injected during the injection procedure and also provides theft » I « I t

microprocessor with the length and the diameter of catheter 34.
*444• ft 4 .' · Information concerning the patient's cardiac cycle and blood

pressure is provided to the microprocessor using conventional
« ». 3θ

.· means. In the preferred embodiment of the invention blood pressure 

information is provided by a disposable blood pressure transducer 

mounted in sterile system 15 and cardiac cycle information is 

provided by coupling apparatus 10 to a standard 3-lead 

electrocardiogram. From this input data the microprocessor 

determines, based on known calibration algorithms the amplitude

I
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and duration of the opening of the valve 20 orifice. The 
microprocessor 12 synchronizes the opening and closing of the valve 
20 orifice to the systolic and diastolic portions of the patient's 
cardiac cycle so that the flow of carbon dioxide is in turn

10 synchronized to the patient's blood pressure wave.
When carbon dioxide is not being injected into a patient,

a saline drip is injected to prevent clotting of blood in the 
catheter. Both the carbon dioxide and the saline flow through the 
common sterile segment 15. The carbon dioxide flows through the 
sterile segment 15 after it has gone through injector 13. The 
sterile segment 15 thus couples both a saline source and injector 
13 to catheter 34 and does so using two lengths of sterile tubing 
40, 42 joined at their distal ends into a single three-way stopcock
32.

The path of flow of saline is as follows. Pressurized 

saline from a bag 22 or other source is connected to sterile

, s segment 15 using spike 31. A roller clamp 33 and an external pinch
'i ί * 
tit

valve 35 are provided to control the flow of saline through tubing
11 i ft
‘ ** 42. The saline flows through a check valve 37 which prevents reflux

30
of carbon dioxide into the saline bag 22, then through a blood

I «* t
,· pressure transducer 39 and then through high pressure three-way 

stopcock 32 into catheter 34. External pinch valve 35 insures that 

saline and carbon dioxide do not simultaneously flow into the 

catheter and also insures that saline flows into the catheter 

whenever carbon dioxide does not so flow.

The path of flow of the carbon dioxide is as follows. After
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leaving source 14 the carbon dioxide flows into injector 13.
In injector 13 the carbon dioxide flows past a two micron filter 
24 which removes gross particulate contaminate from the carbon
dioxide. It next flows through a pressure regulator 26 which lowers 

10 the pressure as fed from source 14 and standardizes the pressure 
of the carbon dioxide in the injector. After that the carbon
dioxide flows through an on/off valve 28 which is capable of

halting the flow of the carbon dioxide in injector 13. The carbon
dioxide then flows through valve 20. After flowing through valve

20, the carbon dioxide flows through a mass flow sensor 9 which
·’*·,{ feeds instantaneous flow rate data to microprocessor 12. The
4 * t i '

**.*,9*'· carbon dioxide then flows through on/off valve 7 immediately
* * '

*' ’»< proximal to the point of connection of the sterile segment to
* ί ■ ' . ■ ■ '# t . '
' injector 13. Then the carbon dioxide exits injector 13 and flows

into sterile segment 15 through tubing 40 where it flows through 

a sterilizing filter 29, a check valve 30, a blood pressure

,, transducer 39 and stopcock 32 into the patient via catheter 34. All
I ■ ' ■ '

of the valves and filters ir the sterile segment 15 are
•« t <ft * < . '
’ θθ hermetically sealed and bonded.

In use, catheter 34 is introduced into a patient, and
¢04 t

,· then the sterile segment 15 is connected to the catheter. The 

stopcock 32 is put in a back flow position to evacuate air from the

catheter 34.

Prior to commencing an injection of carbon dioxide and after 

the connection of the catheter to the closed system, apparatus 10 

is purged. The purge removes ambient air, which contains a high
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percentage of nitrogen, from the apparatus to insure patient 

safety. During this purge the carbon dioxide is allowed to run 

through injector 13 and sterile segment 15 with stopcock 32 in its 

open position to vent the air in the system to the atmosphere.

10 After a sufficient volume of carbon dioxide is run through the 

injector, the stopcock 32 is placed in its' injecting position. A 

purge cycle must be run anytime the sterile segment has been 

disconnected from the injector 13 and anytime a new source 14 is 

connected to injector 13.

.At the beginning of each injection a predetermined volume 

of carbon dioxide is dispensed into the sterile segment. The volume 

ί of carbon dioxide injected is just enough to clear the saline from

‘J the sterile segment and catheter. The purpose of this is to
it . , :
‘ «... establish a continuous column of carbon dioxide between the source

I?

and the patient. Because of its gaseous nature the carbon dioxide 

compresses when exposed to pressure. This presents a problem when
f IC’

* an injection commences. Without this flushing injection of carbon 

“ ‘ dioxide, the gas would compress further as it pushed the column of
e * β ft
» ‘ saline. This compression would be relieved in the form of a 

30
transient explosion as the carbon dioxide reached the end of the 

ί,.6’·. catheter. To prevent this, a continuous column of carbon dioxide 

between injector 13, the sterile segment 15 and the patient's blood 

stream is created prior to injection. This continuous volume of 

carbon dioxide is generated by flushing out the saline in the 

system using the small volume injection of carbon dioxide to push 

the saline out in front of it. Too much carbon dioxide, at this
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point, would cause explosive decompression and blood vessel damage.

!I
l

1j|
I
1

As soon as adequate time has elapsed to allow the 
predetermined volume of carbon dioxide to expand through the

•jq sterile segment and catheter, injection at the predetermined 
systolic and diastolic flow rate is commenced. Injection commences

4

upon the detection of an R-wave peak. And, as heretofore set forth, 
the orifice of valve 20, under the control of microprocessor 12, 
will open and close synchronous to the
systolic and diastolic portions of the patient's cardiac cycle to set. . : . : :
thus vary the pulse flow rate of the carbon dioxide into the

« β«
’ ·'«·« . patient so as to enable total displacement of blood in the area of

© j fjpiw
*- *«'» interest. The systolic segment time and diastolic segment time areβ 6 "
• determined by the blood pressure transducer 39 using known

.s

I

relationships. Injection will proceed until the amount of carbon 

dioxide previously determined by the operator has been delivered.
Hit/t , .4t< This injection will generally extend through a plurality of cardiac
4 1

cycles.
• 4 t «
• 44
’ * At the completion of an injection, residual compressed

30
carbon dioxide is vented to the atmosphere through a solenoid valve

ft A . ■ ■ ■

Z 17· The venting of this residual gas prevents additional carbon 

dioxide from being accidentally injected into the patient. Valve 

17 remains open until a pressure transducer 25 senses that the 

residual pressure in the injector is nominally above physiologic

pressure.

1
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Apparatus 10 includes a number of mechanisms for 

enhancing the safety of the injection procedure. Additional safety 

is provided by pressure transducer 23 which measures the pressure 

in source 14. This pressure information is used to determine if

jQ source 14 contains an adequate amount of carbon dioxide for the 

injection and to determine if the source 14 is connected to the 

injector 13. If there is not sufficient carbon dioxide for an
;· s t
'■ ’ injection the microprocessor will not allow an injection to

t■■ S : ' :
’ commence. If the source 14 has been disconnected the microprocessor

, will .give an appropriate signal to alert the operator that a purge 

«« of the system must be run prior to an injection.
t t » I

For additional safety, mass flow sensor 9 is used to 

determine instantaneous flow rate through injector 13 and to

determine the total amount of carbon dioxide delivered during an
a n

injection. If the instantaneous flow rate is not within input

,♦ ,« parameters or if the predetermined volume has been delivered
« 4

microprocessor 12 will halt the injection. An additional safety 

mechanism is provided by having microprocessor 12 calculate the
ft » · :

’ expected duration of an injection and having the microprocessor 
30

time the actual injection. Again, microprocessor 12 will terminate 

injection where the desired volume has not been delivered in the

expected time.

Signals from pressure transducer 21 are also used to 

monitor the functioning of pressure regulator 26 and to give an 

appropriate message if the pressure regulator 26 is not working
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correctly.

Λ gas sensor 43 may be placed in injector 13 to sample 

the carbon dioxide for possible contamination. In a preferred 

embodiment, gas sensor 43 is a fast acting oxygen sensor with 

sensitivity in the ppm range. The exhausted gas from sensor 43 is 

vented to atmosphere through a one-way check valve to ensure no 

entrainment of room air into the carbon dioxide gas stream.

Proximity sensor 45 is used to detect if sterile segment 

15 is connected to injector 13. This information is used by 

microprocessor 12 to determine if a purge cycle needs-to be run.

Panel 47 is used to input data into microprocessor 12 and 

is further used to display information to the operator.

Catheter 34 is disposable and catheters of different 

lengths and diameter are contemplated for use in apparatus 10, the 

length and diameter of the catheter being selected by the operator 

based upon varied criteria including the vessel into which the 

carbon dioxide will be inject^i.

Sterile segment 15 is disposable and it is contemplated 

that a new sterile segment will be used for each patient.

Apparatus 10 provides a safe and efficient way to deliver 

a pulsatile flow of carbon dioxide to a patient to enable the 

carbon dioxide to serve as a contrast media.



15

Blood Pressure Transducer 39 is monitored to ensure that the 
sterile segment 15 is not connected to a patient prior to allowing 
a purge to commence. This monitoring is done by determining if a 
blood pressure wave form can be detected. The detection of such

IQ a wave form indicates that stopcock 32 is not in the correct 
position for the purge seguence.

For safety the pressure in source 14 should be constant. This 
pressure is monitored using transducer 23. If there is a drop in

t
f this pressure after a purge cycle, another purge cycle is reguired 

prior to commencing an injection.

The actual flow rate delivered by injection 13 is a function 

of gas pressure on the upstream side of valve 20, control current 

provided to valve 20 and the size and length of the catheter 34. 

To insure flow rate accuracy the upstream gas pressure should be 

at a stable pre-set valve and this pressure is monitored using 

pressure transducer 21.

s t t 30
‘‘ R-wave internal is measured by microprocessor 12 to ensure

that it is within physiologically normal ranges. Additionally, R- 

wave interval is monitored during an injection to ensure that there 

is continuity of R-waves during the injection. The purpose of 

these monitoring functions is to ensure that clinically efficacious 

studies are generated from each injection and that the patient is 

not exposed to more carbon dioxide than necessary.
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Microprocessor 12 has a delay program to prevent sequential
injections from occurring within a five minute time span. This to
ensure that the carbon dioxide delivered during an injection
fully absorbed by the body prior to a subsequent injection. This

•jg minimizes the risk of ischemia. 
_

Microprocessor 12 is programmed to limit injection volume to
• 6 · 6

ί 1000 co to prevent excessive injection volumes from being
• © «

• *·» administered which could result in carbon dioxide build-up
©4*
6 4»
”·1 resulting is ischemia.
4« «©it
« u

• ·
• i
• ♦ « ♦

ci » « t 11« >.
11 e << ι t

<4 c 4 «.« £

4 ·<
• · 44 44 V

30
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. The method of delivering gas into an animal's cardio-vascular 
system to enable the gas to function as an angiographic contrast medium 
comprising the step of:

injecting the gas at a rate which synchronizes with systolic 
and diastolic phases of the cardiac cycle to provide total displacement of 
blood by the gas in an area of interest, wherein the gas is carbon dioxide 
or a gas of similar characteristics as hereinbefore defined.

2. The method of claim 1 wherein:
gas is injected at a first predetermined rate during 

systole and a second predetermined rate during diastole.

3. The method of claim 2 wherein said rate during diastole is a 
predetermined percentage of said rate during systole.

4. The method of claim 3 wherein said predetermined 
percentage is about twenty percent.

5. The method of claims 1 to 4 wherein said step of injecting is 
undertaken over a plurality of cycles of systole and diastole.

fc · »fcfcc ·< fc fc * « ι β
9
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The method of claim 1 including the additional

steps of:

(a) determining a desired flow rate of gas to be 

delivered during systole;

(b) determining a desired flow rate of gas to be 

delivered during diastole;

(c) determining the total volume of gas to be

delivered;

(d) introducing the gas into the animal using a

7 catheter;

: (e) gathering, on an on-going basis, information

relating to the animal's cardiac cycle;

(f) gathering information relating to the 

animal's blood pressure;

(g) providing a microprocessor with the

information determined in steps (a), (b), (c), (e) and (f) and

with the length and diameter of the catheter;

(h) providing an injecting apparatus and 

connecting said apparatus to both said catheter and to a source 

of gas, the injecting apparatus including means to vary the flow
t«’*« rate of gas through the apparatus, said means being controlled by 

said microprocessor such that the gas flows at a first flow rate 

during systole and at a second flow rate during diastole.



19

Μ

ι 1
Μ

7. The method of claims 1 to 6 wherein said gas is 

carbon dioxide.

8. The method of claim 7 further including the step of 

providing a saline drip to enter the catheter when not injecting 

carbon dioxide to prevent the clotting of blood.

9. The method of claims 7 and 8 further including the 

step of purging ambient air from the injecting apparatus.

10. The method of claims 7 to 9 further including the 

step of establishing a continuous column of carbon dioxide 

between the injecting apparatus and the animal by injecting a 

predetermined volume of carbon dioxide through the apparatus.

t 11. The method of claim 1 wherein both said gas and a
t e < t ’ ;

liquid flow through a system that is closed to the atmosphere,
«

the initializing safety steps of causing a predetermined volume♦ I :♦ t
‘ ' of said gas to initially flow through the system to remove any

30 liquid in the system prior to said step of injecting.
♦ · » ' ' '© » β« · · ·

■^1
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5 12. An apparatus for the controlled injection of a gas into the
vascular system of an animal to completely displace blood in an area to be

; studied, the apparatus comprising:

an inlet port for permitting gas to enter into the apparatus;
! 10
ί an outlet port for permitting said gas to exit from said
i'j apparatus and into the vascular system of an animal;I
I
I and

15 injector means for delivering said gas to said animal at a
f. .
j controlled flow rate synchronous to the flow rate of blood in the animal's
{ vascular system;

said injector means including control means to vary said 
20 controlled flow rate during the course of an injection, wherein the gas is

carbon dioxide or a gas of similar characteristics as hereinbefore defined.



21

. ί

β # 9i » ο β
0 9 ·

‘ « β• » t
k * «» 1 ί*«ίί
* · <' * «« r ι

tti
I ΐ.

« <

β ** «

» * { ί* 1 ίβ t

* · · β Λ < « · » »

13. The apparatus of claim 12 and further comprising a 

sterile segment attachable to said means for delivering gas and 

to said outlet port and, wherein said outlet port is a catheter.

14. The apparatus of claim 13 and further comprising a 

source of saline, said saline flowable through said sterile 

segment to provide a saline drip while said gas is not being 

delivered through said catheter.

15. The apparatus of claims 12 to 14 wherein said gas 

is carbon dioxide.

16. The apparatus of claims 12 to 15 and further 

including means to vent gas from the apparatus at the conclusion 

of an injection.

17. The apparatus of claims 12 to 16 and further 

including means to sense the presence of contaminants in the 

apparatus.

18. The apparatus of claim 17 wherein the sensing 

means senses the presence of oxygen.
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19. The apparatus of claim 12 wherein said means for

delivering said gas at a controlled flow rate includes an

injector having a microprocessor which directs the opening and 

closing of a variable orifice valve.

10
20. The apparatus of claim 19 wherein said 

microprocessor is provided with information concerning the length 

and diameter of the catheter, the desired flow rates of the gas,
’’’♦'ί the amount of gas to be delivered, and information
t« ♦

‘,i regarding the animal's cardiac cycle and blood pressure and
It

‘•1 wherein said microprocessor uses this information to determine
I £ t
' the timing of the opening and closing of the valve orifice andt t - zx1 i. sj

the amount that said orifice opens.

21. The apparatus of claim 19 wherein said injector 

includes a regulator to decrease the pressure of the gas entering 

into said apparatus and to standardize said gas pressure.
I t 
t £I V

22. The apparatus of claim 19 wherein said injector 

includes a valve capable of halting the flow of gas through the 

apparatus.
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23. The apparatus of claim 15 further including a mass 

flow sensor for determining the rate of flow through the 

apparatus and the total amount of gas exiting from said exit 

port, said microprocessor using information from said mass flow

IQ sensor to determine if an injection is delivering an appropriate 

amount of carbon dioxide at appropriate flow rates and wherein 

said microprocessor is capable of halting the injection if the 

flow rates or amount are incorrect.

24. The apparatus of claim 12 wherein a predetermined 

volume of said gas is allowed to flow through said apparatus at

the initiation of an injection to establish a continuous column

of gas between the apparatus and the animal.

J

30

25. The apparatus of claim 23 wherein said 

microprocessor includes means to time the duration of an 

injection and wherein said microprocessor can calculate the 

projected time of an injection, the microprocessor being cable of 

halting said injection if the real time elapsed exceeds the 

projected time.

'jί
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Η 26. The apparatus of claim 13 wherein said sterile
fp segment includes two tubes, one through which gas flows and one

t J : : :
> through which saline flows, said two tubes joining together

ρ upstream of a three-way stopcock before the gas or saline flow
I: : : \ :
j -JQ into the catheter,
B the gas in the sterile segment flows through a

p sterilizing filter and a check valve, before it flows through said
p

stopcock,p.i
if said tube through which the saline flows has means
■ ρ
Π associated therewith to control the saline flow and wherein said

ί saline flows through a check valve before flowing through the

, „ stopcock,-
■ I •'.'.fi - . . . .j said stopcock has an inject position, and open

position, and a back flow position, the inject position for when

j an injection or saline drip is in progress, the open position
j used to purge the apparatus of ambient air prior to an injection,

and the back flow position used when the sterile segment is first 

connected to the catheter to remove air from the catheter.

■ , ,, Dated this 5th day of March 1991
t ·. ’ l

iz/ E-Z-EM, INC.
By their Patent Attorneys 
COLLISON & CO.
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