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ABSTRACT OF THE DISCLOSURE 
An apparatus is provided for employing a contrast 

agent to prepare blood vessels for X-ray photography. 
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The contrast agent is injected into the blood vessels to be 
photographed in discrete dosages in a predetermined se 
quence so that the quantity of contrast agent injected is 
controlled in relation to the blood flow rate through the 
blood vessels. The apparatus includes a programming 
device for actuating a syringe type injection mechanism 
to deliver the contrast agent to the blood vessels in the 
desired amount and sequence. 

The present invention relates to an apparatus for use 
in the preparation of X-ray photographs of blood vessels. 

Currently X-ray contrast agents, used in X-ray pho 
tography of blood vessels in the heart or the kidneys for 
example, are injected or delivered to the blood vessels in a 
single massive dosage. Thereafter, the X-ray photograph 
is completed by conventional X-ray techniques. By in 
jecting comparatively large quantities of a contrast agent, 
the X-ray photographs of some of the blood vessels, 
whether healthy or diseased, are so filled with the con 
trast agent that they are of little or no prognostic value 
to a physician or technician. In addition tissues and even 
portions of organs may be torn when a sudden surging 
of a large dosage of a contrast agent is injected through 
blood vessels, such as for example valves of the heart 
which are susceptible to being damaged. 

It has been determined that blood will flow more 
readily through healthy blood vessels than diseased blood 
vessels. Thus, any contrast agent injected into blood ves 
sels will remain for a longer time period in diseased blood 
vessels than in those adjacent blood vessels which are 
healthy. 
The present invention overcomes the prior art disad 

vantages by controlling the quantity of contrast agent in 
jected into the diseased blood vessels to be photographed 
in relation to the blood flow rate through these blood 
vessels. Preferably by injecting in a predetermined se 
quence, small separate dosages of a contrast agent, the 
proper level of contrast agent for X-ray photography in 
the diseased blood vessels will be reached. To insure 
that a proper diagnostic X-ray photograph is taken, X-ray 
photographs may be continuously taken during the entire 
injection process. 
The apparatus in accordance with the invention com 

prises injection means which when actuated deliver a 
quantity of a contrast agent to the blood vessels to be 
X-rayed and programing means for controlling the actu 
ation of the injection means in a predetermined sequence, 
thereby controlling the quantity of contrast agent injected. 

Features and advantages of the invention will be ob 
tained from a reading of the following description taken 
in conjunction with the accompanying drawing, which 
is a schematic illustration of an apparatus for use in the 
preparation of X-ray photographs. 
The drawing illustrates, as an exemplary embodiment 

of the invention, an apparatus which comprises a syringe 
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1 provided with a cavity 40 accommodating a piston 6, 
which is axially displaceable by a piston rod 5. The upper 
or delivery end 41 of the syringe 1 is engaged by a rubber 
delivery tube 2 which is in communication with a catheter 
(not shown). An upward move or thrust of the piston 
6 causes a contrast agent, disposed within the confines 
of the syringe cavity 40, to be injected into the catheter 
through the tube 2. The catheter, which delivers the con 
trast agent to the blood vessels to be X-rayed, is of course 
well known and need not be described here. The Syringe 
cavity 40 is connected to a conventional filling device 
(not shown) which is adapted to fill the cavity with a 
desired contrast agent after an injection cycle. 
Clamping means disposed adjacent the tube 2 are pro 

vided to move between open and closed positions; in the 
open position a dosage of contrast agent may be in 
jected, while in the closed position it may not. The clamp 
ing means are depicted as two elements, a fixed element 
3 and a movable element 4; a compression spring 44 
which urges the element 4 into closed clamping relation 
with the tube 2; and a coil 45 and its associated circuit 
which when energized overcomes the force exerted by the 
compression spring 44 and moves the element 4 down 
ward opening the clamping means. 

Remote from the piston 6, the rod 5 is connected to 
a piston 7 which is axially displaceable within a bore 47 
formed by an air cylinder 8. When air under pressure is 
delivered from a tank 19 through a line 15b to the bore 
47 of the cylinder 8, it acts upon the piston 7 to drive it 
and the piston 6 upwardly effecting a contrast agent dis 
charge through the tube 2. At this time the clamping 
means will, of course, be opened. To move both the pis 
tons 6 and 7 downward after a completed injection cycle, 
a lead screw 11 is manually rotated by means of a handle 
49. The screw 11, operatively engaging a lever 10 which 
is fixed to the rod 5, upon rotation moves the lever 10 
downward, and thereby translates the pistons 6 and 7 to 
their bottom positions wherein the piston 7 will be ad 
jacent but spaced from the bottom 12 of the cylinder 8, 
and the piston 6 will be adjacent the bottom of the syringe 
1. A pin mechanism 50 is adapted to disconnect the lever 
10 from the screw 11 when the piston rod 5 is to be 
moved upwardly during an injection cycle. Thus the screw 
11 will not impede the upward movement of the piston 6. 

During a downward move of the rod 5, a lever 9 fixed 
to the rod 5, is connected at its free end to a spiral-shaped 
shaft 13 and when moved by the rod 5 rotates the shaft 
13 causing an arpended programming disc 14 to be ro 
tated therewith. The shaft 13 is rotatably mounted in suit 
able bearing members 52 and 53. After an injection cycle 
the rod 5, being moved downward by the lead screw 11, 
causes the lever 9 to rotate the programming disc 14 to 
a reset position wherein it awaits the following injection 
cycle. 
The disc 14 is secured to the shaft 13 by means of 

a latching mechanism and may be readily removed there 
from and another programming disc inserted in its stead. 
The programming disc 14 functions to control the 
sequencing of a supply of compressed air delivered to 
the cylinder 8 and the operation of the clamping elements 
3 and 4. About the periphery of the disc 14, a series of 
recesses 30 and 31 have been formed. A follower mem 
ber 32, in the form on an elongated arm or lever, is 
resiliently urged into engagement with the periphery of 
the disc 14 so that upon rotation of the disc 14, at inter 
vals depending upon the spacing between the recesses 30 
and 31, it will be received within successive recesses 30 
and 31. When the member 32 is disposed within a recess, 
it actuates a switch 33 having contacts 33 (A and B). 

Contacts 33-A are normally closed but open when the 
switch 33 is actuated to de-energize the coil 45, permitting 
the spring 44 to drive the element 4 to a position where 
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it clamps the tube 2 between the elements 3 and 4. Con 
tacts 33-B also close at this time and energize a timing 
circuit T, which may include a standard make and break 
relay, adapted to open contacts T-1 for some preselected 
time interval. When the contacts T-1 open they open a 
circuit to a coil 55 permitting a compression spring 56 
to move a valve 16 to close off communication between 
the pressure tank 19 and the cylinder 8. After the selected 
time interval, which preferably may be varied within a 
range of from about 0.08 to 2 seconds, the contacts T-1 
close, energizing the coil 55 opening the valve 16. There 
after, pressure is again applied to the piston 7 which 
moves upwardly. The upward movement of the lever 9 
rotates the disc 14 causing the member 32 to leave the 
recess and open the switch 33, closing contacts 33-A and 
opening contacts 33-B. The coil 45 being energized then 
opens the clamping means. 
A valve 17 provides the means for initiating the opera 

tion of an injection cycle. The valve 17 is adapted to open 
and close communication between the cylinder 8 and 
the source of pressure 19. To accomplish this function, 
the valve 17 is provided with a cam follower roller 26 
which is resiliently urged into engagement with a ro 
tatable cam 27. The cam 27 is keyed to a shaft 58 which 
may be driven by a speed motor M or rotated manually 
by means of a crank. The basic function of the cam 27 
is to open the valve 17 during an injection cycle and to 
close it after completion of the cycle. Therefore, the mo 
tor M could, for example, be energized by the engage 
ment of the arm 32 with a recess in the disc 14 energizing 
a circuit at the end of an injection cycle. The circuit then 
would energize the motor M to rotate the cam 27 to a 
position where it closes the valve 17. By rotating the cam 
27 to its operative position, the valve 17 opens providing 
communication betwene the tank 19 and the cylinder 8. 
At this time the shaft 58 closes a set of contacts 26-A in 
series with the coil 45 operating the clamping elements 3 
and 4. When closed, the valve 17 opens an exhaust port 
60 in the line 15b which permits the downward move 
ment of the piston 7, caused by the lead screw 11, to ex 
haust air from the bore 47 of the cylinder 8, while closing 
off communication between the tank 19 and the cylin 
der 8. 
The pressure supplied to the cylinder 8 from the com 

pressed air tank 19 is by means of the line 15a delivered 
up to the valve 17. A valve 18, disposed within the line 
15a, is manually set to vary the pressure delivered to the 
line 15a which is measured by a pressure gauge 20. A 
manually actuated exhaust valve 28, also located in line 
15a, allows an operator to quickly bypass pressure in the 
line 15a to the atmosphere. The line 15a branches in its 
path to the valve 17 into two separate lines 21 and 24. 
Line 24 leads to a conventional pressure regulator 25, 
arranged to control the valve 16, interposed in the line 
15b, between the cylinder 8 and the valve 17. When the 
pressure in the line 15a rises above some predetermined 
value, the regulator 25 opens normally closed contacts 
25-A de-energizing the coil 55, thereby permitting the 
compression spring to close the valve 16. A low pressure 
limit control in the regulator 25 could also have been 
provided to open the contacts 25-A. 
The line 21 leads to a pressure modulator 22 formed 

by a housing having a conical chamber 23 which is filled 
with a compressible material, for example balls of vary 
ing sizes formed of a synthetic material. Preferably, some 
of the balls will have different moduli of elasticity. The 
pressure modulator 22 is provided to prevent any sud 
den surges of air into the cylinder 8, and thereby reduces 
the possibility of damage to any of the internal organs by 
damping the initial rate of flow of the contrast agent 
through the tube 2. More particularly by providing mod 
ulator 22 between the tank 19 and the cylinder 8, the ini 
tial gas pressure provided to the line 15b will be con 
siderably reduced, preventing an exaggerated movement 
of the piston 6, which in turn, reduces the pressure in the 
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4. 
tube 2 minimizing possible damage to the tissue during 
the initial flow of contrast agent. 
The first step of utilizing the apparatus after engaging 

the pin mechanism 50 is to rotate the handle 49 thereby 
moving the piston 7 downwardly towards the bottom 
of the cylinder 8. The air disposed within the bore of 
the cylinder 8 below the piston 7 is exhausted out through 
the line 15b by means of the port 60 opened by the valve 
17. A contrast agent is now filled into the syringe cavity. 

During the downward movement of the piston rod 5, 
the program disc 14 will have been returned to a position 
wherein it is ready for the next injection cycle. The pres 
sure within the tank 19 is now observed by means of 
a gauge 62. Then the pressure in the line 15a as meas 
ured by the gauge 20 is adjusted. 
The coil 45 at this time is de-energized, inasmuch as 

the contacts 26-A are open, and therefore the compres 
sion spring 44 will have closed the clamping elements 3 
and 4 preventing communication between the catheter 
and the syringe cavity 40. To commence an injection 
cycle, the cam 27 is rotated to a position where it opens 
the valve 17 and the communication between the line 15a 
and the line 15b and at the same time closes the exhaust 
port 60. This action results in providing a source of pres 
surized air to the bore 47 of the cylinder 8 which bears 
against the piston 7. 

Coincidentally with the opening of the valve 17, the 
cam 27 closes the set of contacts 26-A in series with the 
coil 45 of the clamping elements 3 and 4. The contacts 
26-A will remain closed during the injection cycle and 
preferably will open sometime after the completion of 
the injection cycle. Upward movement of the cylinders 6 
and 7 is now effected. The lever 9, being driven upward 
ly by the rod 5, rotates the spiral shaft 13 and its ap 
pended disc 14. When one of the recesses 30 or 31 is en 
gaged by the lever 32, the member 32 actuates both the 
contacts 33-A and B. The contacts 33-A open de-ener 
gizing the coil 45, which permits the spring 44 to close 
the elements 3 and 4, while the contacts 33-B close and 
energize the circuit T which opens its contacts T-1 caus 
ing the valve 16 to close. The contacts T-1, in series with 
the coil, are adapted to remain closed only for a short 
interval and thereafter open. When the valve 16 opens 
pressurized air is delivered to the cylinder 8, rotating the 
disc 14 so that the member 32 thereafter is engaged by 
the raised portion of the periphery of the disc 14. The 
member 32 then disengages from the switch 33 returnning 
the contacts 33-A and B to their normal positions. 
The peripheral length of disc segments between suc 

cessive recesses 30 and 31, assuming that other param 
eters are maintained, such as the pressure in line 15b, 
will determine the quantity of each dosage. The time in 
terval between the injection of dosages, adjusted by means 
of the circuit T should preferably be a constant. Further 
more, it has been found most preferable to limit it to a 
range of from about 0.08 to 2 seconds. 

It will be understood that the number of dosages and 
the time interval between the injection of successive dos 
ages of a contrast agent should be varied in relation to the 
rate of flow of blood through the blood vessels to be 
X-ray photographed in order that an appropriate level of 
contrast agent is in the blood vessels when the X-ray pho 
tograph is taken. To insure however that at least one 
proper diagnostic X-ray photograph is taken, it has been 
shown advisable to have a continuous process of photog 
raphy during the entire injection cycle. Twelve pictures 
or frames per Second has been found to be an effective 
Speed or rate of X-ray photography. The picture speed 
should, however, be somewhat higher than 12 frames per 
Second when the heart is to be X-rayed because of the 
high blood flow rate through the blood vessels of the 
heart. 

If for example five separate dosages of contrast agent 
are to be applied in a time sequence with one following 
the other, there may be five recesses 30 and 31 cut 
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into the periphery of the disc 14. The quantity of each 
dosage should preferably be varied and illustratively 
could take the following respective dosage quantities: 7, 
3, 2, 8, and 4 milliliters of contrast agent. Also, it has 
been determined that no more than about 15 milliliters 
of contrast agent should be injected for any given dosage. 

I claim: 
1. An apparatus for injecting a contrast agent for use 

in the preparation of X-ray photographs of blood ves 
Sels, comprising injection means defining a contrast agent 
receiving cavity, discharge means connected to the cavity 
and adapted to be placed in communication with the 
blood vessels to be photographed, clamping means dis 
posed adjacent the discharge means and movable be 
tween open and closed positions to prevent the flow of 
contrast agent from the cavity through the discharge 
means in the closed position and to permit an injec 
tion flow in the opened position, first piston means dis 
posed within the cavity and movable when actuated to 
inject contrast agent from the cavity through the dis 
charge means, and programing means for actuating the 
first piston at preselected intervals, the programing means 
being operatively connected to said clamping means to 
move the clamping means to the open position during 
the interval when the first piston is actuated. 

2. An apparatus according to claim 1 wherein the 
programming means includes an air cylinder having a 
second piston disposed therein, a piston rod affixed to 
the first and the second pistons, a source of compressed 
air, valve means in communication with the pressure 
source and movable between open and closed positions, 
the valve means in an open position permitting delivery 
of a flow of pressurized air to the cylinder thereby mov 
ing the second piston to cause a discharge of the con 
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trast agent and in a closed position preventing a flow 
of pressurized air to the cylinder. 

3. An apparatus according to claim 2 wherein the 
programming means includes a programming disc ac 
tuated by the movement of the piston rod, and electrical 
means actuated by the disc in a predetermined sequence 
for opening both the clamping means and the valve 
means at predetermined intervals to discharge a dosage 
of contrast agent through the discharge means. 

4. An apparatus according to claim 3 including pres 
Sure modulator means for preventing initial sudden surges 
of pressurized air into the cylinder, thereby modulating 
the flow of contrast agent through the discharge means. 

5. An apparatus according to claim 4 wherein the 
modulator means includes a housing having a conically 
shaped interior which accommodates a plurality of elastic 
elements of varying size and modulus of elasticity. 
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