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Contrast Agent Delivery System and Method of Delivering
Contrast Agent to a Patient, Computer Program and Non-
Volatile Data Carrier

TECHNICAL FIELD

The present invention relates generally to the use of contrast
agents in medical imaging with the aim to improve image quality
or use less contrast agent and obtain structural or functional in-
formation from digital image processing. In particular, the inven-
tion relates to a contrast agent delivery system for delivering
contrast agent to a patient, and a corresponding method. The in-
vention also relates to a computer program implementing the
method and a non-volatile data carrier storing the computer pro-
gram.

BACKGROUND

Minimally invasive diagnostic and therapeutic interventions for
the treatment of vascular disease typically use a combination of
catheter and wire-based devices. In performing a typical percu-
taneous vascular intervention, exemplary procedural elements
may include the following: obtaining a clear image of the vascu-
lature including a vessel obstruction, lesion, or other treatment
site using X-ray angiography and injection of contrast imaging
agents through the lumen of a guide catheter or sheath before,
during, and/or after treatment; accessing and crossing the ves-
sel obstruction or lesion using a combination of one or more gui-
de wires, guide catheters, support catheters, and/or sheaths;
and finally treatment of the obstruction or lesion using speciali-
zed catheter-based tools (for instance one or more angioplasty
balloons, stent and stent delivery systems, atherectomy, drug
delivery infusion catheters, and the like).

In a typical interventional vascular procedure, the steps may in-
clude introduction of a guide wire along a guide catheter or
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sheath and across an obstruction using X-ray angiography, or
fluoroscopic guidance. During this process, a contrast agent
may be injected through the lumen of the guide catheter or
sheath to provide an X-ray angiographic image that identifies
the position of the radiopaque distal end of the guide wire relati-
ve to the vessel. This type of contrast imaging may be repeated
at any point during the procedure in order to confirm the position
of a treatment device such as a balloon catheter relative to the
obstruction targeted for treatment. The balloon catheter is then
advanced along the guide catheter and the guide wire until the
balloon is positioned across or within the obstruction. The po-
sition of the balloon is then confirmed by injecting a contrast
agent through the guide catheter or sheath to provide an angio-
graphic image prior to the surgical or endovascular treatment.
The obstruction is dilated by inflation of the balloon to restore
blood flow, and the result is confirmed using conventional angio-
graphy. After treatment, the devices are removed from the pa-
tient.

X-ray angiography is an invasive medical diagnostic procedure
that may visualize vessel anatomy and pathology to aid vascular
interventions. Contrast agent injection into the vessels may be
necessary to distinguish soft tissue from the blood flow inside
the vessels. The contrast agent has an X-ray attenuation coeffi-
cient that is different from that of soft tissue or blood. The move-
ment of the injected contrast agent along the blood vessels is
recorded on a series of X-ray images, which may be digitally
processed by a computer. The gold-standard image processing
method is digital subtraction angiography (DSA). In DSA, a
mask image is recorded without contrast agent and the mask is
subtracted from all the other images in the series. As an alterna-
tive to DSA, kinetic imaging could also be used to analyze X-ray
angiography image series. Kinetic imaging is an imaging moda-
lity that uses statistical calculations, and it may be used to vi-
sualize blood vessels through highlighting the motion of the con-
trast agent injected in the blood stream.
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There are multiple factors that can affect clear imaging or visua-
lization of the vasculature and the target treatment site inclu-
ding, but not limited to the type of device or equipment used,
concentration of the contrast agent used, amount or flow rate of
injection, vessel condition (for instance vessel obstructions, side
branches or collaterals, vessel tortuosity between the injection
source and treatment site, total occlusion of the treatment site,
etc.), patient profile or body habitus (for instance morbidly obe-
se patients), distance between the injection source and the
treatment site, patient clinical profile (i.e. low ejection fraction or
presence of congestive heart failure), amongst other factors.
Depending on specific factors that are present in a given pa-
tient, physician operators adjust the procedural approach and
their choice of catheter-based devices in order to obtain diag-
nostic quality images, with the disadvantage that many of these
approaches and devices provide an inefficient delivery of diag-
nostic contrast agents or solutions, which may result in a pro-
tracted procedure time, potential safety issues, and/or increased
procedural costs.

lodinated, or iodine-based, contrast agents act by attenuating
the signal of an X-ray passed through the body of the patient.
lodinated contrast agents are available in either ionic (e.g. Hy-
paque 50, Isopaque 370, Hexabrix, etc.) or non-ionic (e.g. Iso-
vue 370, Omnipaque 350, Ultravist 370, etc.) forms, and are
commonly used due to their solubility and relatively benign inter-
action with the body. The contrast agent is introduced into the
patient at a high concentration or volume to account for the dilu-
tion of contrast agent as it flows through the patient's vascular
system and to compensate for losses due to flow through colla-
teral or side-branch vessels (i.e. vessels that are not the subject
of the target interventional procedure or surgery).

Acquiring images with sufficient image quality often necessitates
the use of a higher concentration and/or a larger volume of con-
trast agent coupled with a longer X-ray exposure time due to the
longer run off time to obtain images that are of sufficiently high



10

15

20

25

30

WO 2019/193032 PCT/EP2019/058369

quality to aid in diagnosis and treatment.

The use of a higher volume of contrast agent can induce neph-
ropathy (i.e. contrast agent-induced damage to the kidneys),
which is especially relevant to a large cohort of the patient po-
pulation that suffers from peripheral vascular disease (e.g. dia-
betics). Furthermore, the high, prolonged doses of radiation as-
sociated with these techniques are not beneficial and can be
harmful to the patient and/or the treating physician and staff.

Gases may also be used as a contrast agent in various imaging
methods. Because of its lack of renal toxicity and allergic poten-
tial, carbon-dioxide is a preferred contrast agent in patients with
renal failure or contrast allergy, and particularly in patients who
require large volumes of contrast medium for complex endovas-
cular procedures.

In some cases, it is not possible to acquire images of high
enough quality to complete the intervention or treatment. Even
when the angiographic images are of sufficient quality to guide
the procedure and the treatment of the lesion is successful, ac-
quiring the follow-up angiogram can be challenging.

Multiple imaging methods may profit from engineering the bolus
shape. Some methods may benefit from longer, more uniform
bolus shapes, while other methods produce better image quality
with more compact boluses. For example, the desired bolus sha-
pe for kinetic imaging may be a short bolus, with sudden rise
and/or decrease of the contrast media concentration in the
blood. In addition, for several applications it may be advanta-
geous to use positive and negative contrast agents combined
consecutively in a single bolus.

Theoretically, it is possible to control the shape of the injected
bolus (e.g. the sharpness of the edges) at the proximity of the
injection site. However, the prior art contains no power injector
systems that can create a sharp bolus farther away. Blood flow
distorts the shape of the injected contrast media bolus because
the blood flow velocity is different throughout the cross section
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of the vessels. In the case of laminar flow, this results in a
parabolic velocity profile, meaning that the contrast media that
is closer to the axis of the vessel travels at a higher velocity
than the contrast media closer to the vessel wall, therefore the
shape of the bolus changes as it flows in the vessel.

Products related to the pressure injection of fluids into a human
subject are routinely used in the clinical practice. A number of
these products are used for the intravascular introduction of
imaging contrast media in patients during medical imaging pro-
cedures. Traditional angiographic applications of power injectors
(e.g. digital subtraction angiography, CT angiography) usually
consist of the injection of one type of contrast media (either po-
sitive contrast, or negative contrast) that may be combined with
multiple other injections of the same type of contrast media and/
or the injection of other, non-contrast-enhancing fluids. A set of
parameters (including the flow rate, pressure, volume) can be
controlled usually either by the user or in an automatic fashion
to achieve optimal contrast enhancement at the region of inte-
rest while maintaining patient safety. The shape of the injected
contrast media bolus can be optimized for different imaging app-
lications.

US 2015/0174379 describes an apparatus and methods for deli-
vering fluid into a body lumen. The apparatus may include a ca-
theter including proximal and distal ends, a fluid delivery lumen
extending from the proximal end to a transit port on a distal por-
tion of the catheter, and an inflatable infusion element on the
distal portion such that an interior of the inflatable infusion ele-
ment communicates with the fluid delivery lumen. During use, a
distal end of the catheter is introduced into a lumen or conduit
with the inflatable infusion element in a collapsed condition, the
inflatable infusion element is expanded to an expanded condi-
tion to partially or totally occlude the lumen or conduit, and fluid
is infused from the catheter into the lumen or conduit proximally
relative to the inflatable infusion element while the inflatable
infusion element remains in the expanded condition.
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US 6,635,030 discloses a design, wherein a contrast medium in-
jector for injecting a patient with contrast medium for a CT scan
is programmed to provide an injection protocol that is a repre-
sentation of an ideally defined exponential curve with an initial
injection rate decaying at an exponential rate. This has been
found to produce a uniform vascular enhancement for the scan-
ning of a patient's blood vessels. The particular exponential de-
cay coefficient which has been found to be optimal is directly
proportional to the cardiac output divided by the patient's weight
and is approximated at 0.01 for a typical human.

US 2004/0242996 shows an injector system including a source
of injection fluid, a pump device, a fluid path set disposed bet-
ween the source of injection fluid and the pump device, and a
fluid control device operatively associated with the fluid path
set. The fluid control device is adapted to permit purging of air
from the fluid path set and to stop flow of the injection fluid to a
patient at substantially any pressure or flow rate generated by
the pump device for delivering a sharp bolus of the injection
fluid to the patient. The fluid control device is preferably part of
the fluid path set between the source of injection fluid and the
pump device.

US 7,623,903 reveals methods for confirming location of a ca-
theter tip relative to a targeted location in a blood vessel of a
subject and improving visualization of the blood vessels down-
stream of the catheter tip are provided. The methods comprise
acquiring and displaying a first modified MR image of the sub-
ject's blood vessels between an insertion site for the catheter
and the targeted location; acquiring and displaying a sequence
of modified MR images of the blood vessels to monitor advance-
ment of an inserted catheter from the insertion site to an intralu-
minal stop site at or near the targeted location; delivering a bo-
lus of a magnetic resonance contrast agent through the tip of
the catheter and to the intraluminal stop site, wherein the mag-
netic contrast agent alters the first modified MR image of the
subject's blood vessels; acquiring and displaying an updated
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second MR modified image of the blood vessels at and down-
stream of the tip of the catheter. Systems and computer read-
able medium storing computer executable instructions operable
to perform computer executable aspects of the present methods
are also provided.

There are multiple examples of injection systems designed to
deliver a multitude of different liquids into a patient, for instance
EP 2477 677, US 9,011,377, US 9,457,140, US 9,649,436. The-
se systems are typically used to deliver one or more boluses of
liquid contrast agent and/or saline in a sequence. Pressure in-
jectors designed for liquid delivery are typically not suitable for
the delivery of gaseous substances. Similarly, pressure injectors
designed for the delivery of gaseous substances are typically
not suitable for the delivery of liquid contrast media. The docu-
ments US 2013/0204130, US 2017/0216515, CA 2,602, 107, US
2016/0213835 and EP 1 074 221 exemplify such pressure in-
jectors.

There are also designs that may be suitable for the injection of
both liquid and gaseous substances, for example as shown in
WO 2013/079743, US 2011/0021905 and US5346470A. Here,
however, the purpose is not to control the shape of the liquid
contrast media bolus by the injection of a sequence of different
phases (gaseous and liquid) of contrast media.

SUMMARY

The object of the present invention is to provide bolus injection
that optimizes contrast media delivery to improve image quality.

According to one aspect of the invention, the object is achieved
by a contrast agent delivery system for delivering contrast agent
to a patient. The system includes a container assembly, a valve
assembly, a tube assembly and a control unit. The container as-
sembly comprises first and second pressurized containers, whe-
re the first container is configured to hold a first fluid in the form
of a liquid contrast medium and the second container is con-
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figured to hold a second fluid in the form of gas. The valve as-
sembly is connected to a respective output from the first and
second containers. The valve assembly is configured to cause
the first and second fluids to be ejected from the container as-
sembly in response to at least one first control signal. The tube
assembly is connected to the valve assembly via an input inter-
face. The tube assembly has a delivery output in the form of a
catheter configured to be inserted into a blood vessel of the pa-
tient. The control unit is configured to control the valve assembly
by generating a temporal sequence in the at least one first con-
trol signal, such that a composite arrangement of the first and
second fluids is formed in the blood vessel. The composite ar-
rangement comprises a bolus of the liquid contrast medium ad-
joining a bubble of the gas downstream of the bolus, a bubble of
the gas upstream of the bolus and/or a bubble of the gas en-
closed by the bolus.

This system is advantageous because the proposed composite
arrangement of liquid contrast medium and gas bubbles enables
control of the shape of the liquid contrast bolus. This, in turn,
renders it possible to control the shape of the bolus edges, con-
trol the bolus length, combine different and allow synergistic
combination of positive and negative contrast agent.

The introduction of gas bubbles near the leading edge (forerun-
ner), the trailing edge (chaser), both edges, or inside of the in-
jected contrast media reduces the bolus-distorting effect of
blood flow. Thereby, it is possible to engineer more precisely the
bolus shape at a farther distance from the injection site.

Introducing an alternating series of positive and negative con-
trast media may reduce image quality in image processing me-
thods where the signal (the intensity of radiation after it passes
through the subject) is averaged. In several image processing
methods, however, the sequence of positive and negative cont-
rast changes may improve image quality.

According to one embodiment of this aspect of the invention, the
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contrast medium delivery system further contains a pump as-
sembly configured receive at least one second control signal. In
response thereto, the pump assembly is configured to apply a
respective pressure level in the first and second containers, such
that the first and second containers remain pressurized during
delivery of the contrast agent to the patient. Hence, the first and
second fluids can be adaptively controlled to have a desired
pressure level throughout the delivery process.

According to another embodiment of this aspect of the invention,
the catheter has a double-lumen section in which a first channel
is configured to transport the first fluid and a second channel is
configured to transport the second fluid. The first channel enclo-
ses the second channel, at least in a cannula portion of the
double-lumen section. As a result, the composite arrangement of
the first and second fluids can be formed directly in the blood
vessel, i.e. in connection with said fluids being ejected from the
catheter. In this embodiment, the tube assembly contains a first
tube section interconnecting a first input of the input interface
with the first channel, and a second tube section interconnecting
a second input of the input interface with the second channel, so
that the fluids can be transported to the catheter.

According to yet another embodiment of this aspect of the in-
vention, the valve assembly includes a first valve connected to
the first container and a second valve connected to the second
container. The first valve is operable in response to a first cont-
rol signal, and the second valve is operable in response to a se-
cond control signal. Consequently, the control unit may manipu-
late the valve assembly in such a manner that a desired compo-
site arrangement of the first and second fluids is accomplished.

Alternatively, the valve assembly may include a dual-port valve
having a first port connected to the first container and a second
port connected to the second container. The dual-port valve is
here operable in response to a third control signal from the con-
trol unit. Thus, a desired composite arrangement of the first and
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second fluids may likewise be accomplished.

According to still another embodiment of this aspect of the in-
vention, the catheter has a single-lumen section configured to
transport the first and second fluids in agreement with the com-
posite arrangement. Here, the tube assembly includes a tube
intersection connecting a first tube section with a second tube
section. The first tube section is arranged to transport the first
fluid from a first input of the input interface to the tube intersec-
tion. Analogously, the second tube section is arranged to trans-
port the second fluid from a second input of the input interface to
the tube intersection. An output of the tube intersection is further
connected to the catheter. Consequently, the composite arrange-
ment of the first and second fluids can be formed already in the
catheter, i.e. before said fluids are injected into the blood vessel.

According to another aspect of the invention, the object is achie-
ved by a method of delivering contrast agent to a patient via a
delivery system comprising a container assembly comprising first
and second pressurized containers, where the first container is
configured to hold a first fluid in the form of a liquid contrast me-
dium and the second container is configured to hold a second
fluid in the form of gas; a valve assembly connected to a res-
pective output from the first and second containers, the valve as-
sembly being configured to cause the first and second fluids to
be ejected from the container assembly in response to at least
one first control signal; and a tube assembly connected to the
valve assembly via an input interface, where the tube assembly
comprises a delivery output in the form of a catheter configured
to be inserted into a blood vessel of the patient. The method in-
volves controlling the valve assembly by generating a temporal
sequence in the at least one first control signal such that a com-
posite arrangement of the first and second fluids is formed in the
blood vessel. The composite arrangement contains a bolus of
the liquid contrast medium adjoining: a bubble of the gas down-
stream of the bolus, a bubble of the gas upstream of the bolus,
and/or a bubble of the gas enclosed by the bolus. The advanta-



10

15

20

25

30

WO 2019/193032 PCT/EP2019/058369

11

ges of this method, as well as the preferred embodiments there-
of, are apparent from the discussion above with reference to the
system.

According to a further aspect of the invention, the object is
achieved by a computer program loadable into a non-volatile da-
ta carrier communicatively connected to a processing unit. The
computer program includes software for executing the above
method when the program is run on the processing unit.

According to another aspect of the invention, the object is achie-
ved by a non-volatile data carrier containing the above computer
program.

By preventing the spread of the contrast agent and providing a
shorter and compact profile, the standard deviation of X-ray at-
tenuation increases. Therefore, the signal-to-noise ratio of kine-
tic images also increases. The compacted bolus profile also ai-
des the precise calculation of other time-derived parameters that
could provide functional information about blood flow characte-
ristics.

Further advantages, beneficial features and applications of the
present invention will be apparent from the following description
and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now to be explained more closely by means of
preferred embodiments, which are disclosed as examples, and
with reference to the attached drawings.

Figures 1-4 schematically illustrate examples of how liquid bo-
luses of contrast medium and gas bubbles may be
arranged according to embodiments the invention;

Figure 5 shows a block diagram over the system according
to a first embodiment of the invention;

Figure 6 shows a block diagram over the system according
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to a second embodiment of the invention;

Figure 7 illustrates a dual-port valve according to one embo-
diment of the invention; and

Figure 8 illustrates, by means of a flow diagram, the general
method according to the invention.

DETAILED DESCRIPTION

Figure 1 shows a first schematic illustration of how a liquid bolus
110 of a contrast medium is arranged relative to a pair of gas
bubbles 120 and 130 respectively in a patient’s blood vessel 100
according to one embodiment of the invention. Here, a forerun-
ner gas bubble 120 is formed near a leading edge of the liquid
bolus 110, and a chaser gas bubble 120 is formed near a trailing
edge of the liquid bolus 110. The presence of the gas bubbles
120 and 130 disrupt a laminar flow of blood B that would other-
wise have caused the liquid bolus 110 to be gradually dispersed
as it travels along the blood vessel 100. Thus, the liquid bolus
110 may maintain a desired shape also at a relatively long dis-
tance from an injection site. This, in turn, enables high image
quality in kinetic imaging, which requires short/compact boluses.

Figure 2 shows a second schematic illustration of how a liquid
bolus 110 of the contrast medium is arranged relative to a fore-
runner gas bubble 120 near the leading edge of the liquid bolus
110 in the patient’s blood vessel 100 according to one embodi-
ment of the invention.

Figure 3 shows a third schematic illustration of how a liquid bo-
lus 110 of the contrast medium is arranged relative to a chaser
gas bubble 120 near the trailing edge of the liquid bolus 110 in
the patient’s blood vessel 100 according to one embodiment of
the invention.

Figure 4 shows a fourth schematic illustration of how a liquid bo-
lus 110 of a contrast medium is arranged relative to a gas bubb-
le 125 enclosed in the liquid bolus 110 in the patient’s blood
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vessel 100 according to one embodiment of the invention.

The inventors have found that, similar to the embodiment of Fi-
gure 1, the gas bubbles 120, 130 and 125 respectively of the
embodiments illustrated in Figures 2 to 4 disrupt the laminar
flow of blood B in such a manner that the liquid bolus 110 is
capable of maintaining a desired shape at long distances from
the injection site. Hence, Figures 1 to 4 show alternative examp-
les of composite arrangements of first and second fluids in the
form of liquid contrast medium and gas bubbles, e.g. carbon-
dioxide, that may be used for maintaining a desired compact bo-
lus 110 having well-defined edges while travelling through a
blood vessel 100. Of course, according to the invention, compo-
site arrangements in the form of combinations of gas bubbles
and boluses are conceivable, for instances longer sequences of
liquid contrast medium and gas bubbles and/or sequences of
one or more gas bubbles enclosed in each respective liquid bo-
lus.

Figure 5 shows a block diagram over a contrast agent delivery
system for delivering contrast agent to a patient according to a
first embodiment of the invention. Here, the system includes a
container assembly 210, a valve assembly 230, a tube assembly
240 and a control unit 260.

The container assembly 210 contains first and second pressu-
rized containers 211 and 212 respectively. The first container
211 holds a first fluid F1 in the form of a liquid contrast medium.
The first container 211 is pressurized and sealed, so that when
the first fluid F1 is ejected there from, the pressure level in the
first container 211 drops gradually. The second container 212
holds a second fluid F2 in the form of gas, preferably CO,.
Analogous to the first container 211, the second container 211 is
pressurized and sealed. As a result, as the second fluid F2 is
escapes there from, the pressure level in the second container
212 decreases gradually.
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The valve assembly 230 is connected to a respective output from
the first and second containers 211 and 212. The valve assembly
230 is configured to cause the first and second fluids F1 and F2
to be ejected from the container assembly 210 in response to
first control signals Cy; and Cy, respectively generated by the
control unit 260.

The tube assembly 240 is connected to the valve assembly 230
via an input interface 245. The tube assembly 240 has a delivery
output in the form of a catheter 250 configured to be inserted
into a blood vessel 100 of the patient for delivery of the contrast
agent to a patient. The catheter may have a double-lumen sec-
tion 250 (as illustrated in Figure 5), where a first channel 251 is
configured to transport the first fluid F1, a second channel 252 is
configured to transport the second fluid F2, and the first channel
251 encloses the second channel 252 in a cannula portion 253 of
the double-lumen section 250.

In such a design, the tube assembly 240 preferably has a first
tube section 241 interconnecting a first input 245a of the input
interface 245 with the first channel 251, and a second tube
section 242 interconnecting a second input 245b of the input
interface 245 with the second channel 252. Thus, as the first and
second valves 231 and 232 respectively are operated to open
and close, the first and second fluids F1 and F2 are transported
to the blood vessel 100 to form a composite arrangement of
liquid contrast medium and bubbles of the gas therein.

The control unit 260 is configured to control the valve assembly
230 by generating a temporal sequence in the first control sig-
nals Cy; and Cy,, causing the first and second valves 231 and
232 to open and close, such that a composite arrangement of the
first and second fluids F1 and F2 is formed in the blood vessel
100, for instance as illustrated in Figures 1 to 4. This means that
the arrangement contains at least one bolus 110 of the liquid
contrast medium adjoining a bubble of the gas. For example, the
bolus 110 may adjoin a bubble of the gas downstream 120 of the
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bolus 110, the bolus 110 may adjoin a bubble of the gas up-
stream 130 of the bolus 110 and/or the bolus 110 may adjoin a
bubble of the gas 125 enclosed by the bolus 110. As mentioned
above, longer and more complex sequences of composite arran-
gements may be formed according to the invention depending on
the specific imaging scenario.

Using iodinated contrast agent as the first fluid F1 and carbon-
dioxide as the second fluid F2 in the above-described embodi-
ments results in image quality enhancement due to a shorter
contrast agent bolus profile during X-ray angiography. A forerun-
ner and/or chaser injection of carbon-dioxide prevents uncon-
trollable expansion of liquid iodinated contrast agent in the exa-
mined section of the vessel. Of course, the same is true also for
alternative contrast agents and gases.

Figure 6 shows a block diagram over the system according to a
second embodiment of the invention. Here, the valve assembly
230 has the same design as described above. However, the con-
tainer assembly 210, the tube assembly 240 and the control unit
260 differ slightly from the first embodiment.

The container assembly 210 includes the first and second pres-
surized containers 211 and 212, which hold the first fluid F1 in
the form of a liquid contrast medium and the second fluid F2 in
the form of gas respectively. Here, the system further includes a
pump assembly 220 that is configured receive second control
signals Cpq and Cp,, and in response thereto, apply a respective
pressure level in the first and second containers 211 and 212.
Consequently, the first and second containers 211 and 212 can
be controlled to remain pressurized at a relatively stable level
during delivery of the contrast agent to the patient.

Also here, the tube assembly 240 is connected to the valve as-
sembly 230 via an input interface 245. The tube assembly 240
likewise has a delivery output in the form of a catheter 350 con-
figured to be inserted into the blood vessel 100 of the patient.
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The catheter 350 contains a single-lumen section configured to
transport the first and second fluids F1 and F2 in agreement with
a desired composite arrangement. Depending on a physical ex-
tension of the single-lumen section relative to a temporal/phy-
sical extension of the composite arrangement, the latter may be
entirely or partially formed already in the catheter 350 before en-
tering into the blood vessel 100.

The tube assembly 240 contains a tube intersection 243 that
connects a first tube section 241 with a second tube section 242.
The first tube section 241 is arranged to transport the first fluid
F1 from a first input 245a of the input interface 245 to the tube
intersection 243. The second tube section 242 is arranged to
transport the second fluid F2 from a second input 245b of the
input interface 245 to the tube intersection 243. An output of the
tube intersection 243 is connected to the catheter 350, so that
the desired composite arrangement can be formed therein.

In this embodiment, the control unit 260 is configured to control
the valve assembly 230 by generating a temporal sequence in
the first control signals Cy4 and Cy,. The control unit 260 is con-
figured to control the pump assembly 220 to apply desired pres-
sure levels in the first and second containers 211 and 212 by
generating the second control signals Cps and Cep,.

Naturally, in addition to the first and second fluids F1 and F2, a
third fluid, e.g. containing saline solution, may be added to the
above-described design in a straightforward manner by simply
adding another fluid container to the container assembly 210
and adding another tube intersection to the tube assembly 240,
plus corresponding control signaling from the control unit 260.

Figure 7 illustrates a dual-port valve 233 according to one em-
bodiment of the invention, which may replace the first and se-
cond valves 241 and 242 in each of the embodiments described
above with reference to Figures 5 and 6. The dual-port valve
233 has a first port 731 connected to the first container 211 and
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a second port 732 connected to the second container 212. The
dual-port valve 233 is operable in response to a third control sig-
nal Cy generated by the control unit 260. Preferably, the dual-
port valve 233 is controllable to be set in one of three different
positions depending on a value of the third control signal Cy, so
that the first fluid F1, the second fluid F2 or no fluid passes there
through.

Although the presented embodiments refer to X-ray angiogra-
phy, the technology could also be used in computed tomogra-
phy, ultrasound-, SPECT-, PET-, magnetic resonance-, infrared-
imaging, visible-light imaging, ultraviolet-light imaging, opto-
acoustic imaging, electron beam- or terahertz radiation imaging.
In addition to blood vessels, the proposed technology may vi-
sualize other anatomic structures. Namely, apart from the flow
of blood, the technology is capable of visualizing also other
physiological movements.

The embodiments refer to an image processing algorithm called
'kinetic imaging’ described in e.g. US 9,200,947. However, the
technology is not restricted to this specific image processing al-
gorithm.

Although the embodiments and the figures refer to several tools
and devices to demonstrate possible delivery methods, the use
of the technology is not restricted to any of these specific tools
or delivery systems. The embodiments refer to, and figures de-
pict, certain kinds of contrast agent delivery catheters. However,
the technology of this disclosure is not restricted to these ca-
theters, or these delivery methods.

Although the embodiments and the drawings mention carbon-
dioxide as an example for gas state contrast agent, iodinated
contrast agent as an example for liquid state contrast agent, and
saline solution as an example for flush solution the technology is
not restricted to these specific substances.

It is generally advantageous if the control unit 120 and the ca-
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mera 110 are configured to effect the above-described proce-
dure in an automatic manner by executing a computer program
127. Therefore, the control unit 120 may include a memory unit
126, i.e. non-volatile data carrier, storing the computer program
127, which, in turn, contains software for making processing cir-
cuitry in the form of at least one processor in the central control
unit 120 execute the above-described actions when the compu-
ter program 127 is run on the at least one processor.

In order to sum up, and with reference to the flow diagram in Fi-
gure 8, we will now describe the general method according to
the invention of delivering contrast agent to a patient via the pro-
posed delivery system.

In a first step 810, first and second fluids in first and second
fluid containers respectively are kept pressurized. This may be
accomplished either by each container being pressurized and
sealed, or via a pump assembly applying a respective pressure
level in the first and second containers in response to one or mo-
re control signals.

In a subsequent step 820, a valve assembly, connected between
the first and second fluid containers and a proximate interface of
a tube assembly, is controlled such that a composite arrange-
ment of the first and second fluids is formed in a patient’s blood
vessel after delivery through a catheter connected to a distal in-
terface of the tube assembly.

The process described with reference to Figure 8 may be con-
trolled by means of a programmed processor. Moreover, al-
though the embodiments of the invention described above with
reference to the drawings comprise processor and processes
performed in at least one processor, the invention thus also
extends to computer programs, particularly computer programs
on or in a carrier, adapted for putting the invention into practice.
The program may be in the form of source code, object code, a
code intermediate source and object code such as in partially



10

15

20

25

WO 2019/193032 PCT/EP2019/058369

19

compiled form, or in any other form suitable for use in the imple-
mentation of the process according to the invention. The pro-
gram may either be a part of an operating system, or be a sepa-
rate application. The carrier may be any entity or device capable
of carrying the program. For example, the carrier may comprise
a storage medium, such as a Flash memory, a ROM (Read Only
Memory), for example a DVD (Digital Video/Versatile Disk), a
CD (Compact Disc) or a semiconductor ROM, an EPROM
(Erasable Programmable Read-Only Memory), an EEPROM
(Electrically Erasable Programmable Read-Only Memory), or a
magnetic recording medium, for example a floppy disc or hard
disc. Further, the carrier may be a transmissible carrier such as
an electrical or optical signal which may be conveyed via elect-
rical or optical cable or by radio or by other means. When the
program is embodied in a signal which may be conveyed directly
by a cable or other device or means, the carrier may be consti-
tuted by such cable or device or means. Alternatively, the carrier
may be an integrated circuit in which the program is embedded,
the integrated circuit being adapted for performing, or for use in
the performance of, the relevant processes.

The term “comprises/comprising” when used in this specification
is taken to specify the presence of stated features, integers,
steps or components. However, the term does not preclude the
presence or addition of one or more additional features, inte-
gers, steps or components or groups thereof.

The invention is not restricted to the described embodiments in
the figures, but may be varied freely within the scope of the
claims.
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Claims

1. A contrast agent delivery system for delivering contrast
agent to a patient, the system comprising:

a container assembly (210) comprising first and second
pressurized containers (211; 212), the first container (211) being
configured to hold a first fluid (F1) in the form of a liquid contrast
medium and the second container (212) being configured to hold
a second fluid (F2) in the form of gas,

a valve assembly (230) connected to a respective output
from the first and second containers (211; 212), the valve as-
sembly (230) being configured to cause the first and second
fluids (F1; F2) to be ejected from the container assembly (210) in
response to at least one first control signal (Cyq; Cyz; Cv),

a tube assembly (240) connected to the valve assembly
(230) via an input interface (245), the tube assembly (240) com-
prising a delivery output in the form of a catheter (250; 350) con-
figured to be inserted into a blood vessel (100) of the patient,
and

a control unit (260) configured to control the valve assemb-
ly (230) by generating a temporal sequence in the at least one
first control signal (Cy4; Cvz; Cy) such that a composite arrange-
ment of the first and second fluids (F1; F2) is formed in the blood
vessel (100), which composite arrangement comprises a bolus
(110) of the liquid contrast medium adjoining one or more of:

a bubble of the gas downstream (120) of the bolus (110),

a bubble of the gas upstream (130) of the bolus (110), and

a bubble of the gas (125) enclosed by the bolus (110).

2. The contrast medium delivery system according to claim 1,
further comprising:

a pump assembly (220) configured receive at least one se-
cond control signal (Cp1; Cp2), and in response thereto, apply a
respective pressure level in the first and second containers (211;
212) such that the first and second containers (211; 212) remain
pressurized during delivery of the contrast agent to the patient.
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3. The contrast medium delivery system according to any one
of claims 1 or 2, wherein:
the catheter comprises a double-lumen section (250) in
which a first channel (251) is configured to transport the first
fluid (F1), a second channel (252) is configured to transport the
second fluid (F2), the first channel (251) enclosing the second
channel (252) in a cannula portion (253) of the double-lumen
section (250) and
the tube assembly (240) comprises:
a first tube section (241) interconnecting a first input
(245a) of the input interface (245) with the first channel
(251), and
a second tube section (242) interconnecting a second
input (245b) of the input interface (245) with the second
channel (252).

4. The contrast medium delivery system according to claim 3,
wherein

the valve assembly (230) comprises a first valve (231) con-
nected to the first container (211) and a second valve (232) con-
nected to the second container (212), the first valve (231) being
operable in response to a first control signal (Cy4) of said at least
one first control signal and the second valve (232) being operab-
le in response to a second control signal (Cy2) of said at least
one first control signal.

5. The contrast medium delivery system according to claim 3,
wherein

the valve assembly (230) comprises a dual-port valve (233)
having a first port (731) connected to the first container (211)
and a second port (732) connected to the second container
(212), the dual-port valve (233) being operable in response to a
third control signal (Cy) of said at least one first control signal.

6. The contrast medium delivery system according to any one
of claims 1 or 2, wherein:
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the catheter (350) comprises a single-lumen section confi-
gured to transport the first and second fluid (F1, F2) in agree-
ment with said composite arrangement, and

the tube assembly (240) comprises a tube intersection
(243) connecting a first tube section (241) with a second tube
section (242), the first tube section (241) being arranged to
transport the first fluid (F1) from a first input (245a) of the input
interface (245) to the tube intersection (243), the second tube
section (242) being arranged to transport the second fluid (F2)
from a second input (245b) of the input interface (245) to the
tube intersection (243), and an output of the tube intersection
(243) being connected to the catheter (350).

7. A method of delivering contrast agent to a patient via a de-
livery system comprising a container assembly (210) comprising
first and second pressurized containers (211; 212), the first con-
tainer (211) being configured to hold a first fluid (F1) in the form
of a liquid contrast medium and the second container (212) being
configured to hold a second fluid (F2) in the form of gas; a valve
assembly (230) connected to a respective output from the first
and second containers (211; 212), the valve assembly (230) be-
ing configured to cause the first and second fluids (F1; F2) to be
ejected from the container assembly (210) in response to at least
one first control signal (Cyq; Cvz; Cv); and a tube assembly (240)
connected to the valve assembly (230) via an input interface
(245), the tube assembly (240) comprising a delivery output in
the form of a catheter (250; 350) configured to be inserted into a
blood vessel (100) of the patient, the method comprising:

controlling the valve assembly (230) by generating a tem-
poral sequence in the at least one first control signal (Cy4; Cyz;
Cv) such that a composite arrangement of the first and second
fluids (F1; F2) is formed in the blood vessel (100), which compo-
site arrangement comprises a bolus (110) of the liquid contrast
medium adjoining one or more of:

a bubble of the gas downstream (120) of the bolus (110),

a bubble of the gas upstream (130) of the bolus (110), and



WO 2019/193032 PCT/EP2019/058369
23

a bubble of the gas (125) enclosed by the bolus (110).

8. A computer program (127) loadable into a non-volatile data
carrier (126) communicatively connected to a processing unit
(125), the computer program (127) comprising software for exe-
cuting the method according any of the claims 9 to 16 when the
computer program is run on the processing unit (125).

9. A non-volatile data carrier (126) containing the computer
program (127) of the claim 8.
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