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cannula (13) is properly sited
and the contrast medium flows
as desired along the vein, this
will lead to an increased flow
velocity in the vein. This is
detected by ultrasound probe
(2) and, as described above, the
processor unit (4) will therefore
12 determine that no extravasation
has occurred. However, where
extravasation of contrast
medium occurs this results in a
low or zero velocity output from
the probe (2) from which the
processor unit (4) determines
that extravasation has occurred.
It therefore immediately sends a
"stop" signal to pump controller

(11) which stops pump (10).
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Extravasation Detector

The present invention relates to an apparatus and
method for detecting extravasation.

There are numerous medical procedures in which it
is necessary to infuse a substance into a blood vessel.
Typically a cannula is inserted into a vein and the
substance is fed to this via a flexible tube. The
substance may be blood, saline, a drug, a contrast
medium, etc. In many cases it is desirable that the
infusion occurs slowly and so the substance is simply
gravity fed. However, there are circumstances in which
it is necessary to force the substance into the blood
vessel.

One example is the infusion of a contrast medium
used in conjunction with an imaging system such as
angiography, computed tomography (CT), ultrasound or
MRI. In many applications of these procedures it is
necessary to infuse a contrast medium into the part of
the body that is to be imaged. The medium must often be
infused at a comparatively high rate for effective
results to be achieved. As a consequence, in recent
years, a number of injector-actuated syringes and power
injectors for pressurized injection of contrast medium
have been developed.

However, whilst such devices are valuable and
effective, they do create a risk of extravasation.
Extravasation is the accidental infusion of fluid such
as contrast media into tissue surrounding a blood
vessel, rather than into the blood vessel itself. The
causes for extravasation vary. Fragile wvasculature or
valve disease may cause physiological limitations to the
ability of the blood vessel to tolerate the high rate of
fluid administration used in some procedures. In
computed tomography, for example, contrast injection
flow rates can be in the range of 0.1 to 10 ml/s. and so
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a failure of the ?essel may occur. Alternatively,
operator error may lead to inappropriate needle
placement and patient movement may cause the infusing
needle to be pulled from the intended vessel or cause
the needle to be pushed through the wall of the vessel.

Extravasation of contrast media during intravenous
injection is a potential serious’ complication that might
necessitate surgical drainage of the affected region.
Even though the incidence rate is low, it is considered
to be a major concern and is associated with local pain
and possibly necrosis of the tissue. If it occurs during
an imaging procedure it is often necessary for the
examination to be aborted and repeated at a later stage.
It is therefore important to be able to detect
extravasation quickly and reliably so that infusion may
then be stopped. Other substances may have more serious
effects. Chemotherapy drugs can be toxic to tissue if
not diluted by blood flow. '

Several extravasation detection techniques are
known in the art. Two simple and very useful techniques
for detecting extravasation are palpation of the patient
in the vicinity of the injection site and simple visual
observation of the vicinity of the injection site by a
trained health care provider.

In the palpation technique, the health care
provider manually senses swelling of tissue near the
injection resulting from extravasation. By visual
observation, it is also sometimes possible to observe
directly any swelling of the skin in the vicinity of an
injection site resulting from extravasation.

There have been a number of attempts to improve the
detection of extravasation. For example, mercury strain
gauge plethysmographs measure the volume change
resulting from venous blood flow in a cross sectional
area of a limb of a patient in order to detect a change
in volume of a limb or digit as a result of

extravasation.
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Photo—plethysmographs measure the optical
scattering properties of capillary blood to detect the
presence Qf extravasated fluids in tissue. WO 99/15074
provides a sensor pad having a surface that is placed
against a patient. A light source is also provided and a
detector on the pad optically detects extravasation by
detecting light that is reflected, scattered, etc.

U.S. Patent No. 4,647,281 discloses subcutaneous
temperature sensing of extravasation using a microwave
radiometer. The temperature of the subcutaneous tissue
where the fluid is injected is compared to that of the
injected fluid. |

It is also known to detect extfavasation by
measuring changes in the electrical impedance. Injection
fluid in the tissue of the patient also changes the
electrical impedance properties of the tissue. Thus, an
impedance change of a certain level in the vicinity of

the injection site is interpreted as being due to

extravasation. WO 99/26686 discloses an electrode patch
for attachment to the skin of a patient. It has elongate
pick-up electrodes and energizing electrodes. The patch
is used to monitor tissue impedance during the procedure
and this is compared to a baseline level.

A disadvantage of such devices is that it can be
difficult to maintain good electrical contact with the
skin of the patient. Also, the location of the patch
makes it more difficult to carry out palpation or visual
inspection. A similar problem arises with the other
prior art detectors. In order to address this problem,
United States Patent‘No. 6,408,204 proposes an apparatus
that may be positioned so as not to interfere with
palpation or visual inspection. An energy source and a
receiver are positioned between a first layer of high
dielectric material and a second layer of low dielectric
material. If extravasation occurs, as noted above, there
is a change in the bulk electrical properties of the

tissue. The receiver measures a signal resulting from
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changes in the energy supplied to the tissue by the
energy source.

According to the present invention there is
provided a method of detecting extravasation during the
infusion of a substance into a blood vessel comprising
the step of detecting a change in the flow velocity
within the blood vesselAdownstream of the point of
infusion.

~ Thus, unlike the prior art techniques the present
invention is not based on volume changes of tissue
induced by extravasation, but on direct monitoring of
the increased flow velocity within the blood vessel
induced by the infusion. The lack of a velocity increase
indicates that extravasation has occurred. Since the
increase in flow velocity should occur almost
immediately infusion commences, this method gives the
operator an early warning if a problem occurs.

It can be difficult to precisely locate the blood
vessel downstream of the point of infusion. Therefore
in a preferred embodiment of the invention, an array of
detector elements is arranged substantially transverse
to the direction of flow of the blood vessel so that at
least one element of the array will be located over the
vessel. The signal from each detector element varies
depending on whether the detector element is located
over the blood vessel or over ordinary tissue. This has
the advantage that the accuracy with which the detector
must be placed is reduced. At least one element of the
array will be located over the vessel, and so it is not
necessary to precisely locate the blood vessel at the
point of measurement prior to commencing the
measurement. Instead, a change in flow vélocity will be
detected by whichever element or elements of the array
are located over the blood vessel.

The change in flow velocity could be detected by
measuring the flow velocity at a single point downstream

of the point of infusion. ' In one preferred embodiment
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however, the flow velocity within the blood vessel is
measured at a plurality of points spaced apart along the
extent of the vessel and positioned downstream of the
point of infusion. This has the advantage of enabling a
user to determine the approximate position within the
vessel at which extravasation has occurred.

Although the method of the invention is applicable
to any infusion of a substance that causes a detectable
increase in blood flow velocity, it is of pafticular use
where the infusion is at a high rate where the greatest
risk of extravasation occurs. The rates of infusion may
be over 5ml/s and sometimes over 10ml/s. Thus, the
invention is of particular application to venous
infusions such as contrast agents. The invention may
therefore be incorporated as part of a process of
generating a medical image.

The invention could just be applied when the
infusion is commenced, or when the rate of infusion is
increased, these being times when a problem is most
likely to occur. However, as noted above, extravasation
may be caused by patient movement and so preferably
blood flow velocity changes are continuously or
repeatedly monitored during the procedure.

In a simple form of the invention, a change in
velocity may-be noted by an operator who can then stop
the infusion. However, it is preferable that the methéd
further comprises the provision of a notification that
extravasation has occurred and most preferably there may
be automatic shutdown of the infusion in response to the
detection of extravasation.

The invention also extends to an apparatus for
detecting extravasation during the infusion of a
substance into a blood vessel comprising a detector for
detecting a change in the flow velocity within the blood
vessel downstream of the point of infusion, the
apparatus being arranged to provide an output signal

when extravasation occurs.
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The output signal may be a notification such as an
alarm. More preferably it comprises a control signal to
control the infusion. The output signal need not be
"high" to indicate extravasation. Indeed, it may be
preferable to use a fail-safe system in which a "high"
output indicates an increased velocity and therefore
that extravasation has not occurred. Thus, if the "high"
signal is lost, either due to extravasation or equipment
failure, the infusion can be stopped.

Any suitable method of detecting flow velocity may
be applied, but it is believed that the most effective
technique is ultrasound Doppler. Thus, the detector is
preferably an ultrasound Doppler probe which may consist
of a single transducer element and more preferably
consists of an array of individual transducer elements
adapted to be arranged substantially transverse to the
direction of flow of the blood vessel so that the
position of the blood vessel can be detected and/or the
change in flow velocity in the blood vessel can be
detected without first knowing the precise location of
the blood vessel. 1In another embodiment of the
invention, a plurality of individual transducer elements
(or arrays of transducer elements) are spaced apart
along the direction of flow of the blood vessel to form
an array (or a two dimensional array) of transducer
elements which can track the direction of a blood vessel
in use. The probe may be located against the skin of a
patient proximate to a vein into which the infusion is
being made and downstream of the infusion site. The
probe is preferably fixed to the pétient’s skin using an
adhesive. In accordance with standard practice, a
coupling medium (ultrasound gel) should preferably be
applied to the patient’s skin under the transducer
elements.

The probe may be connected to a display unit in the
conventional manner in which case increases in flow

velocity will be visible conventionally as bright
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patches on the display. These may be detected using
conventional techniques, for example by comparing pixel
brightness in a preselected region on the display.
Alternatively, the display can be dispensed with and a
direct indication of velocity produced. Normally the
velocity of the infusion will be significantly higher
than any other velocity of flow in the region concerned
and so precise measurement is not required.

. An analogue signal voltage which is generally
proportional to the detected flow velocity may be
provided as the output from the detector. This could be
used to drive a simply calibrated meter. Additionally or
alternatively the voltage may be compared to a threshold
voltage such that when this 1s exceeded an indication is
provided that extravasation has (or has not) occurred.

In many applications it may be preferable to use a
digital system. If the output from the detector is not
in digital form then it may be converted using a
conventional analogue-digital converter. The output may
then be fed to a processor such as a personal computer
or a éustom processor incorporated into the apparatus.

Regardless of the system used, an output control
signal may then be provided to control the infusion
pump. In a simple form this may operate a relay to cut
the power to the pump, or if the pump is computer
controlled it may be a digital control signal.
Alternatively, a valve arrangement may be used to
prevent flow to the vein.

It will be appreciated that the invention extends
to a system for giving an infusion comprising an
infusion pump arranged to infuse a substance into a
blood vessel and an extravasation detector according to
the apparatus defined above wherein the detector
apparatus is arranged to control the infusion pump. The
invention also extends to a method of giving such an
infusion comprising the use of such apparatus.

Certain embodiments of the invention will now be
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described, by way of example only, and with reference to
the accompanying drawings in which:-

Figure 1 is a schematic view of a first embodiment
of the invention;

Figure 2 is a schematic view of a modified version
of the Figure 1 embodiment;

Figure 3 is a schematic view of an alternative
embodiment of the invention;

Figure 4 is a diagram illustrating the use of the
embodiment of Figure 1 where no extravasation has
occurred; and

Figure 5 is a diagram illustrating the use of the
embodiment of Figure 1 where extravasation has occurred.

In Figure 1 a patient's arm is illustrated at 1. A
contrast medium is being infused into the patient from a
pump 10. The pump is controlled by an electronic pump
controller 11, which varies the pump speed as required
and starts and stops it.

The contrast medium flows via flexible tube 12 to
cannula arrangement 13, which comprises a connector for
connection to the flexible tube, and a fine bore tube 14
which has been inserted into a vein in the known manner.

Ultrasound Doppler probe 2 is placed above the samé
vein and a convenient distance downstream so as to be
clear of the infusion site. The Doppler probe consists
of a single transducer element 2 which in use is placed
at an angle to the vein to create and detect a Doppler
shift from the flow. The probe 2 is connected via a
flexible lead 3 to a processor unit 4. This converts the
output from the probe 2 into a form that may be
displayed as an image on display unit 5 in the
conventional manner. In addition it provides a digital
signal proportional to the flow velocity detected by the
probe 2. This value is then also displayed on display 5.
In addition, the unit 4 determines whether the wvelocity
corresponds to a flow of contrast medium along the vein.

When the infusion is to commence, the operator sets
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the desired infusion rate by inputting it into the pump
controller 11 and then inputs a start sigﬁal into unit 4
by pressing a key (not shown). This in turn transmits a
start signal to the pump controller 11 which energises
the pump and causes it to run at the desired speed.

The processor unit 4 then checks the flow velocity
as described above. If it is not satisfactory within a
pre-determined short period of time the infusion will be
stopped.

As may be seen from Figure 4, if the cannula is
properly sited and the contrast medium flows as desired
along the vein, this Will lead to an increased flow
velocity in the vein. This is detected by ultrasound
probe 2 and, as described above, the processor unit 4
will therefore determine that no extravasation has
occurred. It will therefore continue to send a "pump"
signal to pump controller 11.

Figure 5 shows the situation that might occur when
there is extravasation of contrast medium and
consequently no flow in the vein. This results in a low
or zero velocity output from the probe 2 from which the
pbrocessor unit 4 determines that extravasation has
occurred. It theréfore immediately sends a "stop" signal
to pump controller 11 which stops pump 10. In this way,
the infusion may be stopped almost as soon as the
problem occurs with the result that only a small amount
of contrast medium enters the tissue surrounding the
vein. .

Although the situation illustrated in Fig 5 is most
likely to occur when the infusion commences, the
processor unit constantly monitors the output from the
probe 2 throughout the infusion procedure and can stop
the pump at any time. '

Figure 2 shows a modified version of the embodiment
of Figure 1 in which an array of individual transducer
elements is provided and in use is arranged on the

patient's arm substantially transverse to the direction



WO 2004/052431 PCT/GB2003/005269

10

15

20

25

30

35

10

of flow of the vein (i.e. normal to the plane of Figure
1) . Thus, the precise location of the vein need not be
known prior to measurement. The signal from each
transducer varies depending upon whether it is situated
above tissue or above a vein (a Doppler shift will be
detected if the transducer is directed towards moving
fluid such as blood flowing in a vein). By monitoring
the signals received by each transducer element in the
array, the location of the vein can be detected. Once
it has been determined which transducer elements are
situated over the vein, those transducer elements can be
monitored for changes in the flow velocity within the
vein and hence it can be determined whether or not
extravasation has occurred.

Figure 3 shows an alternative embodiment of the
invention in which the Doppler probe 2 consists of a
number of individual transducer elements 2a-2f. These
transducer elements are spaced at regular intervals to
form an array which can be placed on a patient's arm
downstream of cannula arrangement 13 to extend along the
vein in the flow direction.

In a modified version of the embodiment of Figure 3
(not illustrated), a two dimensional array of individual
transducer elements is provided such that the elements
extend both substantially transverse and substantially
parallel to the direction of flow of the vein. 1In this
way, the precise location of the vein need not be known
at each measurement point before commencing measurement.

Instead, as previously described, it is determined
which elements of the array are situated over the vein
and those elements are monitored for changes in the flow
velocity within the vein. Each such transducer element
measures the flow rate at a rnespective point in the vein
and this information is provided to the processor unit
4. The processor can therefore determine the
approximate position along the vein at which

extravasation has occurred. Thus for example, if the
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flow velocity measured at elements 2a to 2c corresponds
to the flow velocity of the contrast medium within the
vein but the velocity measured at element 2d does not,
the processor determines that extravasation has occurred

in the region of transducer element 2d. The remaining

- parts shown in Figure 3 correspond to those shown in

Figure 1 and so are not described again here.



WO 2004/052431 PCT/GB2003/005269

10

15

20

25

30

35

12

Claims

1. A method of detecting extravasation during the
infusion of a substance into a blood vessel comprising
the step of detecting a change in the flow velocity
within the blood vessel downstream of the point of

infusion.

2. A method as claimed in claim 1, wherein an
array of detector elements is arranged substantially
transverse to the direction of flow of the blood vessel
downstream of the point of infusion so as to locate at
least one said detector element over the vessel.

3. A method as claimed in claim 1 or 2, wherein
the flow velocity within the blood vessel is measured at
a plurality of points spaced apart along the vessel and
downstream of the point of infusion.

4. A method as claimed in claim 1, 2 or 3,
wherein the infusion is a venous infusion of a contrast
agent.

5. A method as claimed in any preceding claim,
wherein flow velocity changes are continuously or

repeatedly monitored during the procedure.

6. A method as claimed in any preceding claim,
further comprising the provision of a notification that

extravasation has occurred.

7. A method as claimed in any preceding claim,
further comprising the automatic shutdown of the

infusion in response to the detection of extravasation.

8. An apparatus for detecting extravasation

during the infusion of a substance into a blood vessel
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qomprising a detecto; for detecting a change in the flow
velocity within the blood vessel downstream of the point
of infusion, the apparatus being arranged to provide an

output signal when extravasation occurs. .

9. Bn apparatus as claimed in claim 8, wherein
the detector comprises an array of detector elements
that may be arranged substantially transverse to the
direction of flow of the blood vessel so.as to locate at

least one said detector element over the vessel.

10. An apparatus as claimed in claim 8 or 9, the
detector being adapted to measure the flow velocity
within the blood vessel at a plurality of points spaced
apart along the vessel and downstream of the point of

infusion.

11. An apparatus as claimed in claim 8, 9 or 10,
wherein the output signal is a notification, alarm or
the like.

12. An apparatus as claimed in any of claims 8 to
11, wherein the output signal is a control signal to
control the infusion.

13. An apparatus as claimed in any of claims 8 to
12, or a method as claimed in any of claims 1 to 7,

‘wherein the detector is an ultrasound Doppler probe.

14. An apparatus or method as claimed in claim 2
or 9, wherein the detector elements are ultrasound
transducer elements. '

15. A system for giving an infusion comprising an
infusion pump arranged to infuse a substance into a
blood vessel and an extravasation detector according to
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any of claims 8 to 14) wherein the detector apparatus is
arranged to control the infusion pump.

16. A method of detecting extravasation
5 substantially as herein described with reference to

Figures 1, 4 and 5 of the accompanying drawings.

17. A method of detecting extravasation
substantially as herein described with reference to
10 Figures 2, 4 and 5 of the accompanying drawings.

18. A method of detecting extravasation
substantially as herein described with reference to

Figures 3 to 5 of the accompanying drawings.

15
19. An apparatus for detecting extravasation
substantially as herein described with reference to
Figures 1, 4 and 5 of the accompanying drawings.
20 20. An apparatus for detecting extravasation

substantially as herein described with reference to

Figures 2, 4 and 5 of the accompanying drawings.

21. An apparatus for detecting extravasation
25 substantially as herein described with reference to

Figures 3 to 5 of the accompanying drawings.

22. A system for giving an infusion substantially
as herein described with reference to Figures 1, 4 and 5
30 of the accompanying drawings.

23. A system for giving an infusion substantially
as herein described with reference to Figures 2, 4 and 5
of the accompanying drawings.
35
24. A system for giving an infusion substantially
as herein described with reference to Figures 3 to 5 of
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the accompanying drawings.
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