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METHOD AND APPARATUS FOR DETERMINING 
A BLOOD FLOW DURING AWASCULAR ACCESS 
DYSFUNCTION CORRECTIVE PROCEDURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
application Ser. No. 09/241,455 filed Feb. 2, 1999, herein 
incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002) Not Applicable. 

REFERENCE TO A “SEQUENCE LISTING” 

0003) Not applicable. 

BACKGROUND OF THE INVENTION 

0004. The use of intravascular catheters for treatment of 
the body is well known in the field of medicine. The use of 
dilation or balloon catheterS has become widespread in the 
treatment, for example, of restrictions within the coronary 
blood vessels, Such as Stenotic lesions. In balloon angio 
plasty, a catheter carrying a balloon at its distal end is guided 
through the blood vessel to a point adjacent the lesion. The 
placement of the balloon is aided by use of a fluoroscope and 
radiopaque elements. The size and type of the balloon is 
generally Selected by the physician based on his knowledge 
of the size and type of lesion. The balloon is then expanded 
by providing an expansion fluid from the proximal end of the 
catheter through a fluid lumen within the catheter to the 
balloon. The expanded balloon acts on the lesion in a manner 
to reopen at least a portion of the restricted vessel. The 
balloon is then deflated for removal from the body, though 
Sometimes repeated reinflation may be deemed necessary by 
the physician prior to removal. 
0005 Though balloon angioplasty is well known as a safe 
and effective method for treatment of the vascular disease 
described above, there are still problems that arise during the 
procedure. For example, Stenotic lesions often have a highly 
irregular cross-sectional configuration, and may vary greatly 
in their hardness, both of which make for difficulty in 
determining what size and composition of balloon to use, 
and how often to inflate it. These complications further 
compound the problem of determining the efficacy of the 
procedure. 
0006 Traditionally, the angioplasty procedure is per 
formed, the catheter is removed and the procedure is termi 
nated. At a later time, days weeks or months, a measurement 
is taken of blood flow through the previously treated vessel. 
Depending upon the resulting blood flow, the patient may be 
again admitted to the facility and another complete angio 
plasty procedure performed. 

0007 Prior methods for determining blood flow through 
Such a reconstructed vessel include injecting a radioactive 
isotope and monitoring through external equipment passage 
of the isotope to determine blood flow. 
0008 Alternatively, ultrasonic devices have been used to 
image the vessel prior to reconstruction and re-image the 
vessel Subsequent to reconstruction to obtain two-dimen 
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Sional images of the vessel. These two-dimensional images 
are then used as basis for calculating the blood flow through 
the reconstructed area. 

0009. However, each of these procedures is relatively 
complex in that it involves Significant external equipment. In 
addition, these measurements are taken before and after the 
entire angioplasty procedure. Thus, if Sufficient flow is not 
restored, the entire angioplasty procedure including reinser 
tion must be repeated. Thus, the patient is exposed to all the 
complications of the procedure as well as increased hospital 
time. 

0010. Therefore, need exists for a method and apparatus 
for determining blood flow during angioplasty procedures 
Such that the efficacy of the procedure and reconstruction of 
the relevant vessel may be determined in real time. The need 
continues Such that intra-procedural evaluation improve 
ments in access flow may be identified. The need also exists 
for a relatively simple and inexpensive method and appara 
tus for determining the intra-procedural blood flow. 

FIELD OF THE INVENTION 

0011. The present invention relates to blood flow mea 
Surements and more particularly, to the real time determi 
nation of blood flow during vascular acceSS dysfunction 
corrective procedures whereby the efficacy of the procedures 
can be determined prior to termination of the Session. 

DESCRIPTION OF RELATED ART 

BRIEF SUMMARY OF THE INVENTION 

0012. The present invention provides a method and appa 
ratus for the real time determination of acceSS flow during 
procedures to correct vascular access dysfunction. In par 
ticular, the invention provides for the determination of flow 
by dilution measurement. By determining intra-procedural 
access flow, the effectiveness of the Surgical revision can be 
promptly assessed and appropriate remedial action promptly 
taken. As a physician can immediately and accurately deter 
mine intervention effectiveness, the procedure may be 
“tuned” to provide optimal access flow. 
0013 The Surgical revision may include angioplasty, 
angioplasty of the arteries and angioplasty of the veins as 
well as hemodialysis grafts. The access flow may be mea 
Sured in vascular grafts, arteriovenous shunts, arteriovenous 
grafts, transcutaneous shunts or fistulas, as well as arteries, 
veins, vascular ducts and channels, collectively referred to 
as “vessels'. 

0014) The present apparatus includes an elongate catheter 
having an indicator introduction port and a blood property 
Sensor Spaced downstream from the port. In addition, it is 
contemplated the catheter may include a Selectively expand 
ing member Such as an angioplasty balloon. Thus, the 
present invention provides an angioplasty catheter with a 
blood property Sensor, wherein the any resulting change in 
flow rate is determined prior to removal of the catheter. 
0015 The present method provides for inserting the 
angioplasty catheter into a relevant vessel to locate the 
indicator introduction port upstream of a blood property 
Sensor, locating the Sensor to minimize wall effects, forming 
a first indicator bolus in the bloodstream upstream of the 
Sensor; measuring passage of the first bolus past the Sensor; 
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calculating the blood flow in response to the passage of the 
first indicator bolus, performing the angioplasty procedure; 
introducing a Second indicator bolus through the indicator 
introduction port; measuring passage of the Second indicator 
bolus past the downstream Sensor; and calculating the result 
ing change in flow. It is understood the vessel may include 
any vascular passage through which it is desired to measure 
flow. 

0016. As the measurements and calculations are done in 
real time, an operator is immediately provided an intra 
procedural quantitative measurement of flow through the 
respective vessel in response to the Surgical procedure. 
0.017. In addition, the blood property sensor may be 
configured to minimize wall effects on the Signal from the 
Sensor. That is, the Sensor and catheter are configured to 
maximize Sensitivity to the relevant blood property and 
minimize effects from the local region of the vascular wall. 
Further, the System is configured to balance the need for a 
Sufficient indicator Volume to produce a high quality dilution 
curve having an acceptable signal-to-noise ratio against an 
overwhelming of the initial access flow by the introduced 
indicator. The present System also allows for minimizing the 
effect indicator introduction on the measured blood volume. 

BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWING(S) 
0.018 FIG. 1 is a side elevational view of a catheter and 
an angioplasty expander member. 
0.019 FIG. 2 is a schematic view of a catheter end and 
angioplasty expander member. 
0020 FIG. 3 is an enlarged cross sectional view of the 
angioplasty expander member in an expanded configuration. 
0021 FIG. 4 is a schematic view of a first configuration 
of the invention in an operative environment. 
0022 FIG. 5 is a schematic view of a second configu 
ration of the invention in an operative environment. 
0023 FIG. 6 is a schematic view of an alternative 
application of the Second configuration in an operative 
environment. 

0024 FIG. 7 is a graph representing passage of the 
indicator bolus past the Sensor. 
0025 FIG. 8 is a side elevational view of a portion of a 
catheter showing a blood property Sensor. 
0026 FIG. 9 is a side elevation view taken along line 9-9 
of FIG. 8. 

0.027 FIG. 10 is a graph representing measured electrical 
impedance in relation to rotation of the sensor of FIGS. 8 
and 9 adjacent a vascular wall. 
0028 FIG. 11 is a side elevational view of an alternative 
Sensor configuration. 

0029 FIG. 12 is a cross sectional view taken along line 
12-12 of FIG. 11. 

0030 FIG. 13 is a side elevation view of an alternative 
introduction port configuration. 

0.031 FIG. 14 is a further alternative construction of an 
indicator introduction port. 
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0032 FIG. 15 is a graph representing passage of an 
electrical impedance indicator bolus. 
0033 FIG. 16 is a graph representing a constant infusion 
of an electrical impedance indicator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0034) Referring to FIGS. 1-3, the present invention 
includes an elongate catheter 10 having an indicator intro 
duction port 30 and a spaced apart blood property sensor 40. 
A controller 60 and a dilution indicator Source 80 are 
selectively connected to the catheter 10. 
0035. The present invention provides for intra-procedural 
measurement of flow through the vascular Section in which 
the catheter is located. Generally, the catheter provides for 
measurements relating to an inducted change in a blood 
property. In a preferred configuration, the change in blood 
property inducted by the introduction of an indicator. 
0036. It is understood the indicator is any substance that 
alters a measurable blood property. The indicator may alter 
any measurable parameter of the blood. For example, the 
indicator may be chemical, optical, electrical, thermal or any 
combination thereof. The particular indicator is at least 
partly dictated by the anticipated operating environment. 
Available indicators include Saline Solutions, increased or 
decreased temperature as well as dyes and various isotopes. 
The use of temperature differentials may be accomplished 
by locally creating a heat Source or a heat Sink in the 
Surrounding flow. The creation of a local temperature gra 
dient offers the benefit of being able to employ a dilution 
indicator without introducing any additional Volume into the 
blood flow. That is, a temperature differential may be created 
without an accompanying introduction of a Volume of 
indicator. Alternatively, a volume of heated or cooled blood 
may be introduced at the indicator introduction port 30 as the 
indicator. 

0037. Further, the present invention is applicable in a 
variety of flows including vascular grafts, arteriovenous 
(AV) Shunts, fistula, arterial vessels, venous vessels, arte 
riovenous grafts, transcutaneous shunts in procedures 
including hemodialysis and angioplasty. 

0038. The present invention may be employed as a dilu 
tion catheter and used in conjunction with an angioplasty 
catheter. Alternatively, the dilution catheter 10 may by 
incorporated into an angioplasty catheter. AS the angioplasty 
catheter incorporating the indicator introduction port 30 and 
the Spaced apart blood property Sensor 40 encompasses the 
invention, the description will be set forth in terms of the 
angioplasty catheter. 
0039 The present invention is operable in a number of 
fluid regimes, for purposes of clarity and consistency, the 
present invention is set forth in a blood flow environment. 
The term "upstream” of a given position refers to a direction 
against the flow of blood and the term “downstream” of a 
given position is the direction the blood flows away from the 
given position. 

0040 FIG. 1 shows the angioplasty catheter 10, the 
controller 60 and the dilution indicator Source 80. The 
angioplasty catheter 10 has a proximal end 12 and a distal 
end 14, the distal end ending at a terminus 15. The angio 
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plasty catheter 10 is connected at its proximal end 12 to a 
manifold 16 and includes an angioplasty expander member 
20 at or adjacent the distal end 14. Although the angioplasty 
expanding member 20 is shown as a balloon, it is understood 
that any of a variety of devices may be used to reduce a 
Stenosis of a vessel. For example, rotating elements have 
been employed as well as relatively high pressure fluid 
Streams or Sprays, appropriate chemicals, recirculating and 
non recirculating devices. The present invention may be 
employed with any of these Stenosis reducing devices or 
techniques, as well as those discussed Subsequently in 
relation to thrombosis. 

0041. The angioplasty expander member 20 is selectively 
expandable to occupy a first contracted croSS Sectional area 
and a larger Second expanded croSS Sectional area. The 
angioplasty expander member 20 may be any of a variety of 
configurations, and is referred to as a balloon. In contrast to 
an inflatable member for merely retaining a catheter at a 
location within a vessel, the present angioplasty expander 
member is constructed to withstand Significantly higher 
preSSures. For example, the present angioplasty balloon can 
withstand pressures from 5 psi up to 20 psi. 
0042. It is understood that locating balloons are used with 
catheters. These locating balloons are fundamentally differ 
ent than angioplasty balloons. The locating balloon is an 
elastic member. Locating balloons are generally Spherical 
and are capable of withstanding just Sufficient pressure to 
partially inflate in the blood flow. Inflation pressures are 
relatively low, on the order of one psi. The elastic construc 
tion of the locating balloon is such that the balloon may be 
Subject to increased inflation preSSure and increased diam 
eter up to failure. The geometry of the locating balloon is 
Selected to allow the balloon (and accompanying catheter) to 
be carried along a vessel by the blood flow. That is, the 
geometry of the locating balloon Sufficiently increases the 
hydrodynamic resistance to blood flow to translate the 
balloon and catheter along the vessel. 
0043. In contrast, an angioplasty balloon is a generally 
elongate inelastic inflatable member capable of relatively 
high pressures. The angioplasty balloon is only expandable 
to a predetermined size or croSS Sectional area. Compared to 
the locating balloon, angioplasty balloons may require infla 
tion pressures greater than 2 psi and as high as 20 psi or 
greater. The elongate Structure of the angioplasty balloon 
provides for relatively complete contact along the narrowing 
of the vessel. That is, the Spherical locating balloon presents 
only a point or ring of contact with the Surrounding vessel. 
The angioplasty balloon contacts a length of the vessel to 
provide relatively constant pressure along the length of 
contact. In addition, a slight inflation of the locating balloon 
is used to increase a resistance to blood flow which in turn 
causes translation of the balloon along the vessel, thereby 
allowing the locating balloon to the disposed along a vessel. 
In contrast, a slight inflation of the angioplasty balloon 
permits flow around and along the balloon and does not 
create Sufficient resistance to flow to induce translation of 
the balloon (and catheter) along the vessel. Use of a locating 
balloon to perform angioplasty would allow an elastic 
balloon to be inflated within the vessel Such inflation of an 
elastic member could rupture the vessel. Alternatively, the 
elastic member of the locating balloon may not have Suffi 
cient Strength to displace the vessel wall and perform the 
angioplasty. 
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0044) The manifold 16 includes inlet ports 17, 19 and 21. 
These inlet ports or additional ports may be adapted to 
receive desired inputS Such as a guide wire to aid in the 
placement of the balloon within the body vessel. The inlet 
port 19 may be employed to introduce an inflation fluid 
through the inlet port to selectively expand the balloon. 20. 
0045 Referring to FIGS. 2 and 3, inlet port 17 is an 
indicator inlet for introducing the indicator to the catheter. 
The angioplasty catheter 10 includes an indicator lumen 22 
extending from the indicator inlet 17 in the manifold 16 to 
the indicator introduction port 30. Preferably, the indicator 
lumen 22 is located in the interior of the angioplasty catheter 
10 and is selectively connected to the indicator source 80. 
The inlet port 21 is connected to a corresponding lumen for 
providing communication to the blood property Sensor 40. 
The blood property sensor 40 is operably connected to the 
controller 60. 

0046) The indicator source 80 may be any of a variety of 
configurations, but is preferably a metered dispenser of the 
indicator, wherein the Volume of indicator and rate of 
indicator introduction is precisely controlled and measured. 
0047. It is also contemplated the indicator introduction 
port 30 may be a local heater or cooler for selectively 
heating or cooling a blood flow past the indicator introduc 
tion port. In this construction, the indicator source 80 is the 
energy for heating or cooling the flow in the region of the 
indicator introduction port 30. Referring to FIG. 14, the 
indicator introduction port 30 may include a heating or 
cooling element for creating a local temperature gradient in 
the passing flow. That is, the indicator introduction port 30 
encompasses a local heat Sink or heat Source for creating 
temperature gradient in the Surrounding flow. Thus, a dilu 
tion indicator is created without introducing an accompa 
nying Volume increase in the flow to be measured. AS shown 
in FIG. 13, the indicator introduction port 30 may include a 
plurality of radial or axial Spaced orifices through which the 
indicator is introduced into the flow. The particular location 
and configuration of the orifices are Selected to assist in 
obtaining mixing of the introduced indicator and the blood 
flow. 

0048 Referring to FIG. 3, an over-the-wire balloon 
angioplasty catheter 10, wherein the angioplasty balloon 20 
is shown as Sealed to an Outer Surface of the catheter. It will 
be recognized that the constructions of the angioplasty 
balloon as shown in FIG. 3 is merely representative of these 
elements of the various forms of balloon angioplasty cath 
eters, and that this representative form of drawing has been 
Selected for purposes of clarity in describing the present 
invention. 

0049. As shown in FIGS. 3-6, the blood property sensor 
40 is located downstream of the indicator introduction port 
30. Thus, depending upon the particular application, the 
indicator introduction port 30 may be intermediate the distal 
end 14 of the angioplasty catheter 10 and the sensor 40, or 
the Sensor may be intermediate the distal end of the angio 
plasty catheter and the indicator introduction port. 
0050 Referring to FIGS. 4-6, the blood flow in the 
vascular passage is identified as Qb, and the arterial Side is 
identified as A and the venous side identified as V. 

0051. The sensor 40 is sufficiently spaced from the indi 
cator introduction port 30 to Substantially ensure a complete 
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mixing of the introduced indicator with the flow. For arti 
ficial grafts, it has been found that a distance greater than 
approximately 5-6 cm between the indicator introduction 
port 30 and the downstream sensor 40 is sufficient to ensure 
mixing. It is understood that local conditions at the point of 
indicator introduction will effect required distance between 
the indicator introduction port 30 and the sensor 40. Local 
conditions include flow rate, turbulence, introduction rate 
and port configuration. Therefore, the actual distance 
between the blood property sensor 40 and the indicator 
introduction port 30 may be determined by number of 
parameters and the disclosed value may not apply. 
0.052 The blood property sensor 40 is selected to identify 
a change in a parameter of the blood. That is, a variation in 
a blood property is detected by the sensor 40. The particular 
sensor 40 is at least partially determined by the indicator 
used. AS previously Stated, the indicators may be any of a 
variety of indicator Such as, but not limited to impedance, 
optical, thermal, electrical, density and ultrasound Velocity. 
Thus, depending on the particular indicator, the Sensor 40 is 
accordingly configured. The blood property Sensor 40 may 
be an electrical impedance Sensor, an optical Sensor, a 
thermal Sensor, Sound Sensor or even a chemical Sensor. 
0053. The blood property sensor 40 and the angioplasty 
catheter 10 are constructed to provide for location of the 
Sensor with respect to the vessel wall So as to minimize wall 
effects. This is particularly important for electrical imped 
ance Sensors. That is, if an electrical impedance Sensor is 
located adjacent to the vessel wall, the impedance measured 
by the electrical Sensor drastically increases thereby jeop 
ardizing an accurate measurement of resistance of the blood 
flow. 

0.054 The electrical impedance sensor records a change 
in the electrical impedance of the blood induced by the 
introduced indicator. However, it has been found that a 
narrow vascular passage that locates an electrical Sensor 
adjacent the wall can render improper readings. Specifically, 
impedance drastically increases upon locating the Sensor in 
contact with the vascular wall. Thus, a configuration of the 
present invention includes a Sensor 40 constructed to maxi 
mize Sensitivity to blood electrical impedance and minimize 
sensitivity to the vessel wall. 
0055. In one configuration as shown in FIGS. 8 and 9, 
the electrical impedance Sensor 40 includes a pair of Spaced 
apart conductive rings 42 on the catheter 10. Each ring 42 
includes a non conducting portion or break 44. The non 
conducting portion 44 may alternatively be formed by 
disposing an insulating layer on a portion of the ring 42. The 
insulating layer may be a biologically appropriate paint. The 
non conducting portion 44 is used in locating the catheter 
with respect to the vascular wall. The sensor 40 is con 
Structed So that the electrical field will preferentially propa 
gate in the blood. The rings 42 are Sufficiently close to each 
other so that the electrical field is confined to a relatively 
Small Volume between the rings. 
0056. In an alternative configuration to minimize wall 
effects, a plurality of Spaced Sensor may be located about a 
circumference of the catheter 10. In this configuration, the 
conductive portion of the ring is again designated as 42 and 
the non conductive portion is set forth as 44. In this 
construction, each conductive area is operably connected to 
the controller 60. 
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0057 Preferably, the conductive rings 42 are formed of 
Stainless Steel. The distance between the conductive rings 42 
is selected (1) to be sufficiently Small to concentrate the 
electrical filed between the electrodes to minimize the 
influence of the vascular wall, and (2) large enough to 
eliminate the negative electrode effects (i.e. polarization) of 
highly concentrated electrical fields in a bipolar System. 

0058. Thus, the electrical impedance sensors may be 
located to occupy only a specific portion of the angioplasty 
catheter periphery. Preferably, the electrical Sensors are 
longitudinally spaced (separated) and occupy a common 
longitudinal Section of the periphery. 

0059 More generally, it is understood that controlled 
catheter rotation may be employed to determine the best 
position of the Sensor with respect to the vessel wall as well 
as the Screening of Signals from multiple Sensors to identify 
the most appropriately located Sensors. In addition, the 
Sensors may be any of a variety of blood property Sensors 
including optical, thermal and any other chemical or physi 
cal property. 

0060 Alternatively, the angioplasty catheter 10, or a local 
Section of the catheter may be formed of a Sufficiently rigid 
material So that a slight bend or curvature may be formed 
and retained in a length of the catheter to form a concave 
Section. The sensor 40 is then located within the concave 
Section and is Shielded by the concavity So as to be displaced 
from the adjacent vessel wall. 

0061 More generally, an outer wall of the angioplasty 
catheter 10 may include a receSS sized to receive the Sensor 
40. Upon locating the sensor 40 within the recess wall 
effects may be Substantially precluded. 

0062) The controller 60 is operably connected to the 
sensor 40 and the indicator Source 80. The controller 60 
includes a processor for performing the calculations neces 
sary to provide the flow rate. 

0063. The controller 60 may be configured to provide the 
necessary electrical signal to the electrical impedance Sen 
Sor. An anticipated frequency will be approximately 100 
kHZ. 

0064. For example, in measuring hemodialysis vascular 
access flow, the controller 60 measures the access flow by 
monitoring the passage of completely mixed indicator in the 
blood. Referring to FIG. 7, the concentration curve resulting 
from the introduction and mixing of the indicator is recorded 
by the Sensor. Access flow, AF, is then calculated according 
to: 

AF= V 
C(t)dt 

0065 where V is the volume of indicator introduced, 
JC(t)dt is the area under the dilution curve that is equal to 
the average concentration of the indicator in the flow for the 
duration of the curve multiplied by the duration of the 
duration of the curve. 

0066. To provide accuracy of the measurement, as shown 
in FIGS. 4-6, the indicator should by completely mixed with 
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the flow and effects resulting from the proximity of the 
vascular wall and the Sensor should be minimized. 

0067 For the electrical impedance dilution sensor, the 
access flow, AF, can be calculated according to: 

AF = W 

0068 where Zb is the electrical impedance of the blood 
and Zi is the electrical impedance of the indicator (in ohms); 
and AZb(t) is the change in electrical impedance from a 
baseline at time t due to the injection of the indicator. 

0069 More specifically, the access flow for a bolus 
injection, as shown in FIG. 11, may be calculated from: 

AF2 V--- 
JAZ, (t)so di 

0.27Z, 
(S. +0.51(l -- 

0070 where V is the volume of the saline bolus ml), Z, 
is the blood electrical impedance measured in ohms, Zs is 
the Saline electrical impedance measured in ohms, S76 is the 
concentration of Saline, AZ(t)is the change in the electrical 
impedance from a baseline at time t due to injection of the 
indicator in ohms, JAZ(t)s adt is the area under the blood 
electrical impedance dilution curve ohm X min.). 
0071 Similarly, the access flow for a constant infusion, 
as shown in FIG. 12, may be determined from: 

AFa 4 (so +0.51f1 + 2 a QSc., AZ,0s.' -- ). ( + 2) 

0072 where Qs is the infusion speed of the saline 
ml/min, Z is the blood electrical impedance measured in 
ohms, Zs is the Saline electrical impedance measured in 
ohms, S % is the concentration of Saline, and AZ(t)s the 
blood electrical impedance baseline shift corresponding to 
the Saline infusion. 

0073. The controller 60 may be further configured to 
determine an effective croSS Sectional area of the vascular 
access. Effective croSS Sectional area directly effects the 
hydrodynamic resistance of the vascular access and may be 
useful as an additional independent criteria of vascular 
access condition. 

0.074 As the controller 60 is connected to or receives the 
time, t, of indicator injection by the indicator source 80 and 
the Sensor provides a signal corresponding to passage of the 
indicator, the transit time of the indicator between the 
indicator introduction port 30 and the sensor 40 is provided 
to the controller. The controller 60 multiplies the transit time 
by the calculated access flow to determine the Volume 
between the indicator injection port 30 and the sensor 40. 
That is, the flow rate equals the croSS Sectional area multi 
plied by the flow velocity. Thus, the effective cross sectional 
area S may be calculated from: 
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MTT 
S = AH): 

0075 where MTT is the mean transit time of the indicator 
passing the distance L from the indicator injection port 30 to 
the sensor 40. 

0076) Operation 
0077. In operation, the angioplasty catheter 10 may be 
employed in either of two configurations, (i) where the distal 
end 14 of the angioplasty catheter is the upstream portion of 
the angioplasty catheter as shown in FIG.4, or (ii) where the 
distal portion of the angioplasty catheter is the downstream 
end, as shown in FIG. 5. In either configuration, the angio 
plasty catheter 10 is inserted into the vessel to locate the 
indicator introduction port 30 upstream of the sensor 40. 
0078. An indicator is introduced through the indicator 
introduction port 30 from the indicator source 80. It is 
understood that if a thermal indicator were employed, the 
localized heating or cooling of the blood flow would not 
result in any introduction of indicator, but would be an 
indicator formation. The indicator is thus formed or intro 
duced upstream of the sensor 40. 
0079 AS at least partially determined by the environ 
ment, the Sensor 40 is located a Sufficient distance down 
Stream of the indicator introduction port 30 to ensure mixing 
of the indicator with the blood flow. 

0080. The sensor 40 is located to minimize the wall 
effects. As shown in FIG. 10 by rotating the catheter, the 
rings 42 are moved relative to the adjacent vascular wall. By 
rotating the Sensor 40 to locate the orientation of minimal 
impedance, as shown between the lines on the graph, the 
Sensor is located to measure the electrical impedance from 
the blood flow, rather than the adjacent wall. Thus, the 
catheter 10 is rotated to locate the sensor 40 so that the 
impedance is minimal. 

0081. If the configuration of the electrical sensor having 
a plurality of circumferentially spaced conductive areas is 
employed, the resulting impedance measurement is moni 
tored for each area and those areas having adverse wall 
effects are not employed by the controller 60, while those 
areas having a minimized wall effect are relied upon by the 
controller 60. 

0082 Alternatively, the controller 60 will simultaneously 
employ the Signals of all Sensors using an algorithm to 
optimize the results with best elimination of wall effects. 
Alternatively, the plurality of Sensors may be read by the 
controller in a Sequential manner and the appropriate Sen 
Sor(s) employed. 

0083. The blood flow causes the indicator bolus to pass 
the downstream sensor 40. Passage of the bolus is measured 
by the sensor 40. The blood flow may then be calculated by 
the controller 60. 

0084. The angioplasty procedure is then performed. That 
is, the angioplasty balloon is inflated and the vessel is locally 
expanded. It is understood the procedure may be any of the 
previously recited operations. 
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0085. A subsequent blood flow measurement is then 
taken again by introducing a second indicator bolus (or 
forming a Second indicator bolus) upstream of the Sensor 40, 
and measuring passage of the bolus past the Sensor and 
calculating the flow rate. 
0.086 The operator may thus readily identify any increase 
in blood flow through the vessel and repeat the procedure as 
neceSSary. 

0087. It is understood that some procedures, such as 
vascular access in hemodialysis, there may be Sufficient 
vessel Volume to accommodate two catheters. In Such situ 
ations it is anticipated an angioplasty catheter and a separate 
dilution Sensor catheter may be employed. That is, the 
expander balloon 20 is located on a Separate catheter from 
the Sensor 40. In this operating configuration, the present 
System again allows for intra-procedural measurement of the 
flow by employing the dilution techniques Set forth herein, 
for flow measurement before, during and after the angio 
plasty procedure. 

0088. It is also considered that the present invention may 
be employed Subsequent to an angioplasty procedure. That 
is, in using either the combined angioplasty-Sensor catheter 
or Separate angioplasty catheter and Sensor catheter, the 
angioplasty procedure may be performed and then the blow 
flow determined. Although no prior measurement is made 
with device, an after angioplasty measurement can be made. 
The after angioplasty measurement may be compared to a 
base line value, if desired. 
0089. It is understood, the present invention is applicable 
to corrective procedures for thombosed or malfunctioning 
vascular acceSS as well as occluded or partially occluded 
vessels, including but not limited to, Stenosed ducts, chan 
nels, canals, tubes, Vessels or the like. The term Stenosis is 
taken to encompass all these terms as well as any narrowing 
or reduction of a passage through which flow is to be 
restored. The use of the present invention in connection with 
the procedure provides the real time evaluation of the 
procedure. 

0090 The corrective procedures include, but are not 
limited to, the removal of a thrombus, angioplasty, atherec 
tomy or dislodgment of a thrombus. The removal of a 
thrombus may be accomplished in a variety of ways includ 
ing (i) pharmacomechanical thrombolysis using urokimas, 
(ii) pulse-spray thrombolysis using herparinized Saline; (iii) 
balloon thrombectomy techniques, and (iv) mechanical 
thrombectomy devices, including recirculation type devices 
and non-recirculation type devices. 
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0091. In addition, the flow calculation may be performed 
prior to the corrective procedure, after the corrective pro 
cedure or before and after the corrective procedure, to 
provide intra-procedural flow measurements. 
0092. Thus, the present invention provides intra-opera 
tive evaluation of access flow during Surgical procedure to 
allow more rapid restoration of a more functional graft, 
extend access life and reduce the incidence and expense of 
full access revision Surgery. The immediate feedback of 
access flow, including arterial and Venous flow, in response 
to the angioplasty permits the operator to maximize the 
effect of the procedure as well as reduce the need for 
repeating the procedure. 

0093. While the invention has been described with ref 
erence to preferred embodiments, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the Scope of the invention. In addition, many 
modifications may be made to adapt a particular situation of 
material to the teachings of the invention without departing 
from the scope of the invention. Therefore, it is intended that 
the invention not be limited to the particular embodiments 
disclosed as the best mode contemplated for carrying out 
this invention, but that the invention will include all embodi 
ments falling within the Scope and Spirit of the appended 
claims. CLAIM OR claims 

1. An apparatus for determining a blood flow in a vessel, 
comprising: 

(a) an elongate catheter having an angioplasty balloon, a 
blood property change port and a downstream Sensor 
Spaced from the port for producing a Signal correspond 
ing to a blood property. 

2. A method of monitoring blood flow during angioplasty, 
comprising: 

(a) inserting an angioplasty catheter into a vessel; 
(b) expanding the angioplasty catheter; 
(c) introducing a first blood property change; 
(d) detecting passage of the first blood property change 

past a downstream Sensor on the catheter; and 
(e) calculating the blood flow in response to the change in 

blood property and passage of the blood property past 
the downstream Sensor. 


