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(57) ABSTRACT 

In one form, the therapeutic agent delivery apparatus is used 
for infusing a therapeutic agent into a body lumen and 
includes a lumenal body de?ning a plurality of infusion 
ports for infusing the therapeutic agent into the body lumen, 
and a sensing element distal of the infusion ports and 
adapted to sense the amount of infused therapeutic agent or 
any compound derived from the therapeutic agent in the 
body lumen. In another form, the apparatus includes a 
lumenal body de?ning a plurality of infusion ports for 
infusing the therapeutic agent into the body lumen, and a 
?ltration element distal of the infusion ports and adapted to 
deliver a reaction agent adapted to react With the therapeutic 
agent in the body lumen. A sensing element may be provided 
distal of the ?ltration element for sensing the amount of 
infused therapeutic agent or compounds derived therefrom 
in the body lumen. 
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METHOD FOR DELIVERING 
THERAPEUTIC AGENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 11/469,054, ?led on Aug. 31, 2006, the contents of 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The ?eld of endeavor relates generally to medical 
devices and methods. More particularly, the ?eld of 
endeavor relates to medical devices and methods for infus 
ing therapeutic agents into a body lumen, such as a blood 
vessel, for treating disorders or conditions present in the 
body lumen, such as dissolving and disrupting occlusive 
materials from the blood vessel Wall. 
[0004] 2. Description of Related Art 
[0005] Thrombosis and atherosclerosis are common ail 
ments Which occur in humans and Which result from the 
deposition of thrombus Within the lumen of blood vessels. 
When hardened, such deposits are commonly referred to as 
plaque or clots. Such deposits are common in the peripheral 
blood vessels that feed the limbs of the human body and the 
coronary arteries Which feed the heart. Stasis, incompetent 
valves, and trauma in the venous circulation can cause 
thrombosis, particularly occurring as a deep vein thrombosis 
in the peripheral vasculature. When such deposits accumu 
late in localiZed regions of the blood vessel, they can restrict 
blood ?oW and cause a serious health risk. Thrombosis can 
develop in cerebral vessels, as Well, and be the source of 
ischemic strokes. 
[0006] In addition to forming in the natural vasculature, 
thrombosis is a serious problem in “arti?cial” blood vessels, 
particularly in peripheral femoral-popliteal and coronary 
bypass grafts and dialysis access grafts and ?stulas. The 
creation of such arti?cial blood vessels requires anastomotic 
attachment at least one, and usually at least tWo, locations in 
the vasculature. Such sites of an anastomotic attachment are 
particularly susceptible to thrombus formation due to nar 
roWing caused by intimal hyperplasia, and thrombus forma 
tion at these sites is a frequent cause of failure of the 
implanted graft or ?stula. The arterio-venous grafts and 
?stulas Which are used for dialysis access are signi?cantly 
compromised by thrombosis at the sites of anastomotic 
attachment and elseWhere. Thrombosis often occurs to such 
an extent that the graft needs to be replaced Within a feW 
years or, in the Worst cases, a feW months. 

[0007] A variety of methods have been developed for 
treating thrombosis and atherosclerosis in the coronary and 
peripheral vasculature as Well as in implanted grafts and 
?stulas. Such techniques include surgical procedures, such 
as coronary artery bypass grafting, and minimally invasive 
procedures, such as angioplasty, atherectomy, thrombec 
tomy, thrombolysis, transmyocardial revasculaturiZation, 
and the like. 
[0008] A variety of techniques have been developed for 
dissolving clots using thrombolytic agents, such as tissue 
plasminogen activator (tPA), streptokinase, urokinase, and 
the like. Thrombolytic agents can be very effective at 
attacking and dissolving relatively soft clots, such as that 
formed in deep veins. Such agents, hoWever, require time to 
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act, and local delivery catheters often employ isolation 
balloons to provide high local concentrations of the active 
thrombolytic agents. Even With such enhanced concentra 
tions, the agents can take extended periods to act, rendering 
the treatments lengthy and ine?icient. In some instances, 
extensive regions of clot simply cannot be effectively treated 
using thrombolytic agents alone. In such cases, it has been 
further proposed to provide a mechanical element to disrupt 
the clot While the thrombolytic agents are being delivered. 
An example of such a mechanical approach is disclosed, for 
example, in US. Pat. No. 5,947,985 to Mir A. Imran Which 
describes a catheter having axially spaced-apart balloons for 
isolating a treatment region Within a blood vessel. The 
catheter also includes a port for delivering thrombolytic 
agent betWeen the spaced-apart balloons and a helical Wire 
for removing clot material from the blood vessel Wall to 
assist in aspiration. 
[0009] As Will be appreciated from the foregoing, it is 
knoWn that because of blood ?oW through blood vessels, 
drugs and therapeutic agents delivered to the site of an 
angioplasty procedure, for example, can be rapidly dissi 
pated and removed from the delivery site before they can be 
absorbed in su?icient quantities to become effective. Cath 
eters have therefore been developed to directly deliver drugs 
to the desired site and maintain the drugs there. In some 
cases, the treatment catheter includes delivery ports or other 
structures that bear against the occluded site Within the 
blood vessel and conduct a thrombolytic agent directly to the 
occluded site as disclosed in US. Pat. No. 5,904,670 to 
Schreiner. US. Pat. No. 6,280,413 to Clark et al. discloses 
a thrombolytic agent and drug delivery catheter With an 
expanding portion Which is adapted to bear against and 
deliver the thrombolytic agent directly to the occluded site. 
[0010] US. Pat. No. 5,087,244 to Wolinsky et al. discloses 
a catheter With a ?exible balloon having a plurality of minute 
openings. The balloon can be in?ated by heparin. As the Wall 
of the balloon contacts the arterial Wall, the heparin exits the 
balloon, directly on the Walls. HoWever, the balloon can 
block the perfusion of blood distal to the delivery site, 
depriving doWnstream tissue of needed blood. This limits 
the amount of time available for drug delivery. The in?ation 
of the balloon can also damage the arterial Wall, promoting 
restenosis. In addition, since the balloon is in?ated by the 
heparin, heparin can leak out before the arterial Wall is 
contacted, Wasting the drug. The balloon further needs to be 
de?ated prior to removal or to alloW blood ?oW. The 
pressure required to de?ate the balloon could also draW 
blood into the balloon, preventing further use of the catheter 
until the blood has been removed. US. Pat. No. 4,824,436, 
also to Wolinsky, discloses a drug delivery catheter com 
prising a pair of occlusion balloons for securing the catheter 
in position and isolating a region of the artery Which has 
been opened by percutaneous translumenal coronary angio 
plasty (PTCA), and a drug delivery conduit for delivering 
heparin under pressure into the region isolated by the 
occlusion balloons. The pressure of the heparin forces the 
heparin to coat and penetrate the arterial tissue. This con 
?guration presents similar perfusion problems to those dis 
cussed previously in connection With US. Pat. No. 5,087, 
244 to Wolinsky et al. The heparin, therefore, is only 
delivered for about 5-60 seconds Which may be inadequate 
for su?icient absorption. US. Pat. No. 5,336,178 to Kaplan 
et al. discloses a catheter With drug delivery ribs Which are 
brought into contact With the Walls of the blood vessel lumen 
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by an in?atable balloon. A series of ports in the catheter shaft 
are provided proximal to the balloon to alloW for perfusion 
of blood through the catheter shaft. 
[0011] Due to the possibility of damaging the blood vessel 
Wall, other devices (i.e., catheters) combine the ability to 
deliver or infuse a thrombolytic agent With simple agitation 
Within the blood vessel to remove the thrombus and thus 
avoid in?atable balloon type delivery systems. US. Pat. No. 
6,663,613 to Evans et al. discloses a catheter Which com 
bines the ability to deliver or infuse a thrombolytic agent 
into a blood vessel With an agitation action Which mechani 
cally disrupts the clot forming the occlusion in the blood 
vessel. Another patent, US. Pat. No. 6,939,025 to Evans et 
al., combines the delivery of a lysing agent to a blood vessel 
With a loW frequency vibration motion of the catheter body 
to achieve clot dislocation/disruption. 
[0012] It is Well-knoWn that if a portion of the thrombus 
separates from the blood vessel Wall and is transported 
through the cardiovascular system, it can cause an embo 
lism, or blockage of a blood vessel. A thrombus in a deep 
vein in the leg can cause a pulmonary embolism. A thrombus 
in a coronary artery can cause myocardial infarction. Simi 
larly, a thrombus in a cerebral artery can cause cerebral 
infarction (i.e., ischemic stroke). As a result, devices have 
been developed Which attempt to ?lter dislodged thrombus 
or thrombotic material during therapeutic procedures such as 
the delivery of thrombolytic agents to a blood vessel to 
minimiZe the chance of a dislodged thrombus causing sig 
ni?cant damage to the patient. A typical form of these 
devices is as a ?lter “net” Which intercepts the dislodged 
thrombus or thrombotic material is disclosed in US. Pat. 
No. 6,053,932 to Daniel et al. Which discloses an emboli 
capturing system adapted to catch emboli in blood vessels. 
This patent discloses a microporous mesh formed of Woven 
or braided ?bers or Wires, or a microporous membrane, for 
capturing the dislodged emboli/thrombus. Another such 
?lter “net” is disclosed in US. Patent Application Publica 
tion No. 2003/0199819 to Beck, Which discloses a balloon 
catheter With doWnstream “safety net” that prevents any 
dislodged material from migrating through a patient’ s blood 
stream. Often, “net” type devices are used in combination 
With a catheter having a suction capability such that dis 
lodged thrombus is sucked into a lumen in the catheter With 
the mesh or net structure provided mainly for redundant 
safety purposes. Such a catheter having suction capability is 
disclosed in US. Pat. No. 6,805,692 to Muni et al. One 
knoWn catheter apparatus includes multiple infusion ports 
for delivering a thrombolytic agent to a blood vessel With 
several of the infusion ports provided Within a ?lter basket 
for delivering the thrombolytic agent in the area de?ned by 
the ?lter basket to dissolve any dislodged thrombus trapped 
in the ?lter, (See US. Pat. Nos. 6,755,813 and 6,749,619 to 
Ouriel et al.). 
[0013] Catheters are also knoWn in the medical ?eld for 
sensing and providing feedback data relating to physiologi 
cal data concerning the patient. For example, US. Pat. No. 
4,552,127 to Schilf discloses a balloon catheter With a stylet 
having a distal end coupled to an EKG electrode. The stylet 
extends through the catheter body to couple the EKG 
electrode to a proximal end of the catheter body and, thus, 
to the exterior of the patient’s body. US. Pat. No. 6,319,242 
to Patterson et al. discloses a catheter device With a prox 
imity sensor to alert the user/operator of the location of the 
distal end of the catheter and its proximity to a stent 
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implanted in a blood vessel Wall. US. Pat. No. 6,682,508 to 
Meythaler et al. discloses a central nervous system catheter 
assembly comprising multiple lumens including a drug 
delivery branch and a monitoring/ sensing branch. The moni 
toring/ sensing branch is adapted for sensing and providing 
feedback information related to intracranial pressure. US. 
Patent Application Publication No. 2004/0167385 to Rioux 
et al. discloses a catheter With a sensor adapted to measure 
one or more physiological parameters associated With the 
status of a blood vessel, including: pressure, ?oW rate, 
temperature, ?uid velocity, physical dimensions, vessel 
compliance, pH saline content, gas content, etc. 

SUMMARY OF THE INVENTION 

[0014] Based on the foregoing, it Would be desirable to 
provide improved apparatus and methods for infusing thera 
peutic agents into a body lumen, such as a blood vessel, for 
treating disorders or conditions present in the body lumen, 
such as dissolving and disrupting occlusive materials from 
the blood vessel Wall and further be able to neutraliZe the 
harmful effects of the infused agent. It Would further be 
desirable to provide apparatus and methods Which can 
enhance the delivery of thrombolytic agents to a region of a 
blood vessel Wall Where thrombus or an occlusion in the 
form of a clot is present Without inhibiting natural blood 
?oW to a signi?cant degree. 
[0015] In one form, the therapeutic agent delivery appa 
ratus is used for infusing a therapeutic agent into a body 
lumen and comprises a lumenal body de?ning at least one 
and optionally a plurality of infusion ports for infusing the 
therapeutic agent into the body lumen, and a sensing element 
distal of the at least one/plurality of infusion ports and 
adapted to sense the amount, for example concentration, of 
infused therapeutic agent or any compound derived from the 
therapeutic agent in the body lumen. 
[0016] A feedback component may be associated With the 
sensing element and adapted to provide a sensing element 
signal to a location outside of the body lumen. The feedback 
component may provide the sensing element signal to a user 
interface, for example, connected to a proximal end of the 
lumenal body. The sensing element signal may be repre 
sented to a user as an audible, visual, or tactile stimulus or 
a combination stimulus comprising one or more of the 
audible, visual, and tactile stimuli. The sensing element 
signal may be proportional to the amount, for example 
concentration, of therapeutic agent or derivative thereof 
sensed by the sensing element. 
[0017] The sensing element may be adapted to sense the 
amount, for example concentration, of therapeutic agent or 
derivative thereof by one or more of resonant mass detec 

tion, light re?ectance, and electrical conductivity changes. 
Sensing element may further be adapted to sense the 
amount, for example concentration, of therapeutic agent via 
thermal detection principles such as injecting the therapeutic 
agent at a temperature higher or loWer than human body 
temperature and measuring thermal changes in the physi 
ological ?uid in the body lumen. Ion selective electrodes 
may also be used as part of sensing element or as sensing 
element itself. The sensing element may be shaped to 
correspond to the cross-sectional shape of the body lumen, 
for example, a generally circular shape that stretches across 
or ?lls the body lumen. 
[0018] The sensing element may be formed as a ?ne Wire 
mesh, for example, and adapted to intercept at least some of 
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the therapeutic agent or derivative thereof in the body 
lumen. Additionally, the sensing element may be formed of 
electrically conductive material, for example, in the form of 
a ?ne Wire mesh. The electrically conductive material may 
change conductivity When exposed to the therapeutic agent 
or derivative thereof. 

[0019] A ?ltration element may be disposed distal of the at 
least one infusion port and proximal of the sensing element. 
Such a ?ltration element may comprise tree-like/shaped 
?ltration structures. A second, inner lumenal body may be 
coaxial With the lumenal body and comprise a portion 
proximal of the sensing element de?ning at least one distal 
infusion port for infusing the therapeutic agent, a different 
therapeutic agent, or a reaction agent adapted to react With 
the therapeutic agent into the body lumen. 
[0020] In another form, the apparatus includes a lumenal 
body de?ning at least one and optionally a plurality of 
infusion ports for infusing the therapeutic agent into the 
body lumen, and a ?ltration element distal of the infusion 
ports and adapted to deliver a reaction agent adapted to react 
With the therapeutic agent in the body lumen. 
[0021] In one embodiment, the ?ltration element may be 
coated With the reaction agent. In another embodiment, the 
?ltration element may comprise a plurality of generally 
trcc-shapcd structures Which are, for example, coated with 
the reaction agent. In a further embodiment, the ?ltration 
element may be in the form of at least one distal infusion 
port disposed distal or doWnstream of the lumenal body for 
infusing the reaction agent into the body lumen. Moreover, 
a sensing element may be provided distal or doWnstream of 
the at least one distal infusion port. 

[0022] A sensing element may be provided distal of the 
?ltration element. The sensing element is adapted to sense 
the amount, for example concentration, of infused therapeu 
tic agent or any compound derived from the therapeutic 
agent in response to the reaction agent in the body lumen. A 
feedback component may be associated With the sensing 
element. The feedback component may be adapted to pro 
vide a sensing element signal to a location outside of the 
body lumen. The feedback component may provide the 
sensing element signal to a user interface, for example, 
connected to a proximal end of the lumenal body. The 
sensing element signal may be represented to a user as an 
audible, visual, or tactile stimulus or a combination stimulus 
comprising one or more of an audible, visual, and tactile 
stimuli. The sensing element signal may be proportional to 
the amount, for example concentration, of therapeutic agent 
or derivative thereof sensed by the sensing element. 
[0023] The sensing element may be adapted to sense the 
amount, for example concentration, of therapeutic agent or 
derivative thereof by one or more of resonant mass detec 

tion, light re?ectance, and electrical conductivity changes. 
The sensing element may be shaped to correspond to the 
cross-sectional shape of the body lumen, for example, a 
generally circular shape that stretches across or ?lls the body 
lumen. 
[0024] The sensing element may be formed as a ?ne Wire 
mesh, for example, and adapted to intercept at least some of 
the therapeutic agent or derivative thereof in the body 
lumen. Additionally, the sensing element may be formed of 
electrically conductive material, for example, in the form of 
a ?ne Wire mesh. The electrically conductive material may 
change conductivity When exposed to the therapeutic agent 
or derivative thereof. 
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[0025] A further aspect relates to a sensing element for use 
With a lumenal body used to deliver a therapeutic agent to a 
body lumen. The sensing element generally comprises an 
electrically conductive body structure adapted to change 
conductivity When exposed to the therapeutic agent or any 
compound derived from the therapeutic agent. The body of 
the sensing element may be in the form of an electrically 
conductive ?ne Wire mesh. The body of the sensing element 
may also be shaped to correspond to the cross-sectional 
shape of the body lumen, for example, a generally circular 
shape that stretches across or ?lls the body lumen. The 
sensing element may comprise a feedback component 
adapted to provide a sensing element signal to a location 
outside of the body lumen. The sensing element may option 
ally include a user interface coupled to the feedback com 
ponent for receiving the sensing element signal. Such a user 
interface may be adapted to represent the sensing element 
signal to a user as an audible, visual, or tactile stimulus or 
a combination stimulus comprising one or more of the 

audible, visual, and tactile stimuli. The sensing element 
signal may be proportional to the amount, for example 
concentration, of therapeutic agent or derivative thereof 
sensed by the sensing element. The sensing element may be 
adapted to sense a combination of a therapeutic agent and a 
reaction agent adapted to react With the therapeutic agent 
[0026] Another aspect relates to a ?ltration element for use 
With a lumenal body used to deliver a therapeutic agent to a 
body lumen. The ?ltration element may comprise a plurality 
of structures coated With a reaction agent adapted to react 
With the therapeutic agent. Such ?ltration structures may be 
coated structures that are generally tree-shaped in con?gu 
ration. 
[0027] A method of infusing a therapeutic agent into a 
body lumen using the therapeutic agent delivery apparatus is 
also an concept described herein. In one embodiment, the 
method comprises inserting a lumenal body into the body 
lumen, the lumenal body de?ning at least one infusion port 
for infusing the therapeutic agent into the body lumen; 
infusing the therapeutic agent into the body lumen; and 
sensing the amount, for example concentration, of infused 
therapeutic agent or any compound derived from the thera 
peutic agent in the body lumen With a sensing element 
disposed distal of the at least one infusion port. 

[0028] The method may comprise providing a sensing 
element signal to a location outside the body lumen With a 
feedback component associated With the sensing element. 
Such a sensing element signal may be provided to a user 
interface, for example, connected to a proximal end of the 
lumenal body. The sensing element signal may be repre 
sented to a user as an audible, visual, or tactile stimulus or 
a combination stimulus comprising one or more of the 

audible, visual, and tactile stimuli. The sensing element 
signal may be proportional to the amount, for example 
concentration, of therapeutic agent or derivative thereof 
sensed by the sensing element. In one form, the sensing 
element is adapted to sense the amount, for example con 
centration, of therapeutic agent or derivative thereof by one 
or more of resonant mass detection, light detection, and 
electrical conductivity changes. 
[0029] An aspect of the method may comprise intercepting 
at least some of the therapeutic agent or derivative thereof in 
the body lumen With the sensing element. Another aspect of 
the method may comprise infusing additional therapeutic 
agent, a different therapeutic agent, or a reaction agent 
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adapted to react With the therapeutic agents into the body 
lumen through at least one distal infusion port proximal of 
the sensing element. A further aspect may comprise ?ltering 
the therapeutic agent or derivative thereof in the body lumen 
With a ?ltration element disposed distal of the infusion ports 
and proximal of the sensing element. 
[0030] Another embodiment of the method of infusing a 
therapeutic agent into a body lumen generally comprises 
inserting a lumenal body into the body lumen, the lumenal 
body de?ning at least one infusion port for infusing the 
therapeutic agent into the body lumen; infusing the thera 
peutic agent into the body lumen; and delivering a reaction 
agent adapted to react With the therapeutic agent in the body 
lumen With a ?ltration element disposed distal of the at least 
one infusion port. The reaction agent may be coated on the 
?ltration element and ?ltering of the therapeutic agent 
occurs by contact betWeen the coated ?ltration element and 
the therapeutic agent. 
[0031] The reaction agent may be delivered by infusing 
the reaction agent through at least one distal infusion port 
forming the ?ltration element. The method may comprise 
sensing the amount, for example concentration, of infused 
therapeutic agent or any compound derived from the thera 
peutic agent in response to the reaction agent in the body 
lumen With a sensing element disposed distal of the at least 
on distal infusion port. 

[0032] Additionally, the method may comprise sensing the 
amount, for example concentration, of infused therapeutic 
agent or any compound derived from the therapeutic agent 
in response to the reaction agent in the body lumen With a 
sensing element disposed distal of the ?ltration element. A 
sensing element signal may be provided to a location outside 
the body lumen With a feedback component associated With 
the sensing element. As an example, the sensing element 
signal may be provided to a user interface, for example, 
connected to a proximal end of the lumenal body. The 
sensing element signal may be represented to a user as an 
audible, visual, or tactile stimulus or a combination stimulus 
comprising one or more of the audible, visual, and tactile 
stimuli. The sensing element signal may be proportional to 
the amount, for example concentration, of therapeutic agent 
or derivative thereof sensed by the sensing element. The 
sensing element may sense the amount, for example con 
centration, of therapeutic agent or derivative thereof by one 
or more of resonant mass detection, light re?ectance, and 
electrical conductivity changes. An aspect of the method 
may comprise intercepting at least some of the therapeutic 
agent or derivative thereof in the body lumen With the 
sensing element. 
[0033] Further details and advantages Will become clear 
upon reading the folloWing detailed description in conjunc 
tion With the accompanying draWing ?gures, Wherein like 
parts are identi?ed With like reference numerals throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a perspective vieW of an embodiment of 
an intralumenal catheter system including a control device 
and an optional auxiliary display device. 
[0035] FIG. 2 is a longitudinal cross-sectional vieW of a 
distal end portion of the catheter of FIG. 1 shoWn indWelling 
in a blood vessel requiring treatment. 

[0036] FIG. 3 is a longitudinal cross-sectional vieW of the 
distal end portion of the catheter of FIG. 2 and shoWing a 
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?ltration element in a partially deployed state and a sensing 
element in a fully deployed state. 
[0037] FIG. 4 is a longitudinal cross-sectional vieW of the 
of the distal end portion of the catheter of FIG. 2 shoWing 
the ?ltration element and sensing element each in a fully 
deployed state. 
[0038] FIG. 5 is a perspective vieW of the distal end 
portion of the catheter of FIG. 1 shoWing the ?ltration 
element and sensing element each in a fully deployed state. 
[0039] FIG. 6 is a perspective vieW of a portion of the 
distal end portion of the catheter of FIG. 5 shoWing opera 
tional aspects of the sensing element. 
[0040] FIG. 7 is a longitudinal cross-sectional vieW of a 
proximal end portion of the catheter of FIG. 1. 
[0041] FIG. 8 is a longitudinal cross-sectional vieW of the 
distal end portion of the catheter of FIG. 2 shoWing the 
delivery of a therapeutic agent Within the con?nes of the 
blood vessel to treat a thrombus in the blood vessel. 
[0042] FIG. 9A is a longitudinal cross-sectional vieW of 
the distal end portion of the catheter of FIG. 2 shoWing 
operation of the catheter in one mode and the results of the 
delivered therapeutic agent on the thrombus. 
[0043] FIG. 9B is schematic vieW of the operation of the 
catheter in the mode depicted in FIG. 9A. 
[0044] FIG. 10A is a longitudinal cross-sectional vieW of 
the distal end portion of the catheter of FIG. 2 shoWing 
operation of the catheter in another mode and the results of 
the delivered therapeutic agent on the thrombus. 
[0045] FIG. 10B is schematic vieW of the operation of the 
catheter in the mode depicted in FIG. 10A. 
[0046] FIG. 11A is a longitudinal cross-sectional vieW of 
the distal end portion of the catheter of FIG. 2 shoWing 
operation of the catheter in a third mode and the results of 
the delivered therapeutic agent on the thrombus. 
[0047] FIG. 11B is schematic vieW of the operation of the 
catheter in the mode depicted in FIG. 11A. 
[0048] FIG. 12 is a longitudinal cross-sectional vieW of 
the catheter of FIG. 1 according to another embodiment. 
[0049] FIG. 13 is a longitudinal cross-sectional vieW of 
the alternative catheter embodiment of FIG. 12 shoWing 
operation of the catheter and the results of the delivered 
therapeutic agent on the thrombus. 
[0050] FIG. 14 is a longitudinal cross-sectional vieW of 
the catheter of FIG. 1 according to a third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0051] For purposes of the description hereinafter, spatial 
orientation terms, if used, shall relate to the referenced 
embodiment as it is oriented in the accompanying draWing 
?gures or otherWise described in the folloWing detailed 
description. HoWever, it is to be understood that the embodi 
ments described hereinafter may assume many alternative 
variations and con?gurations. It is also to be understood that 
the speci?c devices illustrated in the accompanying draWing 
?gures and described herein are simply exemplary and 
should not be considered as limiting. 
[0052] A general aspect described herein relates to an 
apparatus and method for providing a therapeutic substance 
such as a therapeutic agent or drug or, typically in liquid 
form, to a body lumen for treating a disorder or condition 
present in the body lumen and thereafter removing or 
intercepting the substance and/or neutraliZing or rendering 
inert any harmful aspects of the therapeutic substance to 
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prevent damage to healthy tissue in the body lumen and/or 
limit or eliminate or minimiZe any possible harmful effects 
to downstream tissues and organs. The body lumen may be 
a blood vessel such as an artery in Which atherosclerosis is 
present, Which is the result of the deposition of occluding 
deposits Within the lumen of the blood vessel. When hard 
ened, such deposits or “thrombus” are commonly referred to 
as plaque, clots, or occlusions. Other lumens or cavities or 
body regions Which may be treated by the apparatus and 
method described herein include the urethra, bladder, pros 
tate, rectum, bile duct, pancreatic duct and central nervous 
system, such as along the spinal column, as examples. Drugs 
or other therapeutic agents may be provided conceivably to 
any body lumen or cavity to treat a variety of disorders or 
conditions in the body lumen using the physical structures 
and methods described herein. Accordingly, the foregoing 
listing of lumens/cavities is not intended to be exhaustive. 
Hereinafter, “therapeutic agent” is intended to be a term 
encompassing any substance intended to treat a disorder or 
condition present in a body lumen or cavity. TWo speci?c 
therapeutic agents, thrombolytic agent for treating thrombus 
present in a blood vessel and doxorubicin for treating 
cancerous tumors, Will be discussed in this disclosure as a 
vehicle to describe structural and operational aspects of the 
apparatus and methods. HoWever, these tWo speci?c thera 
peutic agents are not intended to be limiting and are cited for 
exemplary purposes only. 
[0053] In one embodiment, the apparatus is an intralume 
nal catheter adapted to provide a therapeutic agent to a body 
lumen such as a blood vessel to treat a disorder or condition 
present in the body lumen such as a thrombus Which causes 
atherosclerosis in the blood vessel. As an example, the 
catheter provides the therapeutic agent to treat the thrombus 
at or near the location of the thrombus in the blood vessel. 
A feature of the catheter relates to using the natural ?oW of 
physiological ?uid in the body lumen, in the present case 
blood ?oWing in a blood vessel, so that the therapeutic agent 
is transported by action of the natural ?oW of ?uid. Accord 
ingly, the therapeutic agent may be carried by the natural 
?oW of ?uid from the catheter to the treatment site and 
possibly beyond the treatment site. The carrying of thera 
peutic agent by a naturally occurring physiological ?uid 
stream may be termed natural or passive ?uid transport. 

[0054] Another feature of the catheter relates to a ?ltration 
apparatus or element being located at a distal or doWnstream 
location from the location of therapeutic agent infusion 
Which is used to intercept and inhibit the harmful effects of 
the therapeutic agent With mechanical and/or chemical ?l 
tration features or elements. For example, it is knoWn that 
some therapeutic agents, such as tissue plasminogen activa 
tor (tPA) used as a thrombolytic agent and doxorubicin for 
treating cancerous tumors, can have adverse effects on 
healthy body tissue and/or generally cause negative doWn 
stream e?‘ects. Accordingly, it is desirable to localiZe the 
application of such therapeutic agents to the affected area 
Within the body lumen. The distal ?ltration element may use 
a combination of mechanical ?ltration structure(s) and 
chemical ?ltration to ?lter and/or render inert or harmless 
via chemical reaction the infused therapeutic agent to sub 
stantially “remove” the infused agent or in effect substan 
tially remove the harmful consequences of the therapeutic 
agent on the body lumen. As indicated previously, the 
natural ?oW of physiological ?uid in the body lumen may be 
used to passively transport the therapeutic agent to the 
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?ltration element Where the therapeutic agent naturally 
“Washes” over the ?ltration element Which mechanically 
and/or chemically substantially removes or renders substan 
tially harmless or inert the deleterious effects of the thera 
peutic agent. Typically, such passive chemical ?ltration 
occurs by a chemical reaction betWeen the therapeutic agent 
and another substance adapted to react With the therapeutic 
agent (i.e., a reaction agent) to render substantially harmless 
the deleterious effects of the therapeutic agent. Such a 
substance may be referred to as a “neutralizing” or “inhib 
iting” or “reaction” agent and these terms may be used 
interchangeably herein. HoWever, “reaction agent” is gen 
erally used herein as a term used to described any substance 
Which reacts With the therapeutic agent in manner that 
renders the therapeutic agent harmless or transformed for 
other purposes, such as to facilitate sensing of chemical 
compounds in the body lumen. Moreover, the neutraliZing or 
inhibiting or reaction agent may be adapted to bind to the 
therapeutic agent thereby trapping the therapeutic agent in 
the mechanical ?ltration structures. It Will be appreciated 
that the neutraliZing or inhibiting or reaction agent may be 
delivered in liquid form to chemically react With the thera 
peutic agent but could also be part of the mechanical 
?ltration structures such a solid or liquid coating on the 
structure or structures. The mechanical ?ltration structures 
may further be a biomaterial With an interfacial layer or 
portion adapted to chemically react With the therapeutic 
agent, for example, to cause the therapeutic agent to bind to 
the mechanical ?ltration structures. In such a situation, 
mechanical and chemical ?ltration may be accomplished by 
the same structure or structures. 

[0055] Another feature of the catheter relates to a sensing 
apparatus or element being located distal or doWnstream of 
the ?ltration element Which is used to sense the amount, 
typically concentration, of therapeutic agent remaining in 
the body lumen and/or a compound derived from the chemi 
cal reaction betWeen the therapeutic agent and the neutral 
iZing or inhibiting agent or reaction agent discussed previ 
ously. The sensing element senses the therapeutic agent 
and/or derived compound and provides a signal indicative of 
the amount of therapeutic agent remaining or neutraliZed in 
the body lumen doWnstream of the ?ltration element. This 
signal may then be used to quantify the amount of thera 
peutic agent remaining in the body lumen such as a blood 
vessel and, further, be displayed to the operator of the 
catheter. The signal may be displayed or communicated to 
the catheter operator to provide real-time or near real-time 
quantitative information regarding the amount of therapeutic 
agent injected, remaining in the body lumen, and/or neu 
traliZed. If desired, a speci?c agent or substance may be 
provided as part of the chemical ?ltration feature of the 
?ltration element to chemically react With the therapeutic 
agent and, for example, bind With the therapeutic agent. This 
combined or derived chemical substance may be adapted to 
interact With the sensing element to cause a speci?c 
response, for example a signal, to be communicated by the 
sensing element to the operator. As an example, the derived 
or combined substance may have a component that is 
speci?cally adapted to interact With the sensing element to 
elicit a signal from the sensing element Which represents the 
amount of therapeutic agent injected, remaining in the body 
lumen, and/or neutraliZed. Communication to the operator 
may be by visual, audible, tactile, or a combination of visual, 
audible, and tactile conveyances. For example, the sensing 
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element signal may be communicated via Wires or Wirelessly 
to a control device or a display device or other user interface 

Which visually alerts or displays information regarding the 
amount of therapeutic agent injected, remaining in the body 
lumen, and/or neutraliZed. The display may, for example, be 
part of a computer or other control device. Such a device 
may include a mechanism to audibly convey the information 
to the operator and/or a tactile device, such as a hand-held 
device, to convey the information to the operator tactilely. 
Speci?c examples of conveyances for providing feedback to 
the catheter operator are detailed herein. Moreover, the 
signal may also be used as a basis or input to the control 
device Which can Warn of an unsafe condition like an 
excessive amount of therapeutic agent concentration in the 
body lumen, and the control device may use this information 
to control, for example reduce the amount of therapeutic 
agent delivered, or cease delivery altogether of the thera 
peutic agent. 
[0056] With the foregoing introduction in mind, one 
embodiment is an apparatus and method for performing 
thrombolysis in a body lumen and, more particularly, as an 
apparatus and method for delivering an infusate in the form 
of a thrombolytic agent into a blood vessel to dissolve 
thrombus causing atherosclerosis in the blood vessel. Refer 
ring initially to FIGS. 1-6, such as an infusate-delivering 
device is an intralumenal catheter apparatus 10 for deliver 
ing an infusate, thrombolytic agent in this example, into a 
blood vessel 12 to dissolve thrombus 14 present in the blood 
vessel 12. As an example, thrombus 14 may be present in a 
cerebral blood vessel 12 and such a thrombus 14 has the 
potential of causing an ischemic stroke. Typically, ischemic 
strokes occur in the middle cerebral artery and, in the present 
embodiment, catheter 10 is siZed to pass into the middle 
cerebral artery to deliver a therapeutic agent for dissolving 
thrombus 14. Accordingly, catheter 10 is a 3 or 4 French (Fr) 
catheter When used for this speci?c application. HoWever, 
catheter 10 may be of a larger siZe to ?t into larger blood 
vessels such as a 5 Fr catheter and larger. 

[0057] As indicated previously, the exemplary structure 
and operation of catheter 10 Will be described With catheter 
10 delivering a thrombolytic agent “A”, such as plasmin, 
tissue plasminogen activator (tPA), streptokinase, urokinase, 
and the like to blood vessel 12 to treat thrombus 14. Other 
knoWn thrombolytic agents A include alteplase, reteplase, 
tenecteplase, staphylokinase, and desmoteplase. HoWever, 
these speci?c thrombolytic agents should not be considered 
as an exhaustive listing, and catheter 10 is suited to deliv 
ering a number of therapeutic agents to blood vessel 12 to 
treat thrombus 14 or for treating other abnormalities and 
conditions in blood vessel 12 or for other purposes. It is 
generally knoWn that thrombolytic agents such as plasmin, 
tPA, and the like can damage healthy arterial tissue, doWn 
stream organs and tissue, and, in the present circumstance, 
an oversupplying of thrombolytic agent A in cerebral blood 
vessel 12 may act upon “downstream” thrombus (not 
shoWn) resulting in dislodging of the thrombus or pieces 
thereof Which could be responsible for inducing ischemic 
strokes. A feature of the catheter 10 relates to a ?ltration 
apparatus or element being located at a distal or doWnstream 
location from Where the thrombolytic agent A is delivered to 
blood vessel 12. This ?ltration element as described herein 
is used to intercept the thrombolytic agent A With mechani 
cal and/or chemical ?ltration and neutraliZe or inhibit the 
harmful effects of the thrombolytic agent A. This ?ltration 
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element or structure, described in detail herein, is provided 
as part of catheter 10 and is used to mechanically ?lter 
and/or chemically neutraliZe or render inert injected or 
infused thrombolytic agent A to prevent damage to the 
non-thromboliZed portion of blood vessel 12, doWnstream 
tissue and organs, and prevent the dissolution and dislodge 
ment of doWnstream thrombus Which could cause ischemic 

stroke (in the present circumstance), pulmonary embolism, 
or coronary embolism. 

[0058] Thrombus 14 is adhered to an inner surface 16 of 
blood vessel 12 and undesirably restricts blood ?oW through 
the blood vessel 12, also knoWn as arteriolosclerosis. Addi 
tionally, thrombus 14 or portions thereof place the patient at 
risk of ischemic stroke if the thrombus 14 or portions thereof 
break-off from inner surface 16 and travel through and 
become lodged in doWnstream cerebral blood vessels. 
Thrombus 14 extends along the inner surface 16 of the blood 
vessel 12 over an axial length L. Catheter 10 is generally 
adapted to treat thrombus 14 by injecting thrombolytic agent 
A in the axial region or area de?ned by length L to dissolve 
the thrombus 14. The direction of natural blood ?oW in 
blood vessel is designated by arroW 18 in the various 
draWing ?gures. 
[0059] Catheter 10 comprises multiple coaxial catheter 
assemblies or devices generally divisible into ?rst and 
second (i.e., outer and inner) catheters assemblies 20 and 70 
that extend coaxially along a central longitudinal axis CL of 
catheter 10. First or outer catheter 20 forms the outer 
catheter portion of catheter 10 and is disposed about second 
or inner catheter 70. First catheter 20 comprises an inner 
?uid delivery catheter 22 surrounded by an outer sheath or 
?rst sheath catheter 50. Fluid delivery catheter 22 is a 
tubular member formed by a lumenal body 24 having inner 
and outer surfaces 26 and 28. Inner surface 26 de?nes a ?rst 
lumen 30 that extends through lumenal body 24 of ?uid 
delivery catheter 22. An end Wall 32 is provided at a distal 
end 34 of lumenal body 24 of ?uid delivery catheter 22 and 
extends betWeen inner and outer surfaces 26 and 28. A 
proximal end 36 of lumenal body 24 of ?uid delivery 
catheter 22 is shoWn in FIG. 7 discussed herein. End Wall 32 
de?nes a distal opening 38 through Which second catheter 70 
projects or extends. End Wall 32 seals around second cath 
eter 70 to prevent or minimiZe ?uid leakage through distal 
opening 38. 
[0060] Fluid delivery catheter 22 has an infusion section 
40 that includes a plurality of infusion ports 42 de?ned in 
lumenal body 24 for delivering thrombolytic agent A to the 
vicinity of thrombus 14. Infusion section 40 may have any 
suitable length as measured from distal end 34 of lumenal 
body 24 of ?uid delivery catheter 22 to treat thrombus 14. 
Infusion ports 42 extend through ?rst lumen 30 from inner 
surface 26 to outer surface 28 of lumenal body 24 and are 
spaced axially apart. In the illustrated embodiment, infusion 
ports 42 extend axially along infusion section 40 in a helical 
pattern but could alternatively extend in another suitable 
pattern. Another suitable distribution pattern for infusion 
ports 42 in infusion section 40 is disclosed in Us. Provi 
sional Patent Application No. 60/520,071, ?led Nov. 15, 
2003, and PCT Patent Application No. PCT/US2004/ 
038093 (WO 2005/049110) each entitled “Catheter for 
Diagnostic Imaging and Therapeutic Purposes” and 
assigned to the same assignee as the present application and 
are incorporated herein by reference in their entirety. These 
Applications further disclose suitable siZe and infusion port 
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“density” distribution information for infusion ports 42. If 
desired, infusion ports 42 may vary in siZe, for example, 
increase in diameter toWard distal end 34 of lumenal body 24 
of ?uid delivery catheter 22. Having infusion ports 42 
increase in siZe from proximal end 36 (FIG. 7) toWard distal 
end 34 may provide a more evenly distributed ?oW pattern 
throughout infusion section 40 because the ?uid pressure 
inside ?rst lumen 30 drops both from frictional losses and 
from the thrombolytic agent A escaping through the more 
proximally-located infusion ports 42 along the axial length 
of lumenal body 24 of ?uid delivery catheter 22. As an 
example, infusion ports 42 may be adapted to deliver 
infusate, in this case thrombolytic agent A, at a ?oW rate of 
up to 200 cc/hr. HoWever, in the case of tPA as the throm 
bolytic agent A, delivery rates and treatment amounts are 
governed by Food and Drug Administration (FDA) regula 
tions. 

[0061] A ?rst annular space 46 is de?ned betWeen the 
inner diameter of lumenal body 24 of ?uid delivery catheter 
22 and the outer diameter of second catheter 70 described 
herein. Annular space 46 permits the ?oW of thrombolytic 
agent A through ?rst lumen 30 de?ned by lumenal body 24 
of ?uid delivery catheter 22 to reach infusion section 40 and 
infusion ports 42 in particular, and subsequent injection or 
delivery of the thrombolytic agentA into blood vessel 12 and 
the region of blood vessel 12 in Which thrombus 14 is 
present. As described further herein in connection With FIG. 
7, the thrombolytic agent A is introduced into ?rst lumen 30 
at proximal end 36 of lumenal body 24 of ?uid delivery 
catheter 22 and ?oWs through annular space 46 de?ned in 
the ?rst lumen 30 under pressure until reaching infusion 
section 40 and infusion ports 42. 

[0062] Outer sheath 50 coaxially surrounds ?uid delivery 
catheter 22. Fluid delivery catheter 22 and outer sheath 50 
are axially movable relative to one another. Fluid delivery 
catheter 22 is axially movable relative to outer sheath 50 so 
that distal end 34 and ?uid infusion section 40 of lumenal 
body 24 of the ?uid delivery catheter 22 are projectable or 
extendable outWard from outer sheath 50. HoWever, outer 
sheath 50 may be retractable relative to ?uid delivery 
catheter 22 to achieve the same exposed con?guration of 
?uid infusion section 40 of lumenal body 24 of ?uid delivery 
catheter 22. Outer sheath 50 is also a tubular member 
comprising a lumenal body 52 having inner and outer 
surfaces 54 and 56. An end Wall 58 is provided at a distal end 
60 of lumenal body 52 of outer sheath 50 and extends 
betWeen inner and outer surfaces 54 and 56. A proximal end 
62 of lumenal body of outer sheath 50 is shoWn in FIG. 7 
discussed herein. End Wall 58 de?nes a distal opening 64 
through Which ?uid delivery catheter 22 and second catheter 
assembly 70 project or extend. End Wall 58 seals around 
lumenal body 24 of ?uid delivery catheter 22 to prevent or 
minimize ?uid leakage through distal opening 64. Inner 
surface 54 de?nes an inner diameter for lumenal body 52 of 
outer sheath 50 that is approximately equal to the outer 
diameter of lumenal body 24 of ?uid delivery catheter 22. 
The close ?t betWeen outer sheath 50 and ?uid delivery 
catheter 22 permits relative movement but substantially 
prevents ?uid from exiting through any of the plurality of 
infusion ports 42 that are covered over by outer sheath 50. 
As described further herein, axial distal movement of ?uid 
delivery catheter 22 relative to outer sheath 50, or optionally 
axial proximal movement of the outer sheath 50 relative to 
the ?uid delivery catheter 22, enables the operator of cath 
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eter 10 to selectively uncover (or cover) a portion of the 
plurality of infusion ports 42 in lumenal body 24 in order to 
control the amount and distribution of thrombolytic agent A 
delivered by infusion section 40 of lumenal body 24 of ?uid 
delivery catheter 22. Such axial movement of ?uid delivery 
catheter 22 or outer sheath 50 varies the axial length of 
infusion section 40 exposed for the delivery of thrombolytic 
agentA. As may be seen by comparing FIGS. 2-4 With FIGS. 
8-11, the exposed axial length of infusion section 40 may be 
varied to generally match the axial length L of thrombus 14. 

[0063] Second catheter 70 is coaxially disposed Within 
?rst catheter 20 and comprises a ?ltering and sensing 
catheter 72 surrounded by an inner sheath or second sheath 
catheter 100. Filtering and sensing catheter 72 comprises a 
?ltration element or device 74 and a distally located sensing 
element or device 76. Filtration element 74 is generally 
adapted to expand radially outWard upon deployment from 
inner sheath 100 and is further generally adapted to ?lter and 
trap dislodged thrombolytic material 78 Which results When 
thrombolytic agent A is introduced into blood vessel 12 via 
?uid delivery catheter 22. Additionally, ?ltration element 74 
is adapted to mechanically and/or chemically “?lter” the 
thrombolytic agent A as described in further detail herein. 
Filtering and sensing catheter 72 is likeWise a tubular 
member formed by a lumenal body 80 having inner and 
outer surfaces 82, 84. Inner surface 82 de?nes a second 
lumen 86 that extends through lumenal body 80 of ?ltering 
and sensing catheter 72. Lumenal body 80 has a distal end 
88 and a proximal end 90 shoWn in FIG. 7 discussed herein. 
Lumenal body 80 terminates at distal end 88 With a ?exible 
tip 92 Which aids in guiding ?ltering and sensing catheter 72 
Within blood vessel 12 upon deployment from inner sheath 
100 and ?rst or outer catheter 20. Flexible tip 92 also 
encloses second lumen 86 at distal end 88 of lumenal body 
80 of ?ltering and sensing catheter 72 to form an enclosed 
cavity Within the lumenal body 80. 
[0064] Inner sheath 100 coaxially surrounds ?ltering and 
sensing catheter 72. Filtering and sensing catheter 72 and 
inner sheath 100 are axially movable relative to one another. 
Filtering and sensing catheter 72 is axially movable relative 
to inner sheath 100 so that at least the portion of lumenal 
body 80 of the ?ltering and sensing catheter 72 supporting 
?ltration element 74 and sensing element 76 may be 
extended distally from inner sheath 100 for deployment in 
blood vessel 12. Alternatively, inner sheath 100 may be 
con?gured to be retractable axially relative to ?ltering and 
sensing catheter 72 to achieve the same deployment arrange 
ment for ?ltration element 74 and sensing element 76. Inner 
sheath 100 is also a tubular member comprising a lumenal 
body 102 having inner and outer surfaces 104 and 106. An 
end Wall 108 is provided at a distal end 110 of lumenal body 
102 of outer sheath 100 and extends betWeen inner and outer 
surfaces 104 and 106. A proximal end 112 of inner sheath 
100 is shoWn in FIG. 7 discussed herein. End Wall 108 
de?nes a distal opening 114 through Which ?ltering and 
sensing catheter 72 projects or extends. End Wall 108 seals 
around lumenal body 80 of ?ltering and sensing catheter 72 
to prevent or minimize ?uid entry into inner sheath 100 
through distal opening 114. Inner surface 104 de?nes an 
inner diameter for lumenal body 102 of inner sheath 100 
Which permits passage of the ?ltering and sensing catheter 
72 and de?nes a second annular space 116 betWeen the inner 
diameter of the lumenal body 102 of the inner sheath 100 
and the outer diameter of lumenal body 80 of the ?ltering 



US 2008/0058758 A1 

and sensing catheter 72. As an alternative, the cooperative 
engagement betWeen inner sheath 100 and ?ltering and 
sensing catheter 72 may be similar to the cooperative 
engagement betWeen the outer sheath 50 and ?uid delivery 
catheter 22. In this alternative con?guration, the inner diam 
eter of lumenal body 102 of inner sheath 100 may be 
approximately equal to the outer diameter of lumenal body 
80 of ?ltering and sensing catheter 72. Such a close ?t 
betWeen inner sheath 100 and ?ltering and sensing catheter 
72 is intended to still permit free relative movement betWeen 
the inner sheath 100 and ?ltering and sensing catheter 72. 
End Wall 108 seals around lumenal body 80 of ?ltering and 
sensing catheter 72 to prevent or minimiZe ?uid entry 
through distal opening 114 into annular space 116 de?ned 
betWeen inner sheath 100 and ?ltering and sensing catheter 
72. 

[0065] As described previously, second catheter 70 
projects or extends through distal opening 36 in end Wall 32 
lumenal body 24 of ?uid delivery catheter 22. In particular, 
end Wall 32 seals around lumenal body 102 of inner sheath 
100 to prevent or minimiZe ?uid leakage through distal 
opening 36. Nonetheless, relative axial movement is per 
mitted by the cooperative engagement of lumenal body 102 
in distal opening 36. As shoWn in FIGS. 2-4 and 7, ?rst 
annular space 46, as described previously, permits the ?oW 
of thrombolytic agent A through lumen 30 de?ned by 
lumenal body 24 of ?uid delivery catheter 22. This ?oW 
passes through annular space 46 to reach infusion section 40 
and infusion ports 42 in particular and is subsequently 
injected or delivered to blood vessel 12 and the region of 
blood vessel 12 in Which the thrombus 14 is present. Second 
annular space 116 is optionally de?ned betWeen the inner 
diameter of lumenal body 102 of inner sheath 100 and the 
outer diameter of lumenal body 80 of the ?ltering and 
sensing catheter 72. 
[0066] Filtration element 74 is a radially expandable struc 
ture that is disposed about lumenal body 80 of ?ltering and 
sensing catheter 72. In one embodiment, ?ltration element 
74 is comprised of a plurality of tree-like ?ltration structures 
120 (hereinafter ?ltration structures 120) or a similar struc 
ture or structures that provide for mechanical ?ltration of 
?uid ?oW 18 in blood vessel 12 and copious surface area for 
a chemical coating, solid or liquid, With a chemical adapted 
to react With the thrombolytic agent A. In one instance, the 
chemical coating may be adapted to neutraliZe, inhibit, or 
render harmless the thrombolytic agent A, termed herein a 
“reaction agent”, and bind the thrombolytic agent A to 
?ltration structures 120, as schematically shoWn in FIG. 9B 
discussed herein. In another instance, the chemical coating 
may be adapted to neutraliZe, inhibit, or render harmless the 
thrombolytic agent A and bind the thrombolytic agent A to 
?ltration structures 120 but also include another agent Which 
combines With the thrombolytic agent A and Which results in 
a combined or derived “D” compound that is speci?cally 
designed or adapted to be sensed by doWnstream sensing 
element 76, as shoWn schematically in FIG. 10B discussed 
herein. In a further instance, the chemical coating may 
possibly be adapted to convert the thrombolytic agent A to 
a non-harmful state or form and alloW this converted or 
derived compound D to ?oW passively doWnstream or distal 
from ?ltration element 74 Without binding to ?ltration 
structures 120, as shoWn schematically in FIG. 11B dis 
cussed herein. Each of the foregoing alternatives may be 
described or identi?ed as “passive” chemical ?ltration dis 
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cussed previously. Additionally, in each case the natural ?oW 
of physiological ?uid, in this case blood ?oW, carries the 
thrombolytic agent A to ?ltration element 74 Where 
mechanical and chemical ?ltration occurs. Mechanical ?l 
tration is primarily designed for the dissolved or dislodged 
thrombotic material 78 While passive chemical ?ltration is 
primarily designed for the neutralization or inhibiting of 
thrombolytic agent A. As an alternative to tree-like mechani 
cal structures, ?ltration structures 120 could be an open-cell 
layer or structure, such as a sponge-like structure, that 
maximiZes potential surface area for coating and ?ltration. 
The tree-shaped orientation or con?guration of ?ltration 
structures 120 is intended to also represent such an open-cell 
layer or sponge-like structure in the Figures. 
[0067] Filtration structures 120 each comprise a stem 
portion 122 and a plurality of branch members 124 Which 
together de?ne the tree-like appearance of ?ltration struc 
tures 120 Which is suitable for mechanical ?ltering of 
dissolved thrombotic material 78. Stem portions 122 may be 
secured to the outer surface 84 of lumenal body 80 of 
?ltering and sensing catheter 72 or be formed as part of the 
lumenal body 80. Filtration structures 120 are desirably 
made of a ?exible solid elastic or superelastic material. One 
such material that is suitable for ?ltration structures 120 is 
Nitinol Wire, or another memory metal material Which can 
be preformed into a memoriZed shape and subsequently 
deformed into another shape. In the present embodiment, the 
outWard or radially-extended con?guration of ?ltration 
structures 120 is the memorized shape for ?ltration struc 
tures 120. The superelastic properties of the material of 
?ltration structures 120 permit the ?ltration structures 120 to 
be de?ected to a collapsed condition extending generally 
parallel to the central longitudinal axis CL of catheter 10 
When it is desired to retract ?ltering and sensing catheter 72 
into inner sheath 100 (or axially extend inner sheath 100 
over ?ltering and sensing catheter 72) With minimal force 
and Without damage to the ?ltration structures 120. It should 
be noted that ?ltration structures 120 could also be made 
from a shape memory material Which can resume a memo 

riZed shape upon heating of the material. The heating of such 
a shape memory material may be done using electric current 
or other means applied to lumenal body 80 of ?ltering and 
sensing catheter 72, or through normal body heat. 
[0068] As Will be clear from vieWing FIGS. 2-4, as 
?ltering and sensing catheter 72 is deployed distally from 
inner sheath 100 or, alternatively, inner sheath 100 is 
retracted proximally relative to ?ltering and sensing catheter 
72, ?ltration element 74 is exposed from or projects outWard 
from distal opening 114 in end Wall 108 of lumenal body 102 
of inner sheath 100. As ?ltration element 74 is exposed, 
?ltration structures 120 begin to deploy as shoWn in FIG. 3. 
Filtration structures 120 expand radially outWard to their 
memoriZed shape With stem portions 122 de?ning an acute 
angle With central longitudinal axis CL of catheter 10. 
HoWever, ?ltration structures 120 may form any desirable 
angle With the central longitudinal axis CL of catheter 10 
and are not limited to an acute angle, although this provides 
for easy expression of ?ltration element 74 from inner 
sheath 100 and subsequent ingress into inner sheath 100 to 
enable easy removal of second catheter 70 and/ or catheter 10 
from blood vessel 12. Filtration element 74 has a fully 
expanded condition shoWn in FIG. 4 in Which the ?ltration 
structures 120 stretch radially across blood vessel 12 to ?lter 
?uid ?oW 18 in blood vessel 12. In the expanded condition, 
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?ltration element 74 has an inlet or upstream side 126 and 
an outlet or downstream side 128. It Will be clear that 
?ltration structures 120 are disposed around the circumfer 
ence of lumenal body 80 of ?ltering and sensing catheter 72 
and, thus, fully encompass 360° of the cross-sectional area 
of blood vessel 12 to ensure that there is full coverage for 
thrombotic material 78 dissolved and dislodged from the 
inner surface 16 of blood vessel 12. 

[0069] As described previously, sensing element 76 is 
disposed distal or doWnstream of ?ltration element 74. 
Accordingly, sensing element 76 is in serial relationship and 
distal to both infusion ports 42 in infusion section 40 of 
lumenal body 24 of ?uid delivery catheter 22 and ?ltration 
element 74. Sensing element 76 in one form, as illustrated, 
is a ?ne Wire mesh 130 formed into the shape of a circle, 
oval, or other such shape that, When deployed, is positioned 
across blood vessel 12 and generally matches the cross 
sectional shape of blood vessel 12. Sensing element 76 may 
likeWise be made of a ?exible solid elastic or superelastic 
material or a memory metal material Which can be pre 
formed into a memoriZed shape and subsequently deformed 
into another shape. As With ?ltration element 74, the 
expanded or deployed state of sensing element 76 preferably 
comprises the memoriZed shape of the sensing element 76. 
Sensing element 76 is adapted to react With any injected 
thrombolytic agent A remaining in the ?uid stream as 
represented by arroW 18 in blood vessel 12 after chemical 
?ltration has occurred in ?ltration element 74 or any com 
pound “D” derived from the injected thrombolytic agent A 
that is left in the ?uid ?oW 18 after it has passed ?ltration 
element 74. Sensing element 76 is also designed to deliver 
a response signal indicative of and typically proportional to 
the amount of injected, active thrombolytic agent A left in 
the ?uid ?oW 18 after it has passed ?ltration element 74. 
Sensing element 76 determines the level of remaining 
thrombolytic agent A by measuring conductivity changes C 
in Wire mesh 130 caused by the interception of thrombolytic 
agent A in Wire mesh 130. Wire mesh 130 is composed of an 
electrically conductive material of a given resistance. As 
described previously, When reacting With ?ltration element 
74, the injected thrombolytic agent A desirably binds to the 
reaction agent on ?ltration structures 120 thereby chemically 
trapping or ?ltering the thrombolytic agent A in the ?ltration 
element 74. Any remaining active thrombolytic agent A (see 
FIG. 9B) reacts With Wire mesh 130 Which changes the 
electrical conductivity of the Wire mesh 130. Conductivity 
changes, as represented by arroWs C in FIG. 6, are commu 
nicated to a feedback device or component 132, in this case 
a transmitting Wire. Depending on the ratio of the area of 
Wire mesh 130 exhibiting conductivity changes C to the 
cross section of blood vessel 12, assuming Wire mesh 130 
extends completely across the cross section of blood vessel 
12, the total amount of injected thrombolytic agent A in an 
active state may be determined. 

[0070] As an alternative, the ?ltration structures 120 form 
ing ?ltration element 74 may comprise a chemical coating 
forming the reaction agent adapted to neutraliZe or inhibit 
the thrombolytic agent A and bind the thrombolytic agent A 
to ?ltration structures 120 but Which also include another 
agent such as a “sensing” agent Which also combines With 
the thrombolytic agent A. This results in a combined or 
derived compound D Which may be speci?cally designed or 
adapted to change the conductivity C of Wire mesh 130 in a 
speci?c manner. It Will be appreciated that the neutraliZing 
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or inhibiting agent itself may comprise the “sensing” agent 
Which is speci?cally adapted to change the conductivity C of 
Wire mesh 130 in a speci?c manner. In this alternative 
sensing arrangement, depending on the ratio of the area of 
Wire mesh 130 exhibiting conductivity changes C due to the 
derived compound D to the cross section of blood vessel 12, 
the total amount of injected thrombolytic agent A neutraliZed 
may be determined. From the total amount of thrombolytic 
agent A neutraliZed, the total remaining amount of injected 
thrombolytic agent A still in an active state may be deter 
mined by mathematical calculation. In the schematic illus 
tration in FIG. 10B, thrombolytic agent A is injected into 
blood vessel 12 and is neutraliZed or inhibited by an agent, 
for example, coated on ?ltration structures 120. The neW or 
derived compound D formed upon ?ltration is a combination 
of thrombolytic agent, a neutralizing/inhibiting agent, and, 
optionally, a conductivity-changing agent. When this neW 
“derived” compound, identi?ed D comes into contact With 
Wire mesh 130 forming sensing element 76, the conductiv 
ity-changing component or molecules of derived compound 
D Will come into contact With current-conducting Wire mesh 
130 of sensing element 76 and decrease conductivity C of 
Wire mesh sensing element 76. This process is similar to that 
as described previously With respect to thrombolytic agentA 
passing to sensing element 76 (as in FIG. 9B). HoWever, the 
conductivity-changing component of derived compound D 
may be adapted to elicit a speci?c conductivity-changing 
response in Wire mesh 130 from Which the amount of 
thrombolytic agent A remaining in an active state may be 
determined. 

[0071] As indicated previously, Wire mesh 130 forming 
sensing element 76 may be siZed such that it ?lls the entirety 
of the cross section of the blood vessel 12. In this con?gu 
ration, Wire mesh 130 may act as an embolus/thrombus 
catching device as Well to prevent the progression of throm 
bolytic material 78 to a doWnstream location in blood vessel 
12. While sensing element 76 Was described hereinabove as 
a Wire mesh 130 that Works on the principle of conductivity 
changes C to sense the level of active or neutraliZed throm 
bolytic agent A in blood vessel 12 doWnstream of ?ltration 
element 74, this speci?c con?guration is not intended to be 
limiting. Sensing element 76 may operate on a principle of 
resonant mass detection element (Coriolis ?oW meter), or on 
an optical re?ectance principle, for example ?uoroscopy or 
spectroscopy, as described herein in connection With FIG. 
14. A suitable Coriolis ?oW meter for use as sensing element 
76 and in place of Wire mesh 130 is manufactured by 
Emerson Process Management and sold under the trademark 
Micro Motion® F-Series Mass FloW and Density Meters. 
Another suitable mass ?oW meter for use in place of Wire 
mesh 130 is manufactured by Integrated Sensing Systems, 
Inc. and sold under the trade name ISSYS micro-density 
meter. Such mass ?oW meters are used for chemical and/or 
biological detection. 
[0072] Moreover, sensing element 76 may further be 
adapted to sense the amount of therapeutic agent A via 
thermal detection principles such as injecting the therapeutic 
agent A at a temperature higher or loWer than human body 
temperature and measuring thermal changes in the physi 
ological ?uid in the body lumen. Ion selective electrodes 
may also be used as part of sensing element 76 or as sensing 
element 76 itself, and measure the amount of therapeutic 
agent A based on ion detection principles. 














