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(57) ABSTRACT 

Methods and apparatus are provided for treating congestive 
heart by actively or passively enhancing perfusion to the 
renal arteries. A ?rst embodiment comprises a specially 
con?gured balloon catheter and eXtracorporeal pump, 
Wherein the pump operates in a “once-through” fashion or 
alternating volume displacement mode. In another embodi 
ment the catheter includes a pair of balloons to isolate a 
region of the aorta, and a third balloon that directs ?oW into 
the renal arteries. In still further embodiments, a stent or cuff 
having a constricted region is deployed in or around the 
aorta, respectively, to create a backpressure upstream of the 
stent or cuff. Methods of enhancing renal perfusion also are 
provided. 
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APPARATUS AND METHODS FOR TREATING 
CONGESTIVE HEART DISEASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of copending 
US. patent application Ser. No. 09/562,493 ?led on May 1, 
2000, incorporated by reference herein, Which is a continu 
ation in part of copending US. patent application Ser. No. 
09/229,390 ?led on Jan. 11, 1999, incorporated by reference 
herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT 

DISC 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The present invention relates to apparatus for treat 
ing acute renal failure such as that caused by congestive 
heart disease and other trauma by providing increased blood 
perfusion to the kidneys, thereby enhancing renal function. 

[0006] 2. Background of the Invention 

[0007] Acute renal failure (“ARF”) is an abrupt decrease 
in the kidney’s ability to excrete Waste from a patient’s 
blood. This change in kidney function may be attributable to 
many causes. A traumatic event, such as hemorrhage, gas 
trointestinal ?uid loss, or renal ?uid loss Without proper ?uid 
replacement may cause the patient to go into ARF. Patient’s 
may also become vulnerable to ARF after receiving anes 
thesia, surgery, ot-adrenergic argonists or high dose dopam 
ine or patients With hepatorenal syndrome because of related 
systemic or renal vasoconstriction. Alternatively, systemic 
vasodilation cause by anaphylaXis; antihypertensive drugs, 
sepsis or drug overdose may also cause ARF because the 
body’s natural defense is to shut doWn “non-essential” 
organs such as the kidneys. Additionally, reduced cardiac 
output caused by cardiac shock, congestive heart failure, 
pericardial tamponade or massive pulmonary embolism cre 
ates an eXcess of ?uid in the body. Speci?cally it has long 
been knoWn that cardiac dysfunction induces a series of 
events that ultimately contribute to congestive heart failure 
(“CHF”). One such event is a reduction in renal blood ?oW 
due to reduced cardiac output. This reduced ?oW can in turn 
result in the retention of eXcess ?uid in the patient’s body, 
leading for example, to pulmonary and cardiac edema. 

[0008] The appearance of ARF signi?cantly increases 
mortality. ICU patients mortality rates for patients Without 
ARF are approximately 20%. HoWever, once ARF is 
achieved, the mortality rates jump to betWeen 60% and 80%. 
Preventing ARF in patients at risk but Who have not yet had 
any renal insuf?ciency Will have a dramatic impact on ICU 
mortality rates. 

[0009] Chapter 62 of Heart Disease: A Textbook of Car 
diovascular Medicine, BraunWald, ed., 5th ed. 1996), 
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published by Saunders of Philadelphia, Pa., reports that for 
patients With CHF, the fall in effective renal blood ?oW is 
proportional to the reduction in cardiac output. Renal blood 
?oW in normal patients in an age range of 20-80 years 
averages 600 to 660 ml/min/m2 corresponding to about 14 to 
20 percent of simultaneously measured cardiac output. 
Within a Wide spectrum of CHF severity, renal blood ?oW is 
depressed to an average range of 250 to 450 ml/mm/m2. 

[0010] Previously knoWn methods of treating ARF attrib 
utable to congestive heart failure and deteriorating renal 
function in patients having CHF principally involve admin 
istering drugs, including diuretics that enhance renal func 
tion, such as furosemide and thiaZide; vasopressors intended 
to enhance renal blood ?oW, such as Dopamine; and vasodi 
lators that reduce vasoconstriction of the renal vessels. 
Many of these drugs, When administered in systemic doses, 
have undesirable side-effects. Additionally, many of these 
drugs Would not be helpful in treating other causes of ARF. 
Speci?cally, administering vasodilators to dilate the renal 
artery to a patient suffering from systemic vasodilation 
Would merely compound the vasodilation system Wide. 

[0011] In addition, for patients With severe CHF (e.g., 
those aWaiting heart transplant), mechanical methods, such 
as hemodialysis or left ventricular assist devices, may be 
implemented. Mechanical treatments, such as hemodialysis, 
hoWever, generally have not been used for long-term man 
agement of CHF. Such mechanical treatments Would also 
not be help for patients With strong hearts suffering from 
ARF. 

[0012] Advanced heart failure (“HF”) requires the com 
bination of potent diuretics and severe restriction of salt 
intake. Poor patient compliance is a major cause of refrac 
toriness to treatment. On the other hand, as renal urine 
output decreases With reduced renal perfusion, in the event 
of dehydration, the required diuretic dosages increase. 

[0013] Recent Work has focused on the use of intra-aortic 
balloon pumps (IABPs) to divert blood ?oW into the renal 
arteries. One such technique involves placing an IABP in the 
abdominal aorta so that the balloon is situated slightly beloW 
(proximal to) the renal arteries. The balloon is selectively 
in?ated and de?ated in a counterpulsation mode so that 
increased pressure distal to the balloon directs a greater 
portion of blood ?oW into the renal arteries. 

[0014] In vieW of the foregoing, it Would be desirable to 
provide methods and apparatus for treating and managing 
ARF Without administering high doses of drugs or dehy 
drating the patient. 

[0015] It further Would be desirable to provide methods 
and apparatus for treating and managing ARF by improving 
blood ?oW to the kidneys, thereby enhancing renal function. 
Speci?cally, a system Which could be used for all ARF 
patients during critical treatment times Would be bene?cial. 
In particular, a system Which could be placed easily in a 
patient during emergency or critical care Without the need 
for surgery or X-ray ?uoroscopy guidance Would be useful 
to all patients in danger of ARF. 

[0016] It also Would be desirable to provide methods and 
apparatus for treating and managing ARF that permit the 
administration of loW doses of drugs, in a localiZed manner, 
to improve renal function Without having an effect system 
Wide. 
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[0017] It still further Would be desirable to provide meth 
ods and apparatus for treating and managing ARF using 
apparatus that may be percutaneously and transluminally 
implanted in the patient. 

SUMMARY OF THE INVENTION 

[0018] The present invention provides methods and appa 
ratus for treating and managing ARF Without administering 
high doses of drugs or dehydrating the patient by improving 
blood How to the kidneys, thereby enhancing renal function. 

[0019] This invention also provides methods and appara 
tus for treating and managing ARF that permit the admin 
istration of loW doses of drugs, in a localized manner, to 
improve renal function. 

[0020] The present invention also provides methods and 
apparatus for treating and managing ARF using apparatus 
that may be percutaneously and transluminally implanted in 
the patient. 

[0021] These and other advantages of the present inven 
tion are obtained by providing apparatus and methods that 
either actively or passively enhance perfusion of the renal 
arteries With autologous blood. Active perfusion may be 
accomplished using an eXtracorporeal pump and one of a 
number of specially designed catheter sets, While passive 
perfusion may be accomplished by creating a constriction in 
the aorta proXimal to the renal arteries. Apparatus and 
method Which direct a loW dose of drugs in a localiZed 
manner are also provided. 

[0022] To facilitate the advancement of the catheter into 
the patient’s coronary artery, a guiding catheter having a 
distal tip may be ?rst percutaneously introduced into the 
abdominal aorta of a patient by the Seldinger technique 
through the brachial or femoral arteries. The catheter is 
advanced until the preshaped distal tip of the guiding 
catheter is disposed Within the aorta adjacent the ostium of 
the renal arteries. Aballoon catheter embodying features of 
the invention may then be advanced through the guiding 
catheter into the patient’s abdominal aorta over a guideWire 
until the balloon on the catheter is disposed at the desired 
region of the patient’s artery. In speci?c embodiments, the 
use of a guiding catheter is unnecessary. The advancement 
of the catheter over a guideWire is suf?cient to achieve 
adequate placement. 
[0023] For active perfusion, the apparatus of the present 
invention preferably comprises a balloon catheter coupled to 
a pump. The pump may be eXtracorporeal or in-line. In one 
embodiment the catheter has an inlet end con?gured for 
placement in a source of arterial blood, such as the aorta or 
a femoral artery, and an outlet end con?gured to provide 
perfusion of one or both renal arteries. Blood is draWn 
through the catheter from the inlet end and pumped back, 
using either the same or a different lumen, to one or both 
renal arteries. Blood draWn into the catheter either may pass 
through the eXtracorporeal pump, or alternatively the pump 
may operate by periodic ?uid displacement. Sensors may be 
provided on the catheter to monitor pressure Within the renal 
arteries, and such pressure data may in turn be used to adjust 
the pump operation. The balloon catheter has at least one 
balloon. In speci?c embodiments, the balloon catheter has 2 
balloons. The balloons may be systematically in?ated 
against the aorta Wall and de?ated to assist in the perfusion 
of the renal arteries. 
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[0024] The balloon may be formed using either compliant 
or non-compliant materials, preferably compliant. Most 
optimally, the balloon material is chosen so that in?ation of 
the balloon to a volume suf?cient to occlude the aorta, i.e., 
to a diameter of betWeen 15 and 35 mm, Will create a 
suf?cient pressure Within the balloon so as to provide the 
balloon With some degree of mechanical rigidity and to 
likeWise apply a small amount of outWard radial force to the 
aortic Wall so as to provide positional and orientational 
stability to the balloon. Such a pressure is typically betWeen 
about 4 and about 20 psi. Materials that can achieve such 
behavior include synthetic polyisoprene and thermoplastic 
urethane. Material durometer and tensile modulus must be 
selected appropriately so as to alloW for the above properties 
to be eXhibited With a practical balloon-Wall thickness. 
Material With a shore hardness of about 70 A to about 100 
A, preferably about 80 A to about 90 A are appropriate. For 
eXample, thermoplastic urethane such as DoW Pellethane 
2363-80 A, Which has a Shore hardness of 80 A, a tensile 
modulus of 1750 psi at 300% elongation and an ultimate 
elongation of 550%, can be used for forming the balloon. 
Balloons may be formed by dipping a shaped mandrel into 
a mixture of urethane dissolved in a solvent, such as 
tetrahydrofuran. The mandrel should be shaped so as to 
produce an unin?ated balloon With a diameter of betWeen 3 
and 8 mm. The dipping process should be repeated so as to 
produce a balloon With an unin?ated Wall thickness of 
betWeen 0.002 in. and 0.010 in. Alternatively, the balloon 
can be formed by ?rst melt-extruding a length of tubing and 
then bloW-molding the tube into a balloon form. Dimensions 
of the tubing and mold Would be chosen to achieve the same 
diameter and thickness described above. 

[0025] The in?ated balloon should have a maXimum 
safety-factored diameter of betWeen 15 and 35 mm, to 
accommodate the range of diameters of the human infrarenal 
aorta. Alternatively, the device could be available in a range 
of balloon siZes, such as 15 to 25 mm and 25 to 35 mm. In 
order to provide positional and orientational stability to the 
catheter Within the aorta, the in?ated balloon should have a 
length of about 2 to about 8 cm, preferably about 3 to about 
6 cm. The catheter shaft can be formed by melt extrusion 
processing of thermoplastic polymers typically used in cath 
eters, such as Hytrel, PebaX or polyurethane. 

[0026] The balloon can be attached to the catheter shaft by 
either an adhesive bond or a thermal fusion. The later can be 
used if a thermoplastic balloon material, such as polyure 
thane, is used. If a thermoset material, such as polyisoprene, 
is used, an adhesive Will be used to attach the balloon. 
Cyanoacrylate adhesives, such as Loctite 4203 combined 
With Loctite Primer 770, can be used, as can urethane-based 
UV-cured adhesives, such as DymaX 205CTH can also be 
used. In addition, 2-part adhesives, such as epoXies or 
urethane-based adhesives can be used. 

[0027] In a speci?c embodiment, the catheter has a pump 
Which is an in-line archimedean screW pump situated Within 
a balloon catheter. An archimedean screW is a screW Which 
alloWs for ?uid movement With the turning of the screW. The 
balloon catheter has 2 balloons, a distal balloon and a 
proXimal balloon, longitudinally displaced from each other, 
and the screW pump is preferably situated betWeen the tWo 
balloons. HoWever, the screW pump may also be situated at 
a location distal to the distal balloon. The catheter is placed 
in the patient Within the abdominal aorta. The balloon 


















