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(57) ABSTRACT 

An extracorporeal support system including an extracorpo 
real support apparatus and an arterial circulation support 
catheter. The arterial circulation support catheter includes a 
blood lumen With a proximal end coupled to extracorporeal 
support apparatus and a distal end inserted into the blood 
circulation. A vent lumen has a distal end that crosses the 
aortic valve into the left ventricle and provides direct 
venting of the left ventricle through the vent lumen. An 
arterial circulation support catheter occluding member is 
positioned either in an interior or at an exterior of the arterial 
circulation support catheter. A venous circulation support 
catheter is provided and includes a blood lumen With a 
proximal end coupled to the extracorporeal support appara 
tus and a distal end inserted into the blood circulation. A 
venous circulation support catheter occluding member is 
included and positioned in an interior or at an exterior of the 
venous circulation support catheter. The venous circulation 
support catheter occluding member occludes the superior 
vena cava and the inferior vena cava. 

34 ARTERIAL 
ROLLER 
PUMP 

ARTERIAL FILTER AND 
LINE PRESSURE MONITOR 

I 
CARDIOTOMY RESERVOIR R TURN J 5 LINE 



21 A1 Patent Application Publication Oct. 31, 2002 Sheet 1 0f 10 US 2002/01613 

8 1 FIG. 1 

245 1 8’ (—_ 

1 " SUBCLAVIAN 
35 8 CATHETER 

CARDIOPLEGIA 
sOLuTION . 

37 

LEI/38 

PUMP . ROLLER I 39 
28 20 PUMP u 
AB ‘ a $3 I531 2:952 I 

VENOUS 
CATHETER 

3O 12 

F _ -__--_-/-l__ L Kt; ' I 
I BUBBLE OXYGENATOR, HEAT EXCHANGER 

AND ARTERIAL RESERVQIR -__ _. 

ARTERIAL FILTER AND I J 
LINE PREssuRE MONITOR ? 

\. 32 14 I 
| 34 @ ARTERIAL 

ROLLER | , 
l PUMP ) CARDIOTOMY RESERVOIR RETURN LINE l _ ‘ I 

-___-__ 
_________ 



Patent Application Publication Oct. 31, 2002 Sheet 2 0f 10 US 2002/0161321 A1 

.ww mm 

I ‘ 

a ‘A "I 

m GE 

w? 

ww 



Patent Application Publication Oct. 31, 2002 Sheet 3 0f 10 US 2002/0161321 A1 

F|G.3 
18" 

42 OXYGENATED BLOOD 
AND CARDIOPLEGIA 

40 SOLUTION VIA 
44 SUBCLAVIAN CATHETER 

35 

24 5O 

BLOOD TO PUMP OXYGENATOH 
VIA VENOUS RETURN CATHETER 



Patent Application Publication Oct. 31, 2002 Sheet 4 0f 10 

74 

/-18 

72 

FIG. 4(a) 

74 

72 

18 76 

FIG. 4(b) 

US 2002/0161321 A1 

74 

76 

18 

FIG. 4(c) 

72 
74 

76 

78 18 

FIG. 4(a) 



Patent Application Publication Oct. 31, 2002 Sheet 5 0f 10 

80 

20 

FIG. 5(a) 

82 

8 84 

6 FIG. 5(C') 

US 2002/0161321 A1 

80 

82 

FIG. 5(b) 





Patent Application Publication Oct. 31, 2002 Sheet 7 0f 10 US 2002/0161321 A1 

0 

I0 \ 

Io 
f0‘ 

8 ‘o 

I a 

05 5; u. ?t s1 
/ m 
/ j\ 

=0 
m 

0 8 

<1 
<0 

28 64 



Patent Application Publication Oct. 31, 2002 Sheet 8 0f 10 US 2002/0161321 A1 

18’ 

FIG. 8 

24 



Patent Application Publication Oct. 31, 2002 Sheet 9 0f 10 US 2002/0161321 A1 

98 

FIG. 9 / no 
CARDIO PLEG IA 

SOLUTION BALLOON 
INFLATION / 
DEFLATION 

CARDIOPLEGIA SOURCE 
INFUSION 

PUMP 

TO VENOUS 
RESERVOIR OF PUMP 

AORTIC ROOT 
ROLLER PUMP TO ARTERIAL 

WAVEFORM RESERVOIR OF PUMP 
PRESSURE 

MONITOR, 

LEFT VENTRICAL BYPASS PUMP 
DECOMPRESSION /VENT 
ROLLER PUMP 

46 



Patent Application Publication Oct. 31, 2002 Sheet 10 0f 10 US 2002/0161321 A1 

FIG. 10 

101 

BLOOD TO OXYG ENATOR 
PUMP VIA FEMORAL 
RETURN CATHETER 

T OXYGENATED BLOOD AND 
CARDIOPLEGIA SOLUTION VIA 

C FEMORAL ARTERY CATHETER 



US 2002/0161321 A1 

METHOD OF OCCLUDING A PATIENT’S 
ASCENDING AORTA AND DELIVERING 

CARDIOPLEGIC FLUID 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/250,721 entitled “A CATH 
ETER SYSTEM AND METHOD FOR PROVIDING CAR 
DIOPULMONARY BYPASS PUMP SUPPORT DURING 
SURGERY” by SWeeZer et al., ?led May 27, 1994 incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to an eXtracorpo 
real circulation support system coupled to the blood circu 
lation, and more particularly to an eXtracorporeal circulation 
support apparatus Which directly vents the left ventricle. 

[0004] 2. Background of the Invention 

[0005] Each year eXtracorporeal circulation support per 
mits over 500,000 patients WorldWide With disabling heart 
disease to undergo therapeutic cardiac operations. The goals 
of eXtracorporeal circulation support for heart surgery are, 
(i) to provide life-support functions, (ii) a motionless 
decompressed heart, (iii) a dry bloodless ?eld of vieW for the 
surgeon, and (iv) adequate myocardial protection. 

[0006] One method of eXtracorporeal support includes a 
basic heart-lung life-support system. Oxygen-poor blood is 
diverted from the venous circulation of the patient and 
transported to the heart-lung machine Where reoXygenation 
occurs. carbon dioxide is discarded and heat regulation, 
Warming or cooling, is accomplished. This processed blood 
is then perfused into the patient’s arterial circulation for 
distribution throughout the entire body to nourish and main 
tain viability of the vital organs. Although current venous 
diversion and arterial perfusion methods can be combined 
With other measures to effectively isolate the heart for 
cardiac surgery, they are associated With disadvantages and 
limitations Which contribute signi?cantly to patient morbid 
ity, mortality, and health care costs. Another method may 
involve using a left ventricle assist system to channel blood 
from the left ventricle into aortic circulation. 

[0007] In order to perform coronary artery bypass, valve 
operations and other complex delicate surgical procedures 
on the heart, it is desirable to establish a resting, non 
beating, non-distended state. This condition, along With a 
dry bloodless ?eld, is ideal for safe manipulation and 
suturing of cardiac structures. It also contributes to 
decreased metabolic cardiac energy demands While promot 
ing preservation of cellular functions. This non-beating state 
is accomplished by delivery of various methods including 
but not limited to delivery of a cardioplegia solution to the 
coronary circulation 

[0008] There are several methods of controlling disten 
sion, decompression or venting, and improved visibility of 
the heart during heart surgery. These include but are not 
limited to, insertion of a catheter via the left atrium or a 
pulmonary vein that is directed across the mitral valve so 
that its openings at the top are positioned Within the left 
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ventricular chamber for venting of blood, (ii) inserting a 
catheter directly into the apeX of the left ventricular muscle 
With its openings at the tip positioned Within the left ven 
tricular chamber for venting of blood, (iii) placement of a 
catheter in the isolated segment of the ascending aorta for 
antegrade cardioplegia delivery that can be alternatively 
sWitched to a suction so to accomplish aortic root venting 
(decompression) but not Left ventricular decompression 
(venting), and (iv) inserting a catheter across the aortic valve 
into the left ventricle to remove blood from the left ventricle 
and return it back into the arterial circulation. These methods 
have several disadvantages including but not limited to 
requiring major sternotomy or thoracotomy. 

[0009] Major invasive chest incisions are often associated 
With a higher incidence of morbidity including, but not 
limited to, intraoperative and post-operative bleeding, 
resulting in the likelihood of increased blood transfusion 
requirements, returns to surgery for re-eXploration to control 
hemorrhage, longer healing and recovery times, pulmonary 
complications (such as lung collapse and pneumonia), cata 
strophic Wound infection (mediastinitis), eXtensive scarring 
and adhesions. mechanical Wound instability and disruption 
(dehiscence), chronic incisional pain, peripheral nerve and 
musculoskeletal dysfunction syndromes. 

[0010] Developing a system With features that avoids 
surgical maneuvers, instrumentation and devices knoWn to 
be associated With increased morbidity and mortality, While 
maintaining the conditions necessary to perform various 
cardiac interventions, is desirable. Such improvements have 
the likelihood of resulting in a favorable impact on patient 
care. quality of life, and health care costs. 

[0011] Although peripherally inserted catheters of the 
prior art avoid direct cardiac trauma and can be placed 
Without a major invasive chest incision (sternotomy or 
thoracotomy), they do not establish the condition of total 
eXtracorporeal circulation support. 

[0012] It is thus desirable to develop an eXtracorporeal 
circulation support system coupled to the blood circulation 
Which directly removes blood from the left ventricle. It is 
further desirable to provide a method for directly venting the 
left ventricle. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, an object of the present invention is to 
provide an eXtracorporeal circulation support system that 
occludes the aorta and directly vents the left ventricle. 

[0014] Another object of the present invention is to pro 
vide an eXtracorporeal circulation support system With a 
vent lumen that directly vents the left ventricle. 

[0015] A further object of the present invention is to 
provide an eXtracorporeal circulation support system 
coupled to the blood circulation and directly vents the left 
ventricle. 

[0016] Still another object of the present invention is to 
provide a method for directly venting the left ventricle. 

[0017] These and other objects of the invention are pro 
vided in an eXtracorporeal support system coupled to the 
blood circulation. An eXtracorporeal support apparatus and 
an arterial circulation support catheter are provided. The 
arterial circulation support catheter includes a blood lumen 
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With a proximal end coupled to the extracorporeal support 
apparatus and a distal end inserted into the blood circulation. 
A vent lumen has a distal end that crosses the aortic valve 
into the left ventricle and provides direct venting of the left 
ventricle through the vent lumen. An arterial circulation 
support catheter occluding member is positioned in an 
interior or an exterior of the arterial circulation support 
catheter. A venous circulation support catheter includes a 
blood lumen With a proximal end coupled to the extracor 
poreal support apparatus and a distal end inserted into the 
blood circulation. A venous circulation support catheter 
occluding member is included and positioned in an interior 
or at an exterior of the venous circulation support catheter. 
The venous circulation support catheter occluding member 
occludes the superior vena cava and the inferior vena cava. 

[0018] In another embodiment, a method for venting the 
left ventricle of the heart is disclosed. An extracorporeal 
circulation support system is provided and includes an 
extracorporeal support apparatus, a venous circulation sup 
port catheter, an arterial circulation support catheter and a 
vent lumen. The arterial circulation support catheter and 
venous circulation support catheter are introduced into the 
blood circulation. A vent lumen distal end is positioned in 
the left ventricle, and the left ventricle is directly vented 
through the vent lumen. 

[0019] An arterial circulation support catheter occluding 
member lumen can be coupled to the arterial circulation 
support catheter occluding member and positioned in the 
arterial circulation support catheter. The arterial circulation 
support occluding member can be slideably positioned in the 
blood lumen or in the arterial circulatory support occluding 
member lumen. The arterial circulation support catheter 
occluding member can be one or more clamps or balloons. 

[0020] A venous circulation support catheter occluding 
member lumen can be coupled to the venous circulation 
support catheter occluding member and positioned in the 
venous circulation support catheter. The venous circulation 
support catheter occluding member can be slideably posi 
tioned in the venous circulation support catheter blood 
lumen or in the venous circulation support catheter occlud 
ing member lumen. 

[0021] The arterial circulation support catheter may 
include an infusion lumen With a distal end that introduces 
an infusion medium into the aortic root. The infusion lumen 
may be positioned in the interior of the arterial circulation 
support catheter, at the exterior of the arterial circulation 
support catheter, in the blood lumen adjacent to the blood 
lumen or in the arterial circulation support catheter adjacent 
to the blood lumen. 

[0022] The venous circulation support catheter may also 
include an infusion lumen that introduces an infusion 
medium into the venous circulation. The infusion lumen can 
be positioned in the interior of the venous circulation 
support catheter, at the exterior of the venous circulation 
support catheter, in the blood lumen or in the venous 
circulation support catheter adjacent to the blood lumen. 
Inclusion of the infusion lumen permits the introduction of 
an incision medium into the venous circulation and may also 
vent mediums from the venous circulation and/or the right 
heart either simultaneously or at alternate times. 

[0023] An intervention al lumen, for the introduction of a 
diagnostic or therapeutic device into the blood circulation, 
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may be positioned in an interior or exterior of the arterial 
circulation support catheter or in the blood lumen. 

BRIEF DESCRIPTION OF THE FIGURES 

[0024] FIG. 1 is a schematic draWing illustrating the 
extracorporeal circulation support system of the present 
invention used for venting the left ventricle. 

[0025] FIG. 2 is a schematic draWing of an arterial cir 
culation support catheter inserted into the subclavian artery. 

[0026] FIG. 3 is a schematic draWing illustrating posi 
tioning of the arterial and venous circulation support cath 
eters of the present invention to achieve extracorporeal 
circulation support. 

[0027] FIGS. 4(a) through 4(a') are cross-sectional vieWs 
of different arterial circulation support catheters of the 
present invention. 

[0028] FIGS. 5(a) through 5(c) are cross-sectional vieWs 
of different venous circulation support catheters of the 
present invention. 

[0029] FIG. 6 is a cross-sectional vieW of an arterial 
circulation support catheter. 

[0030] FIG. 7 is a cross-sectional vieW of a distal end of 
a venous circulation support catheter. 

[0031] FIG. 8 is a phantom and part cross-sectional vieW 
of an embodiment of, an arterial circulation support catheter 
of the present invention. 

[0032] FIG. 9 is a schematic vieW illustrating an arterial 
circulation support catheter of the present invention inserted 
directly in the descending aorta. 

[0033] FIG. 10 is a schematic vieW illustrating an arterial 
circulation support catheter inserted through the femoral 
artery and a venous circulation support catheter occluding 
the superior and inferior vena cava. 

DETAILED DESCRIPTION 

[0034] For purposes of this speci?cation, venting is a 
method for decompressing or unloading a speci?c compart 
ment of the circulation system. Typically, venting is the 
decompression of blood from a heart chamber. The left side 
of the heart is Where oxygenated blood is introduced into the 
arterial system. The right side of the heart is Where deoyx 
genated blood is introduced into the pulmonary system. The 
patient may be a human, an animal or a simulator. 

[0035] Extracorporeal support system of the present 
invention can be used for a variety of procedures, both in the 
?eld of cardiology, as Well as elseWhere in a patient. 
Cardiology applications (With a beating or non-beating 
heart) include but are not limited to, CABG, (ii) con 
genital defects of the heart, (iii) valve repair and replace 
ment, (iv) valvoplasty, (v) coronary bypass, (vi) heart vent 
ing, (vii) heart isolation and (viii) other procedures that are 
facilitated With heart venting Without blood ?oWing into the 
heart chambers. The extracorporeal support system of the 
present invention is used With primary and reoperative 
surgical procedures as Well as a life support system. 

[0036] An extracorporeal support system, denoted as 10, is 
inserted in the blood circulation. An extracorporeal support 
apparatus 12 provides for the delivery of re-oxygenated 
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blood to the blood circulation and in one embodiment 
includes an outlet port 14 for the delivery of re-oxygenated 
blood to the arterial circulation, and an inlet port 16 for 
receiving blood from the venous circulation. Extracorporeal 
support apparatus 12 can be a heart-lung apparatus, left 
ventricular assist device, roller pump, centrifugal device and 
the like. An arterial circulation support catheter 18 and a 
venous circulation support catheter 20 are provided. In one 
embodiment, arterial circulation support catheter 18 com 
prises a ?rst ?exible cannula 18‘ and a second ?exible 
cannula 18“. A proximal end 22 of arterial circulation 
support catheter 18 can be coupled to outlet port 14, and a 
distal end 24 is introduced into the blood circulation includ 
ing but not limited to the arterial circulation. distal end 24 
extends proximally to at least an occluding member coupled 
to arterial circulatory support catheter 18. Aproximal end 26 
of venous circulation support catheter 20 may be coupled to 
inlet port 16, and a distal end 28 is introduced into the blood 
circulation, including but not limited to the venous circula 
tion. 

[0037] Extracorporeal support apparatus 12 provides oxy 
genation and heating or cooling for blood and in one 
embodiment includes a bubble oxygenator 30, Which incor 
porates a heat exchanger and an arterial reservoir, an arterial 
?lter and line pressure monitor 32, and a pump 34 from 
Which oxygenated blood is returned to arterial circulation as 
shoWn by arroW C. A method to stop or start the heart may 
include a ?brillation and de?brillation apparatus coupled to 
the heart. 

[0038] First ?exible cannula 18‘may be selectively placed 
in communication With a pump 33. This pump may also 
provide for the delivery of a cardioactive agent 37 to the 
aortic root through one or more ori?ces 35 contained in 
distal end 24, or for venting blood from the aortic root 
Vented blood need not be returned to extracorporeal support 
apparatus 12. In one method the path of returned blood is 
shoWn by arroW D through a cardiotomy reservoir return 
line to bubble oxygenator 30 and a heat exchanger. The 
vented blood is thereafter oxygenated and then delivered to 
a pump 34 Where it is returned into arterial circulation as 
shoWn by arroW C. In another method the path of blood 
extracted from the left ventricle is reintroduced into the 
arterial system distal to an arterial circulation support cath 
eter occluding member. 

[0039] In one embodiment, arterial circulation support 
catheter 18 may be minimally invasively inserted directly 
into the aorta This technique may require inserting a thora 
scope through an intercostal incision. The descending tho 
racic aorta and distal arch are identi?ed. The thorascope is 
further utiliZed to obtain an actual image of the cardiac 
anatomic structure. 

[0040] Speci?cally and Without limiting the scope of the 
present invention, the technique described in the preceding 
paragraph is used to assist the surgeon in fashioning a pair 
of circular tourniquet purse string sutures at the sight 
selected for insertion of the catheter into the descending 
thoracic aorta. After the purse string sutures are fashioned, 
a side-biting vascular clamp is then applied to occlude and 
isolate the insertion site from the rest of the aorta. This 
maneuver prevents bleeding When the catheter is advanced 
through a hole made in the center of the purse strings. After 
the catheter is advanced through the hole, the tourniquets are 
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draWn taunt to snugly seal the aortic tissue around the 
catheter entry site. The side-biting vascular clamp is then 
removed. 

[0041] In another method to create the arteriotomy, a 
device is used Which can facilitate the introduction and 
closure of the arteriotomy. 

[0042] Arterial circulation support catheter 20 alloWs dis 
tal end 24 to transverse the aortic valve Where distal end 24 
has one or more openings for venting the left ventricle. 
Extracorporeal circulation support can be achieved With 
venous circulation support catheter 20 remotely inserted into 
the veins. Preferably, the insertion is in the femoral vein. 
Venous circulation support catheter 20 is then advanced and 
positioned at the atrio-caval junction by ultrasound or ?uo 
roscopic techniques. To achieve delivery of blood into 
arterial circulation, one or more arterial catheters may be 
inserted peripherally into arterial vessels and then advanced 
and positioned in the aorta, or directly inserted into the aorta 
by utiliZing purse string sutures and the like. 

[0043] As illustrated in FIG. 2, arterial circulation support 
catheter 18 is inserted in subclavian artery 36. Arterial 
circulation support catheter 18 and venous circulatory sup 
port catheter 20 may be manipulated With a joy stick, 
steerable and non-steerable guide Wires, and the like. In one 
embodiment arterial circulation support catheter 18 is 
steered by a joy stick 38 into aortic arch 40 such that a ?rst 
opening 42 of arterial circulation support catheter 18 is 
positioned adjacent to the descending or thoracic aorta 44. 
This permits the ?oW of oxygenated blood from extracor 
poreal support apparatus 12 into the arterial circulation. First 
?exible cannula 18‘ is slideably extendable from second 
?exible cannula 18“ and has one or more occluding mem 
bers 46, Which can be clamps, balloons, and the like, 
positioned in an interior or exterior of arterial circulation 
support catheter 18 adjacent to distal end 24. For purposes 
of this speci?cation, and Without limitation, occluding mem 
ber 46 shall hereafter be referred to as balloon 46. In one 
embodiment, distal end 24 is spaced a suf?cient ?xed 
distance from balloon 46 to transverse aortic valve 48. In 
another embodiment distal end 24 is positioned directly 
adjacent to balloon 46. Because of the slidable relationship 
of ?rst and second ?exible cannulas 18‘ and 18“ the distance 
betWeen balloon 46 and a second balloon (if included) can 
be varied. This slidable relationship permits arterial circu 
lation support catheter 18 to be used With a greater spectrum 
of patients. 

[0044] In a further embodiment, distal end 24 is extend 
able distally relative to balloon 46 to permit distal end 24 to 
be advanced across aortic valve 48 and into left ventricle 50. 
Balloon 46 may be positioned-in the ascending aorta by 
utiliZing ultrasound or ?uoroscopic imagery. One or more 
apertures can be formed in distal end 24 to introduce a 
variety of different cardioactive agents. 

[0045] Referring noW to FIG. 3, venous circulation sup 
port catheter 20 is inserted peripherally into the femoral vein 
and advanced With the use of a joy stick, guide Wire and the 
like. In one embodiment, to assist the surgeon in locating 
distal end 24, and also to position balloon 46 in the aortic 
arch, a sensor is ?xed adjacent to distal end 24. The sensor 
can be made of an ultrasonic re?ective material, coated With 
a pieZoelectric or other material, or may be a radiopaque 
marker for ?uoroscopically imaging distal end 24. One or 
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more sensors are ?xed to second ?exible cannula 18“ 
adjacent to proximal and distal ends of balloon 46 respec 
tively. 
[0046] Venous circulation support catheter 20 is then 
positioned by ultrasound, Doppler, electromagnetic mark, 
?uoroscopy, and the like such that distal end 28 extends into 
superior vena cava 54. Superior vena cava 54 is occluded by 
a ?rst occluding member 56 Which is located adjacent to 
distal end 28 and placed cephalad to atrio-caval junction 58. 
An optional second occluding member 60 is coupled to 
venous circulation support catheter 20 and spaced proxi 
mally from ?rst occluding member 56 either in a ?xed or 
adjustable relationship. First and second occluding members 
56 and 60 can be balloons, clamps, deployment devices 
including but not limited to umbrellas and the like, posi 
tioned both at the interior and exterior of venous circulation 
support catheter 20, and the like. 

[0047] For purposes of this speci?cation, and Without 
limitation, occluding members 46, 56 and 60 Will hereafter 
be called a balloon. Suitable balloon materials include but 
are not limited to, silicon rubber, polyuretane, latex nylon, 
polyamide, polyethylene and the like. First and second 
?exible cannulas 18‘ and 18“ may be made of silicon rubber, 
polyvinyl chloride, polyurethane, ethylene, nylon and the 
like. In?ation of balloons 56 and 60, as Well as balloon 46 
may be achieved through the injection of a saline solution or 
other biocompatible ?uid by a syringe through lumens 
contained Within the respective catheters 18 and 20. Instead 
of a ?uid, a gas including but not limited to CO2 may be 
used. 

[0048] Second balloon 60 is positioned proximately of 
atrio-caval junction 58 to occlude inferior vena cava 62. 
First and second balloons 56 and 60 straddle atrio-cava 
junction 58 and When in?ated isolate the heart from blood 
?oW into the right atrium of the heart. ArroWs Aillustrate the 
blood ?oW from superior vena cava 54 through one or more 
venous ori?ces 64 Which are located in distal end 28 of 
venous circulation support catheter 20. Venous ori?ce 64 
communicates With the axially extending blood lumen 66 
and provide a ?oW path to extracorporeal support apparatus 
12. 

[0049] Extracorporeal circulation support during heart 
surgery requires the insertion of venous circulation support 
catheter 20 through a peripheral vein access site and there 
after positioning distal venous return ports of catheter 20 in 
superior and inferior vena cava 54 and 62 at atrio-caval 
junction 58. Venous circulatory support catheter 20 contains 
one or more balloons 56 and/or 59 that alloW the choice of 
either partial or total heart isolation. Total heart isolation 
occurs if balloon 56, and/or the combination of balloons 56 
and 60, completely occluded both inferior and superior vena 
cava 62 and 54, thereby preventing blood ?oW into the right 
atrium. 

[0050] An insertion site for venous circulation support 
catheter 20 may be the femoral vein, iliac vein, subclavian 
vein, axillary vein, or internal jugular vein. Insertion of 
venous circulation support catheter 20 through a peripheral 
vein access site avoids, the necessity for a major chest 
incision to expose the heart and (ii) eliminates the surgical 
trauma that Would occur to the right atrium, superior vena 
cava 54, and inferior vena cava 62. This procedure elimi 
nates costly surgical instruments, tourniquets and reduces 
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the operative time associated With conventional approaches 
to extracorporeal circulation support. 

[0051] To provide blood in arterial circulation, arterial 
circulation support catheter 18 is inserted peripherally into 
arterial vessels to permit ?rst ?exible cannula 18‘ to be 
advanced through the vessel into the ascending aorta. In one 
embodiment, arterial circulation support catheter 18 carries 
balloon 46 proximately of distal end 24 for occluding the 
aorta after balloon 46 is positioned in the ascending aorta 
cephalad of the junction of the coronary arteries in the aortic 
root. Arterial circulation support catheter 18 is then con 
nected to extracorporeal support apparatus 12 Which is then 
activated to permit oxygenated blood to be delivered to 
arterial circulation Cardioactive agents may be infused into 
the aortic root to arrest the heart. Additionally, contrast 
agents may also be introduced to visualiZe coronary struc 
tures. Balloons 56 and 60 of venous circulation support 
catheter 20 are expanded suf?ciently to preclude blood ?oW 
from inferior and superior vena cava 62 and 54 into the right 
atrium. Total extracorporeal circulation support is achieved. 
If the vena cava is not totally occluded by complete in?ation 
of one or both of balloons 56 and 60 the result is partial 
isolation of the heart. 

[0052] In one embodiment, a pair of venous sensors are 
carried by venous circulation support catheter 20 and located 
at the distal and proximal ends of ?rst balloon 56. These 
sensors may be made of a material that is re?ective of 
ultrasound or coated With a pieZoelectric or other material. 
The pieZoelectric material may generate an electric signal 
for transmission to a catheter system interface. The trans 
mission is then presented on a monitor to assist the surgeon 
in visualiZing the distal and proximal ends of ?rst balloon 56 
during its passage through the femoral vein and ultimate 
positioning in atrio-caval junction 58. Alternatively, the 
sensors may be radiopaque markers for use in ?uoroscopi 
cally imaging the location of balloon 56. Other methods of 
imaging knoWn in the art may also be used. 

[0053] Inferior vena cava 62 is occluded by the in?ation of 
second balloon 60. Blood ?oWing toWard the right atrium 
after balloon 60 is in?ated is precluded from ?oWing past 
balloon 60 and enters venous circulation support catheter 20 
through venous return ports 68. The blood is then trans 
ported directly to extracorporeal support apparatus 12. 

[0054] Arterial circulation support catheter 18 may 
include one or more different lumens Which may provide for 
the introduction and expulsion of blood to and from the 
arterial circulation. 

[0055] As illustrated in FIGS. 4(a) to 4(LD , a variety of 
lumens can be included and positioned in an interior or at an 
exterior of arterial circulation support catheter. These 
lumens can include, a vent lumen 72, (ii) a blood lumen 
74, (iii) an infusion lumen 76, and an intervention lumen 78. 
Vent lumen 72 is used to directly vent blood from left 
ventricle 50, introduce ?uids or other devices. An in?ation 
lumen coupled to balloon 46 may also be includes 

[0056] Vent lumen 72 has a distal end that crosses the 
aortic valve into left ventricle 50. Vent lumen 72 may also 
be utiliZed as an infusion lumen and/or introduce devices. 
Arterial circulation support catheter 18 can be a blood 
lumen, or alternatively include a separate blood lumen 74 
Which can be positioned adjacent to vent lumen 72, infusion 
lumen 76 or intervention lumen 78. 
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[0057] Infusion lumen 76 and intervention lumen 78 can 
be positioned in blood lumen 74. Infusion lumen 76 can 
introduce a variety of different infusion mediums into the 
arterial circulation. Suitable infusion mediums include but 
are not limited to, a cardio-active agent, one or more contrast 

agents, an iontropic agent, and the like. Infusion lumen 76 
may introduce the infusion medium into the aortic root and 
also be used to vent from the aortic root either simulta 
neously or at alternate times. Intervention lumen 78 intro 
duces a variety of different diagnostic or therapeutic devices 
into the arterial circulation. 

[0058] Referring noW to FIGS. 5(a) through 5(c), venous 
circulation support catheter 20 can include a blood lumen 
80, an infusion lumen 82, an intervention lumen 84 and a 
vent lumen 86. The functions of blood lumen 80, infusion 
lumen 82, intervention lumen 84 and vent lumen 86 are 
substantially the same as their equivalent lumens associated 
With arterial circulation support catheter 18. Each of the 
lumens can be positioned in an interior or at an exterior of 
venous lumen 20. Venous circulation support catheter 20 can 
be a blood lumen. Alternatively, a separate blood lumen 80 
can be positioned in an interior of venous circulation support 
catheter 20. Infusion lumen 82 introduces an infusion 
medium into the venous circulation, and can be positioned 
adjacent to or in blood lumen 80. Intervention lumen 84 may 
also be positioned adjacent to or in blood lumen 80. Addi 
tionally, an in?ation lumen can be coupled to balloon 56 
and/or 60. 

[0059] By reference noW to FIG. 6, it can be seen that ?rst 
?exible cannula 18‘ may have four steering lumens 92 Which 
extend in part axially through ?exible cannula 18‘ to permit 
steering Wires 94 to pass through ?rst ?exible cannula 18‘ in 
slidable relationship Where the distal ends of the steering 
Wires 94 are connected to the distal end of the ?rst ?exible 
cannula 18‘. Through the manipulation of joy stick 38 
appropriate linkage permits steering Wires 94 to be placed in 
tension relative to each other This permits distal end 24 of 
arterial circulation support catheter 18 to articulate. 

[0060] Aclearance exists betWeen ?rst ?exible cannula 18‘ 
and second ?exible cannula 18“ to permit ?exible cannula 
18‘ to be advanced through second ?exible cannula 18“. 
Movement in either direction can induce the slidable 
advancement of ?rst cannula 18‘ Within second cannula 18“. 
This arrangement permits the surgeon to position ?rst open 
ing 42 of second ?exible cannula 18“ in aortic arch 40 and 
thereafer to slide ?rst cannula 18‘ relative to second cannula 
18“ and position occluding member 46 in the aortic root. In 
one embodiment a ?rst sensor is carried by ?rst ?exible 
cannula 18‘ proximally of balloon 46 and a second sensor is 
positioned at the distal end of balloon 46 Where the sensors 
may be made of material that ef?ciently re?ects ultrasonic 
Waves. 

[0061] Ultrasound Waves are detectable by a device such 
as a transesophageal echo device 96 (FIG. 2) for a clear 
presentation of the extremities of balloon 46. This provides 
a more precise positioning of balloon 46 in aortic arch 40 
cephalid of the junction of the coronary arteries. Fluoro 
scopic imaging, Doppler, electromagnetic positioning, and 
other methods may also be used to positioned the catheters. 

[0062] Other embodiments of arterial circulation support 
catheter 18 may utiliZe a re?ective material to promote 
?uoroscopic imaging of balloon 46 extremities to achieve 
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proper positioning in the aortic root. Suitable re?ective 
materials include barium sulfate, bismuth subcarbonate and 
the like. First and second ?exible cannulas 18‘ and 18“ may 
also be in part, impregnated With materials for positioning 
and visualiZation, including but not limited to radiopaque 
materials such as barium sulfate, bismuth subcarbonate or 
iodine containing molecules, (ii) impregnated With tungsten, 
(iii) include materials to enhance performance characteris 
tics including but not limited to ?llers such as plasticiZer or 
other pigmentation or anti-oxidants, or (iv) coated With 
blood physiology agents, and other agents and materials to 
promote visualiZation of arterial circulation support catheter 
18 and balloon 46 Within the arterial vessel and aortic Wall. 

[0063] Another embodiment of venous catheter 20 is 
shoWn in FIG. 7 Which permits the spacing betWeen ?rst and 
second balloons 56 and 60 to be adjustable. Only a single 
balloon need be used This enhances venous circulation 
support catheter’s 20 universality of use. 

[0064] In this embodiment, venous circulation support 
catheter 20 is comprised of a ?rst ?exible cannula 20‘ Which 
is in part slideably contained for slidable axial movement 
relative to a second ?exible cannula 20“. Because of the 
slideable relationship of the ?rst and second ?exible can 
nulas 20‘ and 20“ the distance bet ?rst balloon 56 and second 
balloon 60 can be varied. This slidable relationship permits 
venous circulation support catheter 20 to be used With a 
greater spectrum of patients. 

[0065] Venous circulation support catheter 20 has one or 
more ori?ces 64 located in distal end 28 Which redirect 
blood ?oWing through superior vena cava 54 toWard the 
right atrium Where The blood is transported through venous 
circulation support catheter 20 to extracorporeal support 
apparatus 12. Blood ?oWing through inferior vena cava 62 
is prevented from reaching the right atrium by the in?ation 
of second balloon 60. Blood ?oWs through second venous 
return ports 70 into venous circulation support catheter 20 
Where the blood is transported to extracorporeal support 
apparatus 12. Distal end 28 of venous circulation support 
catheter 20 may have an associated distal sensor. The distal 
sensor may be coated With a pieZoelectric material, made of 
a suitable ultrasound re?ective material, or be a radiopaque 
marker for ?uoroscopically imaging the location of distal 
end 28 of venous circulation support catheter 20. Addition 
ally, one or more steering Wires may be included to provide 
articulation and promote passage of venous circulation sup 
port catheter 20 through the venous circulation. Venous 
circulation support catheter 20 may include one or more 
different cavities or lumens Which provide for the introduc 
tion and expulsion of blood to and from the venous circu 
lation. 

[0066] An embodiment illuming total isolation of the heart 
is shoWn in FIG. 10, described later on in this speci?cation. 
Although not shoWn in the ?gures, isolation of the heart may 
be achieved by utiliZing tWo venous circulation support 
catheters 20 of substantially identical construction. These 
catheters each have an in?atable balloon 60 at their distal 
ends 28. One of the catheters 20 is inserted through a 
peripheral vein the jugular vein for example, distal end 28 is 
advanced into superior vena cava 54 and positioned to 
occlude superior vena cava 54 at atrio-caval junction 58. 
Ori?ces located proximally of balloon 60 permit blood 
?oWing toWard the right atrium to be diverted into a lumen 
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Within venous circulation support catheter 20 for transport to 
extracorporeal support apparatus 12. Similarly, second 
venous circulation support catheter 20 is inserted through 
the femoral vein and advanced and positioned in inferior 
vena cava 62 at atrio-caval junction 58. Balloon 60 is then 
in?ated and blood ?oW redirected through one or more 
ori?ces located proximally of balloon 60 to extracorporeal 
support apparatus 12. 

[0067] Arterial circulation support catheter 18 of FIG. 8 
provides an extended distal end 24 Which may pass across 
aortic valve 48 and into left ventricle 50 to provide direct 
venting. A cardioactive agent 37 can be delivered into the 
aortic root, as in the above-described embodiments of arte 
rial circulation support catheter 18, or the same ?oW path 
may be used for aspiration of the aortic root. Extended distal 
end 24 of arterial circulation support catheter 18 is posi 
tioned in aortic arch 40 after balloon 46 Where ?rst ?exible 
cannula 18‘ is extendable from second ?exible cannula 18“. 
One or more ?oW lumens are included in ?rst ?exible 
cannula 18‘ to provide for blood venting from left ventricle 
50 to extracorporeal support apparatus 12. 

[0068] A speci?c embodiment for venting using arterial 
circulation support catheter circuit 98 is illustrated in FIG. 
9. These elements provide for injection of cardioactive agent 
37, venting of the aortic root, balloon 46 in?ation and 
de?ation, arterial circulation of blood from the bypass pump, 
and left ventricle 50 decompression. Arterial circulation 
support catheter 18 may also be inserted into ascending 
aortic arch 40 after a sternotomy has been performed and the 
heart exposed. 

[0069] Distal end 24 is positioned in left ventricle 50 
Where blood may be suctioned through one or more arterial 
venting ori?ces 106. Arterial circulation support catheter 18 
alloWs blood in left ventricle 50 to be vented. Simulta 
neously, blood present in the aortic root may also be vented 
through one or more venting ori?ces 102. Cardioactive 
agent 37 may thereafer be infused through venting ori?ce 
102 through a vent lumen 72, and the solution Will ?oW into 
the coronary arteries and stop the heart. 

[0070] FIG. 10 illustrates an embodiment Where total 
isolation of the heart is achieved. Arterial circulation support 
catheter 18 is advanced through the femoral artery and 
positioned such that balloon 46 may be in?ated to occlude 
the aorta cephalad of the aortic root. Oxygenated blood is 
then delivered through blood lumen 74, or alternatively 
through vent lumen 72, into arterial circulation. Vent lumen 
72, blood lumen 74 or infusion lumen 76 delivers cardio 
active agent 37 to arrest the heart, provide venting the aortic 
root and provide extension of distal end 24 into left ventricle 
50 across the aortic valve. This permits decompression of 
left ventricle 50 before the right atrium is isolated by 
in?ation of balloon 56 and/or balloons 56 and 60. 

[0071] Another method for providing extracorporeal cir 
culation support during heart surgery includes using tWo 
arterial circulation support catheters 18. Both are advanced 
into aortic arch 40. Venous circulation support catheter 20 is 
then positioned to preclude blood ?oW into the right atrium. 
Passage of blood from the aortic root into the systemic 
arterial circulation is occluded. Cardioactive agent 37 is then 
infused into the aortic root to arrest the heart and the aortic 
root is then vented. The right atrium and the heart are 
isolated. Total heart isolation is achieved. 
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[0072] The foregoing description of a preferred embodi 
ment of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise forms disclosed. 
Obviously, many modi?cations and variations Will be appar 
ent to practitioners skilled in this art. It is intended that the 
scope of the invention be de?ned by the folloWing claims 
and their equivalents. 

What is claimed is: 
1. An extracorporeal support system coupled to a blood 

circulation, comprising: 

an extracorporeal support apparatus; 

an arterial circulation support catheter With a proximal 
end coupled to the extracorporeal support apparatus 
and a distal end inserted into the blood circulation, the 
arterial circulation support catheter including a blood 
lumen and a vent lumen With a distal end that crosses 
the aortic valve into the left ventricle for direct venting 
of the left ventricle through the vent lumen; 

an arterial circulation support catheter occluding member 
positioned in an interior or at an exterior of the arterial 
circulation support catheter; 

a venous circulation support catheter With a proximal end 
coupled to the extracorporeal support apparatus and a 
distal end inserted into the blood circulation, the 
venous circulation support catheter including a blood 
lumen; and 

a venous circulation support catheter occluding member 
to occlude the superior vena cava and the inferior vena 
cava, the venous circulation support catheter occluding 
member being positioned in an interior or at an exterior 
of the venous circulation support catheter. 

2. The system of claim 1, Wherein the extracorporeal 
support apparatus includes an outlet port for the delivered of 
re-oxygenated blood to the blood circulation, and an inlet 
port for receiving blood from the blood circulation. 

3. The system of claim 2, Wherein the arterial circulation 
support catheter proximal end is coupled to the outlet port, 
and the venous circulation support catheter proximal end is 
coupled to the inlet port. 

2. The system of claim 1, further comprising: 

an arterial circulatory support occluding member lumen 
coupled to the arterial circulatory support occluding 
member and positioned in the arterial circulation sup 
port catheter. 

3. The system of claim 1 and 2, Wherein the arterial 
circulatory support occluding member is slideably posi 
tioned in the blood lumen or the arterial circulation support 
occluding member lumen. 

4. The system of claim 1, Wherein the arterial circulation 
support catheter occluding member is a clamp. 

5. The system of claim 1, further comprising: 

a venous circulation support catheter occluding member 
lumen coupled to the venous circulation support cath 
eter occluding member and positioned in the venous 
circulation support catheter. 

6. The system of claims 1 and 5, Wherein the venous 
circulation support catheter occluding member is slideably 
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positioned in the venous circulation support catheter blood 
lumen or the venous circulation support catheter occluding 
member lumen. 

7. The system of claim 1, Wherein the vent lumen provides 
infusion capability into the left ventricle. 

8. The system of claim 1, Wherein the arterial circulation 
support catheter occluding member is a balloon. 

9. The system of claim 1, Wherein the arterial circulation 
support catheter includes tWo occluding members. 

10. The system of claim 1, Wherein the arterial circulation 
support catheter further comprises: 

an infusion lumen including a distal end that introduces an 
infusion medium into the aortic root, Wherein the 
infusion lumen is positioned in the interior or at the 
exterior of the arterial circulation support catheter. 

11. The system of claim 10, Wherein the infusion lumen 
is positioned in the blood lumen. 

12. The system of claim 10, Wherein the infusion lumen 
is positioned in the arterial circulation support catheter 
adjacent to the blood lumen. 

13. The system of claim 10, Wherein the infusion lumen 
introduces an infusion medium into the aortic root and vents 
mediums from the aortic root simultaneously or at alterna 
tive times. 

14. The system of claim 1, Wherein the arterial circulation 
support catheter further comprises: 

an international lumen including a distal end that intro 
duces a diagnostic or therapeutic device into the blood 
circulation, Wherein the interventional lumen is posi 
tioned in the interior or at the exterior of the arterial 
circulation support catheter. 

15. The system of claim 14, Wherein the interventional 
lumen is positioned in the blood lumen. 

16. The system of claim 14, Wherein the infusion lumen 
is positioned in the arterial circulation support catheter 
adjacent to the blood lumen. 

17. The system of claim 1, Wherein the extracorporeal 
support apparatus includes a device to re-oxygenate blood. 

18. The system of claim 17, Wherein the extracorporeal 
support apparatus further includes a temperature control 
device to cool the heart and assist in stopping the heart from 
beating, and subsequently heat the heart to assist in initiating 
the heart to beat. 

19. The system of claim 18, Wherein the ?irter compris 
mg: 

a ?brillation and de?brillation apparatus coupled to the 
heart. 

20. The system of claim 1, Wherein the arterial circulatory 
support catheter occluding member is positioned in the 
ascending aorta. 

21. The system of claim 10, Wherein the infusion medium 
is a cardio-active agent. 

22. The system of claim 10, Wherein the infusion medium 
is one or more contrast agents. 

23. The system of claim 10, Wherein the infusion medium 
is an iontropic agent. 

24. The system of claim 1, Wherein the venous circulation 
support catheter occluding member includes tWo occluding 
members. 

25. The system of claim 24, Wherein the tWo occluding 
members are balloons. 

26. The system of claim 24, Wherein the occluding 
members are adjustably positioned relative to each other. 
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27. The system of claim 1, Wherein the venous circulation 
support catheter further composes: 

an infusion lumen including a distal end that introduces an 
infusion medium into the venous circulation, Wherein 
the infusion lumen is positioned in the interior or at the 
exterior of the venous circulation support catheter. 

28. The system of claim 27, Wherein the infusion lumen 
is positioned in the blood lumen. 

29. The system of claim 27, Wherein the infusion lumen 
is positioned in the venous circulation support catheter 
adjacent to the blood lumen. 

30. The system of claim 27, Wherein the infusion lumen 
introduces an infusion medium into the blood circulation 
and vents mediums from the blood circulation simulta 
neously or at alternatively. 

31. The system of claim 1, Wherein the venous circulation 
support catheter further comprises: 

an interventional lumen including a distal end that intro 
duces a diagnostic or therapeutic device into the blood 
circulation, Wherein the interventional lumen is posi 
tioned in the interior or at the exterior of the venous 
circulation support catheter. 

32. The system of claim 25, Wherein the interventional 
lumen is positioned in the blood lumen. 

33. The system of claim 25, Wherein the interventional 
lumen is positioned in the venous circulation support cath 
eter adjacent to the blood lumen. 

34. The system of claim 30, Wherein the infusion medium 
is a cardio-active agent. 

35. The system of claim 30, Wherein the infusion medium 
is one or more contrast agents. 

36. The system of claim 30, Wherein the infusion medium 
is an iontropic agent. 

37. The system of claim 31, Wherein the interventional 
lumen introduces a therapeutic device. 

38. The system of claim 31, Wherein the interventional 
lumen permits balloon valvuloplasty. 

39. An extracorporeal support system coupled to a blood 
circulation, comprising: 

an extracorporeal support apparatus; 

an arterial circulation support catheter including a blood 
lumen With a proximal end coupled to the extracorpo 
real support apparatus and a distal end inserted into the 
blood circulation; 

an arterial circulation support catheter occluding member 
positioned in an interior or at an exterior of the arterial 
circulation support catheter; 

a vent lumen With a distal end positioned in the left 
ventricle and provide direct venting of the left ven 
tricle, Wherein the vent lumen is positioned in the 
interior or the exterior of the arterial circulatory support 
lumen. 

a venous circulation support catheter including a blood 
lumen With a proximal end coupled to the extracorpo 
real support apparatus and a distal end inserted into the 
blood circulation; and 

a venous circulation support catheter occluding member 
to occlude the superior vena cava and the inferior vena 
cava, the venous circulation support catheter occluding 
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member being positioned in an interior or at an exterior 
of the venous circulation support catheter. 

40. The system of claim 39, Wherein the distal end of the 
vent lumen crosses the aortic valve. 

41. The system of claim 39, Wherein the vent lumen is 
positioned in the arterial circulation support catheter blood 
lumen. 

42. A method for venting a left ventricle of a heart, 
comprising: 

providing an eXtracorporeal circulation support system 
including an eXtracorporeal support apparatus, a 
venous circulation support catheter, an arterial circula 
tion support catheter and a vent lumen; 

introducing the arterial circulation support catheter into a 
blood circulation; 
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introducing the venous circulation support catheter into 
the blood circulation; 

positioning a vent lumen distal end into a left ventricle of 
the heart; and 

venting the left ventricle rough the vent lumen. 
43. The method of claim 42, Wherein a proXimal end of 

the arterial circulation support catheter is coupled to an 
outlet port of the eXtracorporeal support device. 

44. The method of claim 43, Wherein a proXimal end of 
the venous circulation support catheter is coupled to an inlet 
port of the eXtracorporeal support device. 

45. The method of claim 42, Wherein the left ventricle is 
directly vented through the vent lumen. 

* * * * * 


