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(57) ABSTRACT 
Aprocess for inducing cardioplegic arrest of a heart in situ 
in a patients body. comprising maintaining the patient’s 
systemic circulation by peripheral cardiopulmonary by-pass, 
occluding the ascending aorta through a percutaneously 
placed arterial balloon catheter, venting the left side of the 
heart, and introducing a cardioplegic agent into the coronary 
circulation. This procedure readies the heart for a variety of 
surgical procedures that can be performed percutaneously 
through lumina in the catheter. An aortic catheter for use in 
the process is also described. 
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METHOD FOR INTRALUMINALLY INDUCING 
CARDIOPLEGIC ARREST AND CATHETER FOR 

USE THEREIN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
application Serial No. 09/085,760, ?led May 28, 1998, 
Which is a divisional of application Serial No. 08/879,545 
?led Jun. 20, 1997, noW issued as US. Pat. No. 5,762,624, 
Which is a continuation of application Serial No. 08/ 614,634 
?led Mar. 13, 1996, noW abandoned, Which is a divisional of 
application Serial No. 08/427,384 ?led Apr. 24, 1995, noW 
issued as US. Pat. No. 5,752,496, Which is a divisional of 
application Serial No. 08/159,815 ?led Nov. 30, 1993, noW 
reissued as US. Pat. No. RE35352. The complete disclo 
sures of all of these applications are hereby incorporated 
herein by reference for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method for 
inducing cardioplegic arrest in a heart and to catheters for 
use in that method. 

BACKGROUND OF THE INVENTION 

[0003] The use of eXtracorporeal cardiopulmonary by 
pass for cardiac support has become Well established. This 
use has, hoWever, involved median stemotomy or less com 
monly thoracotomy With all of the trauma that necessarily 
accompanies such a major surgical procedure. 

[0004] The present invention contemplates, at least in its 
preferred embodiments, the possibility of effective ascend 
ing aortic occlusion, cardioplegia, venting, right heart de?a 
tion and topical cooling in association With eXtracorporeal 
cardiopulmonary bypass all Without necessitating a median 
sternotomy or other thoracic incision. 

DISCLOSURE OF THE INVENTION 

[0005] In a ?rst aspect the present invention consists in a 
method for inducing cardioplegic arrest of a heart in situ in 
a patient’s body, comprising the steps of: 

[0006] (a) maintaining systemic circulation With 
peripheral cardiopulmonary by-pass; 

[0007] (b) occluding the ascending aorta through a 
percutaneously placed arterial balloon catheter; 

[0008] (c) introducing a cardioplegic agent into the 
coronary circulation; and 

[0009] (d) venting the left side of the heart. 

[0010] The method according to the present invention may 
be carried out on humans or other mammalian animals. The 
method is of particular applicability in humans as it alloWs 
an alternative approach to open heart surgery and the devel 
opment of closed cardioscopic surgery. The method accord 
ing to the invention enables a percutaneous by-pass system 
to be associated With cardioplegia, venting and cooling of 
the heart Which subverts the need for median stemotomy. 
This may, in turn, reduce the complications of the surgery. 

[0011] The maintenance of the systemic circulation 
involves establishing a cardiopulmonary by-pass. The blood 
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may be draWn into the by-pass merely by positioning a 
percutaneous catheter into the right atrium and/or into one or 
both of the vena cavae through Which venous blood may be 
draWn from the heart into an eXtracorporeal pump oXygen 
ator. In more preferred embodiments of the invention a 
single catheter With tWo in?atable cuffs, or tWo separate 
catheters, each With an in?atable cuff are introduced into the 
vena cavae to occlude them adjacent to their right atrial 
inlets. This alloWs isolation of the right atrium and alloWs 
blood to be draWn from the vena cavae into the by-pass 
system. There is also preferably provision for percutaneous 
communication via one catheter With the right atrium to 
alloW infusion of saline into the right atrium. This infusion 
has the advantage that it alloWs the heart to be cooled and 
improves visual acuity Within the right heart alloWing direct 
cardioscopic examination and/or intervention. 

[0012] The catheter used to decompress the right atrium 
and to draW blood into the by-pass is preferably introduced 
through the femoral vein by percutaneous puncture or direct 
cut doWn. If other than simple venous drainage is required 
catheters With in?atable cuffs, as described above, are placed 
preferably such that in in?atable cuff of the cannula is 
positioned Within each of the inferior (suprahepatic) and 
superior vena cavae. There is preferably a lumen in the 
cannula acting as a common blood outlet from the vena 
cavae leading to the pump oXygenator. A separate lumen is 
preferably used to infuse saline betWeen the tWo in?ated 
cuffs into the right atrium. If, alternatively, separate catheters 
are used to occlude each of the inferior and superior vena 
cavae than the cannula for the inferior vena cavae is pref 
erably introduced percutaneously from the femoral vein and 
that for the superior vena cavae is introduced percutaneously 
through the jugular or subclavian vein. 

[0013] The ascending aorta is preferably occluded by a 
balloon catheter introduced percutaneously through the 
femoral artery. This catheter must carry adjacent its tip an 
in?atable cuff or balloon of suf?cient siZe that upon being 
in?ated it is able to completely occlude the ascending aorta. 
The length of the balloon should preferably not be so long 
as to impede the ?oW of blood or other solution to the 
coronary arteries or to the brachiocephalic, left carotid or left 
subclavian arteries. A balloon length of about 40 mm and 
diameter of about 35 mm is suitable in humans. The balloon 
is of a cylindrical shape to fully and evenly accommodate 
the lumen of the ascending aorta. This maXimiZes the 
surface area contact With the aorta, and alloWs for even 
distribution of occlusive pressure. 

[0014] The balloon of the catheter is preferably in?ated 
With a saline solution to avoid the possibility of introducing 
into the patient an air embolism in the event that the balloon 
ruptured. The balloon should be in?ated to a pressure 
suf?cient to prevent regurgitation of blood into the aortic 
root and to prevent migration of the balloon into the root 
Whilst not being so high as to cause damage or dilation to the 
aortic Wall. An intermediate pressure of the order of 350 
mmHg has been proven effective in trials. 

[0015] The aortic catheter is preferably introduced under 
?uoroscopic guidance over a suitable guideWire. Transoe 
sophageal echocardiography can alternatively be used for 
positioning as has been described With reference to the 
venous catheter. The catheter may serve a number of sepa 
rate functions and the number of lumina in the catheter Will 
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depend upon hoW many of those functions the catheter is to 
serve. The catheter can be used to introduce the cardioplegic 
agent, normally in solution, into the aortic root via one 
lumen. The luminal diameter Will preferably be such that a 
?oW of the order of 250-500 ml/min of cardioplegic solution 
can be introduced into the aortic root under positive pressure 
to perfuse adequately the heart by Way of the coronary 
arteries. The same lumen can, by applying negative pressure 
to the lumen from an outside source, effectively vent the left 
heart of blood or other solutions. It may also be desirable to 
introduce medical instruments and/or a cardioscope into the 
heart through another lumen in the catheter. The lumen 
should be of a diameter suitable to pass a ?bre-optic light 
camera of no greater than 3 mm diameter. It is hoWever, 
preferable that the diameter and cross-sectional design of the 
internal lumina is such that the external diameter of the 
catheter in its entirety is small enough to alloW its introduc 
tion into the adult femoral artery by either percutaneous 
puncture or direct cut-doWn 

[0016] The oxygenated blood returning to the body from 
the by-pass system may be conveyed into the aorta from 
another lumen in the cannula carrying the balloon. In this 
case the returning blood is preferably discarded from the 
catheter in the external iliac artery. In another embodiment 
of the invention, and in order to reduce the diameter of the 
catheter carrying the balloon, a separate arterial catheter of 
knoWn type may be used to return blood to the patient from 
the by-pass system. In this case a short catheter is positioned 
in the other femoral artery to provide systemic arterial blood 
from the by-pass system. The control end of the catheter, i.e. 
that end that remains outside of the body, should have 
separate ports of attachment for the lumina. The catheter 
length should be approximately 900 mm for use in humans. 

[0017] The cardioplegic agent may be any of the knoWn 
materials previously knoWn to be useful, or in the future 
found to be useful, as cardiopiegic agents. The agent is 
preferably infused as a solution into the aortic root through 
one of the lumina of the aortic catheter. 

[0018] In another aspect the present invention consists in 
a catheter for use in occluding the ascending aorta compris 
ing an elongate tube having one or more continuous lumina 
along its length, an in?atable cuff is disposed about the tube 
adjacent one end thereof, the cuff being of such a siZe that 
upon being in?ated it is able to occlude the ascending aorta 
of a patient. 

[0019] The catheter and method according to the present 
invention can be used to induce cardioplegic arrest and may 
be used in a number of surgical procedures. These include 
the folloWing: 

[0020] 1. Coronary artery revasculariZation such as: 

[0021] (a) angioscopic laser introduction or angio 
scopic balloon angioplasty catheter into the coronary 
arteries via one lumen of the aortic catheter, or 

[0022] (b) thoraco dissection of one or both of the 
mammary arteries With revasculariZation achieved 
by distal anastomoses of the internal mammary arter 
ies to coronary arteries via a small left anterior 
thoracotomy. 

[0023] 2. Secundum—type atrial septal defect repair 
such as by: 
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[0024] (a) “Closed” cardioscopic closure, or 

[0025] (b) Closure as an “open” procedure via a 
mini-right thoracotomy. 

[0026] 3. Sinus venosus defect repairs similar to 2 
above. 

[0027] 4. Infundibular stenosis relief by cardioscopic 
techniques. 

[0028] 5. Pulmonary valvular stenosis relief by cardio 
scopic techniques. 

[0029] 6. Mitral valve surgery via a small right thora 
cotomy. 

[0030] 7. Aortic stenosis relief by the introduction of 
instrumentation via a lumen in the aortic catheter into 
the aortic root. 

[0031] 8. Left ventricular aneurysm repair via a small 
left anterior thoracotomy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Hereinafter given by Way of example are preferred 
embodiments of the present invention described With refer 
ence to the accompanying draWings in Which: 

[0033] FIG. 1 is a schematic partly cut-aWay representa 
tion of a patient’s heart having percutaneous catheters 
placed therein for carrying out the method according to the 
present invention: 

[0034] FIG. 2 is a similar vieW to FIG. 1 shoWing the 
aortic catheter in position but including an angioscope and 
a left ventricular venting cannula introduced into the aortic 
root and left ventricle respectively, via separate lumina 
Within the aortic catheter: 

[0035] FIG. 3 is a front elevational vieW of part of the 
vascular system or a patient shoWing, inter alia, the aortic 
balloon catheter positioned in the ascending aorta via the 
femoral artery: 

[0036] FIG. 4 is a side elevational vieW of the control end 
of the aortic catheter according to the present invention: 

[0037] FIG. 5 is a partly cut aWay side elevational vieW of 
the balloon end of the catheter of FIG. 4 in an in?ated 
condition: 

[0038] FIG. 6a is a cross-sectional vieW of the catheter of 
FIG. 4 intermediate the control end and the balloon end; 

[0039] FIG. 6b is an alternative cross-sectional arrange 
ment of the lumina in the catheter of FIG. 4; 

[0040] FIG. 7 is a cross-sectional vieW through the bal 
loon end of the catheter of FIG. 4; 

[0041] FIGS. 8a and 8b shoW schematically tWo alterna 
tive arrangements to the catheter shoWn in FIG. 4; 

[0042] FIGS. 9a and 9b shoW schematically tWo alterna 
tive catheter arrangements for the isolation of the right 
atrium and venous drainage. 

BEST METHOD OF CARRYING OUT THE 
INVENTION 

[0043] The heart 10 of FIGS. 1 and 2 is positioned in the 
living body of a patient and is accessed percutaneously. 
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[0044] In order to induce cardioplegia in the heart While 
maintaining the patient it is necessary to divert the patient’s 
blood circulation through an extracorporeal cardiopulmo 
nary by-pass system. This is achieved by isolating the heart 
10 on both the venous and arterial sides using appropriate 
percutaneously inserted venous catheter 11, aortic balloon 
catheter 12, and if this catheter 12 doesn’t have provision for 
arterial blood return, arterial catheter 39 (see FIG. 3). The 
venous out?oW and arterial in?oW lumina of the catheters 11 
and 12 of the by-pass system are of sufficient cross sectional 
area to achieve standard blood ?oWs to maintain the 
patient’s systemic circulation during the period of extracor 
poreal circulation. 

[0045] In the case of the use of a single venous double 
ballooned catheter 11, as is shoWn in FIG. 1, the catheter 11 
is inserted through the femoral vein preferably. A suitable 
guide Wire is initially inserted and the catheter 11 is then 
introduced in knoWn manner under ?uoroscopic guidance. 
The catheter 11 includes a pair of separately in?atable 
balloons 14 and 15 each connected to a balloon in?ation 
control device (not shoWn) through suitable lumina in the 
catheter 11. The balloon 14 is adapted to occlude the 
superior vena cavae 16 While the balloon 15 is adapted to 
occlude the suprahepatic inferior vena cavae 17. A blood 
WithdraWal lumen in the catheter 11 has an inlet ori?ce 18 
?ush With the balloon 14, to avoid venous collapse during 
blood ?oW into the catheter 11, and a series of inlet slots 19 
in the inferior vena cavae. Blood draWn into the inlets 18 and 
19 enters a common single lumen. Blood draWn into the 
by-pass system through the catheter 11 is oxygenated and 
returned to the patient in a manner Which Will be hereinafter 
described. 

[0046] A separate lumen in the catheter 11 opens into the 
right atrium 22 through aperture 21 to alloW evacuation of 
blood from the right heart and the infusion of saline to 
induce topical cooling and/or to improve visual acuity 
Within the right heart. 

[0047] In use, after the catheter 11 has been positioned the 
balloons may be in?ated or de?ated to vary the rate of 
venous return to the right atrium 22 and therefore the degree 
of decompression of the left heart. Venous drainage may be 
effected by gravitational drainage or by applying a degree of 
negative pressure to assist ?oW into the pump oxygenator. It 
Will be appreciated that the distance betWeen the balloons 14 
and 15 Will need to be correct for a given patient and this 
may be assessed by X-ray examination to alloW selection of 
an appropriately siZed catheter. Alternatively separate cath 
eters 11b and 11c could be used, as is shoWn in FIG. 9a, for 
the inferior and superior vena cavae. The cannula 11b being 
introduced as has been described above and the cannula 11c 
being introduced through the jugular or subclavian vein. It 
Will also be appreciated that for simple operations not 
requiring complete occlusion of the right atrium it is pos 
sible to merely insert a simple catheter 11 into the right 
atrium to draW blood into the by-pass system as is seen in 
FIG. 2. Positioning under ?uoroscopic guidance is not 
essential in this case. 

[0048] The catheter 12 is positioned in the manner 
described above With its free end located in the ascending 
aorta 23. The catheter 12 is so positioned by insertion 
preferably through the femoral artery 24 and via the 
descending aorta 25 as is seen in FIG. 3. 
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[0049] If desired a ?uoroscopic dye may be introduced 
into the aortic root 26 through the catheter 12 for accurate 
positioning of the tip of the catheter 12 relative to the aortic 
root 26 and the coronary ostia. 

[0050] The catheter 12 carries at its free end a balloon 27. 
The balloon 27 is arranged to be in?ated With saline from an 
in?ation control device 28 of knoWn type through a lumen 
in the catheter 12. The device 28 is ?tted With a pressure 
gauge 29 to alloW the operator to control the in?ation of the 
balloon 27. The pressure of the fully in?ated balloon 27 
should be of the order of 350 mmHg so as to be suf?cient to 
effectively occlude the aorta and to prevent the balloon 
moving While not being so great as to cause damage to the 
aortic Wall. The balloon 27 should have a maximum diam 
eter suf?cient to occlude the aorta and for this purpose the 
maximum diameter should be about 35 mm. The balloon 27 
should have a length of about 40 mm so as not to be so long 
as to occlude or impede blood ?oW to the coronary arteries 
or to the brachiocephalic, subclavian or carotid arteries. If 
necessary in any given patient the required length and 
diameter of the balloon may be determined by angiographic. 
X-ray examination or echocardiography and an appropri 
ately siZed catheter selected on that basis. 

[0051] The balloon 27 is preferably connected to the 
lumen 32 through Which it is in?ated at the end of the 
balloon 27 distal to the tip of the catheter 12 through ori?ce 
31 (see FIG. 5). This alloWs the tip of the catheter to contain 
feWer lumina than the remainder of the catheter. Accommo 
dation of the de?ated balloon around the tip of the catheter 
is thus possible Without adding to the diameter of the tip as 
compared With the rest of the catheter 12. 

[0052] The catheter 12 includes a plurality of lumina (see 
FIGS. 6 and 7). In addition to the balloon in?ation lumen 
32 there is at least a single venting/cardioplegia lumen 33 of 
circular cross-section. There may be a separate and extra 
circular lumen 34 for instrumentation. If tWo lumens are 
present the venting/cardioplegia lumen may be circular or 
crescent shaped in cross-section (FIGS. 6a, 6b). The diam 
eter of the various lumina should be as small as practicable 
commensurate With the intended use. In addition, there may 
be a continuous lumen 35 through Which arterial blood is 
returned from the by-pass. This may ?oW out of the catheter 
12 through an ori?ce in the region of the external iliac artery. 
In alternative embodiments of the invention such as shoWn 
in FIGS. 3 and 8 the arterial return lumen 35 may comprise 
its oWn catheter 39 of knoWn type introduced into the other 
femoral artery or some other suitable artery. 

[0053] In use the catheter 12 is introduced percutaneously 
by puncture or cutdoWn as has been described and once 
blood ?oW through the by-pass is established (including 
systemic cooling) ?oWs are reduced and the balloon 25 is 
in?ated. FloWs are then returned to the operating levels and 
a suitable cardioplegic agent is introduced into the aortic 
root. Once the full volume of cardioplegic agent has been 
given and cardiac arrest achieved, the lumen is then used to 
vent the heart. The heart may then be operated on or 
examined by insertion of instrumentation 37 such as a 
cardioscope or a laser into the heart through the lumen 34 or 
through atrial trocars. Alternatively, With the heart on by 
pass as described above the heart can be approached by an 
open method by an incision other than median sternotomy. 
Venting of the left ventricle may be effected by providing an 
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extended cannula 38 projecting from lumen 33 into the left 
ventricle (see FIG. 2) or by simply applying negative 
pressure to the venting lumen 33 of the aortic catheter. To 
reverse cardioplegic arrest the body is reWarmed and the 
balloon 27 de?ated. Aortic blood is thus alloWed to perfuse 
the heart. Whilst the body remains supported by peripheral 
cardiopulmonary by-pass, the return of the heart rhythm is 
aWaited. External de?brillation my be necessary. Weaning 
from by-pass is then completed in a routine fashion. 

What is claimed is: 
1. A method for inducing cardioplegic arrest of a heart in 

situ in a patient’s body, comprising the steps of: 

(a) maintaining systemic circulation With peripheral car 
diopulmonary by-pass: 

(b) occluding the ascending aorta through a percutane 
ously placed arterial balloon catheter; 

(c) introducing a cardioplegic agent into the coronary 
circulation; and 

(d) venting the left side of the heart. 
2. Amethod as claimed in claim 1 in Which the ascending 

aorta is occluded by a balloon catheter percutaneously 
placed through one of the femoral arteries. 

3. A method as claimed in claim 2 in Which the catheter 
has a lumen or lumina through Which the cardioplegic agent 
or medical instruments and/or a cardioscope may be intro 
duced into the heart and/or through Which the left side of the 
heart is vented. 

4. A method as claimed in claim 1 in Which the systemic 
circulation is maintained through a cardiopulmonary by 
pass that includes a percutaneous catheter introduced into 
the right atrium and/or into one or both of the vena cavae to 
draW venous blood into the cardiopulmonary by-pass. 

5. A method as claimed in claim 4 in Which the percuta 
neous catheter has tWo in?atable cuffs, each cuff being 
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adapted to occlude one of the vena cavae and the percuta 
neous catheter having a lumen or lumenae to draW venous 
blood from each of the vena cavae into the cardiopulmonary 
by-pass. 

6. A method as claimed in claim 5 in Which saline is 
introduced into the right atrium through a lumen in the 
percutaneous catheter Which opens betWeen the tWo cuffs. 

7. A method as claimed in claim 4 in Which the percuta 
neous catheter is introduced into the heart through the 
femoral vein. 

8. A method as claimed in claim 1 in Which the systemic 
circulation is maintained through a cardiopulmonary by 
pass that includes an oXygenated blood return catheter 
introduced into one of the femoral arteries. 

9. A balloon catheter for use in occluding the ascending 
aorta comprising an elongate tube having one or more 
continuous lumina along its length, an in?atable cuff dis 
posed about the tube adjacent one end thereof, the cuff being 
of such a siZe that upon being in?ated it is able to occlude 
the ascending aorta of a patient. 

10. Acatheter as claimed in claim 9 in Which the in?atable 
cuff is of such a length that its occlusion of the ascending 
aorta Will not impede blood ?oW to the coronary arteries 
onto the brachiocephalic, left carotid or left subclavian 
arteries. 

11. Acatheter as claimed in claim 9 in Which the in?atable 
cuff is cylindrical When in?ated and has a length of about 40 
mm and a diameter of about 35 mm When in?ated. 

12. Acatheter as claimed in claim 10 in Which the catheter 
is of a length of about 900 mm. 

13. Acatheter as claimed in claim 9 in Which the in?atable 
cuff is connected to the lumen of the catheter through Which 
it is in?ated at the end of the cuff distal to the adjacent end 
of the catheter. 


