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(57) ABSTRACT 

A direct-access device With a thin-pro?le balloon member is 
used to occlude a blood vessel. The device is ideally suited 

for occluding a patient’s aorta during stopped-heart cardiac 
procedures. The device comprises a ?exible, thin-pro?le 
balloon member Which forms a balloon in combination With 
a tubular member, Which in?ates the thin-pro?le balloon 
member. Together, the balloon member and tubular member 
occlude a blood vessel. The balloon member is attached near 
the distal end of the tubular member. The Width of the 
balloon member’s outer peripheral contact area, Which con 
tacts the inner Wall of the blood vessel, is substantially 
narroWer than the balloon member’s diameter. The balloon 
member is made of a 10W compliance material Which 
prevents the balloon member from expanding by more than 
40% radially and 50% longitudinally after the balloon 
member is initially in?ated under ambient pressure to its 
normal, unstretched shape. The balloon member comprises 
at least one pair of internal ribs Which support the structure 
of the balloon member and prevent the balloon member 
from expanding longitudinally by more than 50%. The 
balloon member With internal ribs may be formed by dip 
ping a mandrel, With grooves or channels formed therein, a 
number of times into liquid polyethylene, polyurethane or 
other similar material. The tubular member comprises a ?rst 
lumen Which carries blood betWeen the patient and an 
external medical device. Another lumen is used to in?ate and 
de?ate the thin pro?le balloon member. Other lumens are 
used to measure blood pressure, introduce cardioplegia 
solution or drugs, and/or compensate for over-in?ation of 
the balloon member. The tubular member is preferably bent 
near the distal end to alloW the balloon member to be 
directly introduced into the blood vessel. 



Patent Application Publication Sep. 12, 2002 Sheet 1 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 2 0f 12 US 2002/0128598 A1 

.70 k 

U612 



Patent Application Publication Sep. 12, 2002 Sheet 3 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 4 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 5 0f 12 US 2002/0128598 A1 



Sep. 12, 2002 Sheet 6 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 7 0f 12 US 2002/0128598 A1 

/761 8 



Patent Application Publication Sep. 12, 2002 Sheet 8 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 9 0f 12 US 2002/0128598 A1 



Patent Application Publication Sep. 12, 2002 Sheet 10 0f 12 US 2002/0128598 A1 

/761 L55 



Patent Application Publication Sep. 12, 2002 Sheet 11 0f 12 US 2002/0128598 A1 

//8 

F/GZ /4,4 

is 

lie? 

is 
/761 M29 



Patent Application Publication Sep. 12, 2002 Sheet 12 0f 12 US 2002/0128598 A1 

F/G. /5 



US 2002/0128598 A1 

BLOOD VESSEL OCCLUSION DEVICE 

PRIORITY CLAIM 

[0001] This application is a division of application No. 
Ser. 09/121,443, ?led Jul. 23, 1998 and claims the bene?t of 
provisional application No. 60,075,024 ?led Feb. 18, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to occlu 
sion devices and methods of use thereof. More speci?cally, 
the present invention relates to balloon occlusion devices for 
performing cardiac bypass or other vascular procedures. 

[0004] 2. Brief Description of the Related Art 

[0005] Coronary artery diseases are often caused by ath 
erosclerosis or narroWing of the small arteries betWeen the 
aorta and the heart muscles. There are several Ways to 
provide blood ?oW around occluded segments of arteries or 
veins, hoWever, the knoWn methods commonly cause a large 
amount of trauma to the patient. One method is to perform 
an “open heart surgery,” Which involves cracking open the 
chest and exposing the heart and treating the vessel directly. 
HoWever, the large incision and surgically cut sternum take 
a long time to heal. 

[0006] In the bypass operation, a section of the saphenous 
vein, or a suitable substitute, is grafted, usually betWeen the 
ascending aorta just above the heart and one or more of the 
coronary arteries beyond the points of blockage. The bypass 
operation is performed With the patient connected to a 
heart-lung machine and the heart is stopped. Because the 
heart is stopped, the heart-lung bypass can damage blood 
cells. Additionally, the patient’s internal body temperature is 
reduced While on a heart-lung bypass to reduce basil 
metabolism and then the body temperature is increased to 
normal When the procedure is over. This thermal change to 
a person’s body can cause damage to the intestinal track as 
Well as causing additional stress to the patient. 

[0007] If the patient is not placed on a heart-lung bypass, 
the aorta is typically partially clamped along its axis to 
create an area of blood stasis and a small channel for blood 
?oW. HoWever, clamping the aorta can cause injury to the 
aorta and can also cause plaque formations to break off into 
the blood stream and cause severe disorders such as strokes 
and emboli. 

[0008] Sometimes, occlusion balloons are inserted 
through the femoral artery up to the blood vessel to be 
occluded. Both clamps and existing occlusion devices com 
monly cause damage to the internal blood vessel Walls and 
the introduce plaque into the patient’s blood stream. Exist 
ing balloons are also likely to move longitudinally along the 
catheter While in the blood vessel, and thus are likely to 
move into the heart or interfere With blood ?oW. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a direct-access 
device With a balloon for occluding blood vessels, and 
methods of use thereof. The invention also relates generally 
to the design and manufacturing of this occlusion device. 
The occlusion device is ideally suited for occluding a 
patient’s aorta during stopped-heart cardiac procedures. 
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[0010] A preferred embodiment of the present device 
comprises a ?exible balloon member Which is attached to 
the exterior of a tubular member to form an in?atable 
balloon. The tubular member includes an in?ation lumen 
Which can be used to in?ate and de?ate the thin-pro?le 
balloon. Together, the balloon member and tubular member 
occlude a blood vessel. The balloon member is preferably 
attached near the distal end of the tubular member. The 
Width of the outer peripheral contact area of the balloon 
member, Which comes in contact With the inner Wall of the 
blood vessel, is substantially narroWer than the balloon 
member’s diameter. The contact area betWeen the balloon 
member and the inner blood vessel Wall is thus reduced over 
prior designs. 
[0011] The balloon member is preferably made of a loW 
compliance material, Which limits the expansion of the 
balloon member to expanding 1% to 40% radially and 1% to 
50% longitudinally after the balloon member is initially 
in?ated under ambient pressure to its normal, unstretched 
shape. In one embodiment, the loW compliance material 
limits the expansion of the balloon member to expanding 
10% to 33% radially and 10% to 40% longitudinally. In one 
embodiment, the loW compliance material comprises poly 
urethane. 

[0012] In addition to the in?ation lumen, the tubular 
member preferably comprises a blood ?oW lumen Which 
carries blood betWeen the patient and an external medical 
device, such as a heart-lung machine. The tubular member 
preferably has other lumens to measure blood pressure and 
introduce a cardioplegia solution and/or drugs. In one 
embodiment, the tubular member is bent near the distal end 
to alloW the balloon member to conveniently be directly 
introduced into and positioned Within the blood vessel. 

[0013] Asigni?cant advantage of the present device is that 
the in?ated balloon member has a thin pro?le at its periph 
ery. In a preferred embodiment, the balloon member pro 
duces a longitudinal contact distance Which is less than 50% 
of (and preferably 20-30% of) the inner diameter of the 
blood vessel. Thus, the thin-pro?le balloon member contacts 
only a narroW segment of the blood vessel When the balloon 
member is in?ated. Because the surface area of contact is 
reduced, the potential damage to the blood vessel commonly 
caused by such contact is also reduced. Another bene?t of 
using a thin-pro?le balloon member is that the balloon 
member is less likely to move longitudinally along the 
catheter While in the blood vessel, and thus less likely to 
move into the heart or interfere With the device’s blood ?oW 
port. 

[0014] Another substantial advantage is the present device 
can be used to occlude the aorta Without the need clamps, 
and thus reduces the likelihood of plaque being introduced 
into the blood stream. 

[0015] Another important advantage results from the lim 
ited compliance of the balloon member. The limited com 
pliance of the balloon member reduces longitudinal stretch 
ing and maintains a small peripheral surface area Which 
comes in contact With the internal blood vessel Wall. This 
prevents the balloon member from blocking the distal end of 
the tubular member or the opening of a branching blood 
vessel, such as the innominate artery. The limited compli 
ance also limits radial stretching, and thus reduces potential 
damage to the blood vessel Wall. In addition, the limited 
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compliance reduces the likelihood of dissections and brea 
koffs of the in?atable balloon member, and reduces the risk 
of the balloon bursting. 

[0016] If the balloon is inserted in the aorta, another 
advantage of the thin-pro?le of the balloon is that it alloWs 
the physician to move the balloon closer to the innominate 
artery (brachiocephalic artery). This creates more Working 
space in the aorta for anastomosis. 

[0017] In one embodiment, the balloon member comprises 
at least one pair of internal ribs Which support the structure 
of the balloon member (maintain its thin pro?le) and prevent 
the balloon member from expanding by more than 1% to 
50% after the balloon member is initially in?ated. In one 
embodiment, the internal ribs limit the longitudinal expan 
sion of the balloon member even further than the limited 
compliance material. These internal ribs interconnect the 
proximal and distal Walls of the balloon member. In one 
con?guration of balloon member, the ribs overlap one 
another and are bonded together. The balloon member With 
internal ribs may be formed by dipping a mandrel, With 
grooves or channels formed therein, a number of times into 
liquid polyethylene, polyurethane or other material With 
similar properties. In other embodiments of the invention, 
the internal ribs feature may be used to limit or control the 
expansion of other types of occlusion balloons, such as 
angioplasty balloons. 

[0018] In another con?guration, the balloon member com 
prises at least one indent or bump along the peripheral edge 
of the balloon member. These indents or bumps help to 
maintain the position of the balloon member Within the 
blood vessel, prevent the balloon member from slipping, and 
reduce the contact area betWeen the balloon and the internal 
Wall of the blood vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a perspective vieW of a direct-access 
blood vessel occlusion device in accordance With the inven 
tion, With the balloon of the device shoWn in an in?ated 
state. 

[0020] FIG. 2 is a partially cut-aWay perspective vieW of 
the occlusion device of FIG. 1. 

[0021] FIG. 3 is a side vieW of the occlusion device, With 
three of the device’s ?ve lumens shoWn in dashed lines. 

[0022] FIG. 4 is a top vieW of the occlusion device taken 
from the line 4-4 of FIG. 3, With three lumens shoWn in 
dashed lines. 

[0023] FIG. 5 illustrates the use of the occlusion device to 
occlude the aorta of a patient, and illustrates one type of 
connector that may be provided at the proximal end of the 
device. 

[0024] FIG. 6 illustrates hoW tWo of the occlusion devices 
may be used to achieve a state of cardiopulmonary bypass. 

[0025] FIG. 7 is a perspective vieW of a mandrel that may 
be used to form the ?exible balloon member of the occlusion 
device. 

[0026] FIG. 8 is a partially cut-aWay perspective vieW of 
an alternative embodiment of the occlusion device, Wherein 
internal ribs are provided Within the balloon member to limit 
the longitudinal expansion of the balloon. 
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[0027] FIG. 9 is a perspective vieW of a mandrel Which 
may be used to form a balloon member of the type shoWn in 
FIG. 8. 

[0028] FIG. 10 is a cross sectional vieW taken along the 
line 10-10 of FIG. 9. 

[0029] FIG. 11 is a perspective vieW of another type of 
mandrel Which may be used to generate balloon members of 
the type shoWn in FIG. 8. 

[0030] FIG. 12 is a cross sectional vieW taken along the 
line 12-12 of FIG. 11. 

[0031] FIGS. 13A and 13B are cross sectional side vieWs 
of other con?gurations of the balloon member. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] The present invention provides a direct-access 
blood vessel occlusion device 30 ideally suited for use 
during a stopped-heart cardiac procedure. In a preferred 
embodiment, as depicted by FIGS. 1-5, the device 30 
comprises a ?exible balloon member 32 Which is attached to 
the outer surface of a multi-lumen tube 34 to form a balloon 
36. The balloon 36 may be in?ated and de?ated using an 
in?ation lumen 40 Which extends axially from a proximal 
end 44 of the tube to port 40‘ Within the interior of the 
balloon 36. A main lumen 46 extends axially through the 
center of the tube 34 and is used to carry blood betWeen the 
patient’s circulatory system and a heart-lung machine (not 
shoWn). In a preferred con?guration, a bend (preferably 
ninety degrees) is formed in the multi-lumen tube 34 proxi 
mal to the balloon 36 to alloW the balloon 36 to easily be 
directly introduced into, and positioning Within, the blood 
vessel to be occluded. In another con?guration (ideally 
suited for occluding the superior vena cava), the multi 
lumen tube 34 is straight Without a bend. 

[0033] FIG. 6 illustrates hoW tWo such devices may be 
used to achieve cardiopulmonary bypass, such as during an 
aortocoronary bypass procedure. For convenience, the ref 
erence characters “a” and “b” are appended to the FIG. 6 
reference numbers to distinguish betWeen the tWo devices. 
The ?rst device 30a is used to occlude and draW blood from 
the patient’s superior vena cava 50. A conventional non 
occluding canula may alternatively be used for this purpose, 
in Which case cardiopulmonary bypass is achieved Without 
occluding the vena cava 50. The blood that is WithdraWn 
using the ?rst device 30a is passed through a heart-lung 
machine (not shoWn) for re-oxygenation. The second device 
30b is used to occlude, and to reintroduce oxygenated blood 
into, the patient’s aorta 54. The procedure by Which the 
devices 30a, 30b are introduced into the blood vessels and 
used to achieve cardiopulmonary bypass is described beloW. 

[0034] An important feature of the device 30 is that the 
in?ated balloon 36 has a thin pro?le at its periphery, and thus 
contacts only a narroW segment of the blood vessel (vena 
cava or aorta) When the balloon is in?ated. By Way of 
background, existing balloon occlusion devices commonly 
produce a longitudinal contact distance (the longitudinal 
distance over Which the in?ated balloon contacts the inner 
Wall of the blood vessel) Which exceeds the inner diameter 
of the blood vessel. In contrast, the device 30 described 
herein produces a longitudinal contact distance Which is less 
than 50% (and preferably 20-30%) of the inner diameter of 
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the blood vessel. Because the area of contact is reduced, the 
potential damage commonly caused by such contact is also 
reduced. The balloon member 32 is preferably substantially 
disk-shaped as shoWn in FIGS. 1 and 2. Alternatively, the 
shape of the balloon member 32 may resemble a spinning 
top. The shape of the balloon member 32 may be designed 
in various con?gurations, but the Width of the outer periph 
eral contact area, Which contacts the inner Wall of the blood 
vessel, remains less than 50% (and preferably 20-30%) of 
the inner diameter of the blood vessel. 

[0035] Another bene?t of using a thin-pro?le balloon is 
that the balloon is less likely to move longitudinally along 
the tube 34 (or catheter) While in the blood vessel, and thus 
less likely to move into the heart or interfere With the 
device’s blood ?oW port. 

[0036] If the balloon 36B is inserted in the aorta 54, 
another advantage is the thin-pro?le of the balloon 36B 
alloWs the physician to move the balloon 36B closer to the 
innominate artery (brachiocephalic artery) 120, and thus 
create more Working space (labelled ‘W’ in FIG. 5) in the 
aorta 54 for anastomosis. This is shoWn in FIG. 5. 

[0037] In another embodiment (not illustrated) of the 
invention, a longer segment of tube is provided distal to the 
bend, and tWo balloons 36 (both of the same general 
construction as in the single-balloon con?guration) are 
spaced apart from one another along this tube segment. The 
tWo balloons are preferably ?uidly coupled to a common 
in?ation lumen of the tube 34. The spacing betWeen the tWo 
balloons is suf?cient to form a Working area for performing 
an anastomosis betWeen the tWo in?ated balloons. The use 
of tWo balloons in this manner prevents blood from ?oWing 
in the region of the anastomosis site during the anastomosis 
procedure, as described generally in US. provisional appli 
cation No. 60/046,977 ?led May 19, 1997. 

[0038] The general construction of the device 30 Will noW 
be described in further detail With reference to FIGS. 1-5. As 
best shoWn by FIGS. 3 and 4, the multi-lumen tube 34 
includes the blood ?oW lumen 46, the in?ation lumen 40, a 
proximal blood pressure lumen 60, a distal blood pressure 
lumen 62, and a cardioplegia lumen 64. Each lumen extends 
axially from the proximal end 44 of the tube 34. The blood 
?oW lumen 46 and the distal blood pressure lumen 62 extend 
to the tapered, distal end 70 of the tube 34. The proximal 
blood pressure lumen 60 and the cardioplegia lumen 64 
extend to respective openings 60‘, 64‘ in the outer surface of 
the tube 34 proximal to the balloon 36. The in?ation lumen 
40 extends to an opening 40‘ Which coincides in position 
With the interior of the balloon 36. A standard barbed ?tting 
76 is provided at the proximal end of the multi-lumen tube 
34 to enable other tubes and connectors to be ?uidly coupled 
to each of the ?ve lumens. 

[0039] In the embodiment illustrated in FIGS. 1-4, the 
proximal end 44 of the multi-lumen tube 34 is in the form 
of a female connector. The female connector enables the 
device 30 to be coupled to the heart-lung machine, pressure 
sensors, and injection valves via a single connection. In the 
embodiment shoWn in FIG. 5, the device 30 is instead 
provided With a standard barbed connector 76 for coupling 
the blood-?oW lumen 46 to the heart-lung machine, and is 
provided With four standard valved luer ?ttings 78 for 
providing access to the smaller lumens 40, 46, 62, 64. Any 
of a variety of other types of connectors can be used. 
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[0040] One or more of the lumens (or additional lumens) 
may, of course, be used for other purposes. For example, the 
in?ation lumen 40 may serve an additional purpose: to 
prevent over-in?ation of the occlusion balloon 36. In a 
preferred embodiment, the proximal end of the in?ation 
lumen 40 is attached to a ?exible tube 118, as shoWn in FIG. 
5. The proximal end of the ?exible tube 118 is attached to an 
over-in?ation balloon (not shoWn). The over-in?ation bal 
loon is attached to a luer connector, Which is attached to a 
luer ?tting. Aone-Way, syringe-activated valve is built inside 
the luer connector. The over-in?ation balloon provides a 
space for sliding the distal part of the valve. In a preferred 
embodiment, the over-in?ation balloon is a ‘Pilot’ balloon 
made by Mallinckrodt Medical, Inc. 

[0041] When the physician inserts a syringe into the luer 
?tting and the valve to in?ate the occlusion balloon 36, a 
component inside the valve moves distally to alloW the 
syringe to insert the in?ation ?uid. If the physician pulls the 
in?ation syringe out, the valve closes (the component inside 
moves proximally) and prevents the occlusion balloon 36 
from losing its in?ation. To de?ate the balloon 36, the 
physician inserts the syringe into the valve and WithdraWs 
the ?uid. 

[0042] When the occlusion balloon 36 begins to in?ate, 
there is no resistance on the balloon 36 as it expands, and 
there is no back pressure in the in?ation lumen 40. But When 
the occlusion balloon 36 comes in contact With the inner 
Walls of the blood vessel, the Walls of the blood vessel create 
resistance on the expanding balloon 36. This creates back 
pressure in the in?ation lumen 40, and the over-in?ation 
check balloon begins to in?ate or bulge. This provides a 
direct signal to the physician that the in?ated occlusion 
balloon 36 has contacted the internal Walls of the blood 
vessel. The threshold pressure level needed to in?ate the 
over-in?ation balloon may also be produced by attempts to 
in?ate the balloon 36 beyond its maximum diameter, even 
though the balloon 36 may not be in contact With the vessel 
Walls. 

[0043] Alternatively, in addition to an over-in?ation bal 
loon, some other pressure indicating device, such as a 
pressure meter, may be used to indicate that the desired 
pressure level has been reached Within the occlusion balloon 
36. This pressure indicating device is ?uidly coupled to the 
occlusion balloon 36. 

[0044] In another embodiment, the over-in?ation check 
balloon or other pressure indicating device is coupled to 
separate lumen (not shoWn) Which runs parallel With the 
in?ation lumen 40 along the tubular member 34 and extends 
to an opening Which coincides in position With the interior 
of the balloon 36, similar to the opening 40‘. 

[0045] The thin-pro?le balloon member 32 is preferably 
formed from a limited compliance material, such as poly 
ethylene, polyurethane, other polymers or any other material 
With similar properties. The balloon member 32 may com 
prise a mixture of materials. The material of the balloon 
member 32 is not fully compliant, like silicone or latex. The 
compliance of the material is preferably selected such that 
the balloon may stretch from 1% to 40% radially and from 
1% to 50% longitudinally after it is initially in?ated under 
ambient pressure to its normal, unstretched shape. In one 
embodiment, the loW compliance material limits the expan 
sion of the balloon member to expanding 10% to 33% 
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radially and 10% to 40% longitudinally. During such expan 
sion, the balloon 32 does not lose its overall shape. The 
Width L (FIG. 3) of the balloon member 32 preferably never 
expands to be more than 50% (and preferably 20-30%) of 
the length of its diameter D. The use of a limited compliance 
material for this purpose reduces longitudinal stretching, and 
thus maintains a small peripheral surface area Which con 
tacts the internal Wall of the blood vessel. The limited 
compliance also prevents the balloon member 32 from 
blocking the distal tip of the tube 34 or blocking the opening 
of a branching blood vessel, such as the innominate artery. 
The limited compliance also reduces the likelihood of dis 
sections and breakoffs of the in?atable balloon 32. 

[0046] The limited compliance material also reduces the 
risk of the balloon bursting, Which is common for silicone or 
latex balloons. The balloon member 32 is made of a suf? 
ciently thick material to be resistant to calci?ed lesions on 
the inner Wall of the blood vessel. 

[0047] With reference to FIG. 3, When the balloon 36 is 
in?ated in free air, the diameter D of the balloon 36 is 
approximately three to ?ve times the peripheral length or 
thickness L of the balloon. The diameter D of the in?ated 
balloon 36 is preferably at least tWice the diameter of the 
tube 34. In a preferred con?guration, the angle A of the 
balloon is approximately 40 degrees. 

[0048] The multi-lumen tube 34 is preferably formed of a 
semi-rigid, translucent material using a conventional extru 
sion process. Polyethylene may be used for this purpose, in 
Which case the balloon member 32 may be bonded to the 
exterior of the tube 34 using a solvent bonding process. In 
a preferred embodiment, as best illustrated by the side vieW 
of FIG. 3, a ninety degree bend 74 is formed in the tube 34 
proximal to the balloon 36. As depicted by FIG. 4, the 
curvature and position of this bend 74 are such that the 
straight, proximal portion of the tube 34 is perpendicular to 
the blood vessel 54 When the balloon 36 is properly oriented 
Within the blood vessel. The bend 74 is preferably formed 
Within the tubing 34 using a heat mandrel Which is inserted 
Within the blood ?oW lumen 46. In another con?guration 
(ideally suited for occluding the superior vena cava), the 
multilumen tube 34 is straight Without a bend. 

[0049] The process by Which the device 30 is used during 
a cardiac bypass procedure Will noW be described With 
reference to FIGS. 5 and 6. For purposes of this description, 
it Will be assumed that the same type of device is used to 
occlude both the vena cava and the aorta. 

[0050] Initially, the physician performs a thoracotomy, 
sternotomy or other procedure to obtain access to the 
patient’s vena cava 50 and aorta 54. The physician then 
selects devices 30a, 30b having balloons 36A, 36B Which 
correspond in diameter to the vena cava 50 and the aorta 54 
(respectively) of the particular patient, and ?uidly couples 
these devices 30a, 30b to the heart-lung machine and the 
various instruments to be used during the procedure. Inci 
sions are then made in the vena cava 50 and the ascending 
aorta 54, and the distal ends of the devices 30a, 30b are 
advanced into the respective blood vessels to position the 
balloons. The balloons are maintained in an unin?ated, 
collapsed state during the insertion process. 

[0051] Once the devices 30a, 30b are positioned Within 
the superior vena cava 50 and the ascending aorta 54, the 
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heart-lung machine is activated such that blood is WithdraWn 
from the vena cava 50 and perfused into the aorta 54. Each 
balloon 36a, 36b is then in?ated by introducing an appro 
priate substance into the interior thereof via the respective 
in?ation lumen 40 (FIGS. 3 and 4). The balloons 36a, 36b 
are preferably in?ated With saline solution or any other 
suitable ?uid. Locking syringes or syringes coupled to 
one-Way valves may be used to in?ate the balloons 36a, 36b. 

[0052] The balloons 36a, 36b expand in diameter by about 
1% to 40% (preferably 10% to 33%) from their initial 
in?ated state during the in?ation process. As illustrated by 
FIG. 5 for the aorta 54, the balloons 36a, 36b press outWard 
against the inner Walls of their respective blood vessels 50, 
54 by a sufficient degree to cause the blood vessel Walls to 
bulge outWard slightly. Such bulging helps to maintain the 
in?ated balloons in position. 

[0053] Once the balloons 36a, 36b have been in?ated, a 
cardioplegia solution is introduced into the heart to stop the 
heart from beating. The cardioplegia solution is preferably 
introduced via the cardioplegia lumen 64 (FIG. 3) of the 
aortic occlusion device 30b, although the cardioplegia 
lumen of the vena cava occlusion device 30a may addition 
ally be used for this purpose. During the subsequent bypass 
or other cardiac procedure, the proximal and distal pressure 
lumens 60, 62 (FIGS. 3 and 4) may be used to monitor the 
pressure on the proximal and distal sides of the in?ated 
balloons 36a, 36b. These lumens 60, 62 may additionally or 
alternatively be used for other purposes, such as to introduce 
drugs into the heart and/or the circulatory system. 

[0054] FIG. 7 illustrates a mandrel 90 Which may be used 
to manufacture the thin-pro?le balloon members 32. The 
mandrel is preferably composed of 304 (or higher) stainless 
steel Which is electropolished after machining. The diameter 
of the mandrel ranges from 1.0 to 1.5 cm in embodiments 
that are used for aortic occlusion. In one preferred embodi 
ment, the diameter is equal to 1.102 cm, and in another 
preferred embodiment, the diameter is equal to 1.416 cm. 
During the manufacturing process, the mandrel 90 is appro 
priately dipped in a liquid polyethylene, polyurethane or 
other solution a sufficient number of times to produce a Wall 
thickness of approximately 0.4 mils to 0.7 mils (Where 1 
mil=0.001 inches). The balloon member 32 is subsequently 
removed from the mandrel, and the tubular segments (not 
shoWn) Which extend aWay from balloon portion in opposite 
directions are trimmed aWay. An appropriate poWder may be 
applied to the balloon material to prevent the balloon Walls 
from sticking together. Finally, the balloon member 32 is 
positioned over and bonded to the multi-lumen tube 34. 

[0055] An optional feature of the balloon member 32 Will 
noW be described With reference to FIGS. 8-12. As illus 
trated by FIG. 8, the balloon member 32 may be provided 
With pairs of internal ribs 94 (one pair visible in FIG. 8) that 
interconnect the proximal and distal Walls of the balloon. 
The use of such ribs 94 impedes the longitudinal expansion 
of the balloon 36 during in?ation, and thus helps to maintain 
the thin pro?le of the balloon 36. In one embodiment, the 
internal ribs limit the longitudinal expansion of the balloon 
36 even further than the limited compliance material. For 
example, if the limited compliance material prevents the 
balloon 36 from expanding longitudinally by more than 
50%, the internal ribs may further limit longitudinal expan 
sion up to only 10%. In the embodiment shoWn in FIG. 8, 
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the tWo ribs 94 that are visible overlap one another and are 
bonded together. At least three pairs of attached ribs of the 
type shoWn in FIG. 8 are preferably provided Within the 
balloon member 32, With the pairs spaced at equal angular 
intervals. 

[0056] In other embodiments of the invention, the internal 
ribs feature may be used to limit or control the eXpansion of 
other types of occlusion balloons, such as angioplasty bal 
loons. 

[0057] FIGS. 9 and 10 illustrate one embodiment of a 
mandrel 90‘ that can be used to form a balloon member 32 
of the type shoWn in FIG. 8. Each face of the mandrel (only 
one face visible in FIG. 9) has eight grooves or channels 96 
formed therein to form eight pairs of ribs. These channels 96 
become ?lled during the dipping process to form the ribs. As 
illustrated by the cross-sectional vieW of FIG. 10 for a single 
channel pair, each pair of ribs 94 is formed using a pair of 
overlapping channels 96 that are angularly offset from one 
another. After the balloon member 32 is removed from 
mandrel 90‘, the corresponding ribs 94 are manually glued 
together. A mandrel that produces non-overlapping ribs can 
alternatively be used, in Which case the proXimal and distal 
Walls of the balloon member 32 are squeeZed toWards one 
another during the gluing process to cause the ribs to 
overlap. 

[0058] FIGS. 11 and 12 illustrate an alternative mandrel 
con?guration Which can be used to form the ribbed balloon 
member 32. In this con?guration, the channels of the man 
drel 90‘ of FIGS. 9 and 10 are replaced With corresponding 
protrusions 98 Which eXtend longitudinally outWard from 
each face of the mandrel 90“. To form a balloon 36 of the 
type shoWn in FIG. 8, the mandrel 90“ is initially dipped in 
a liquid polyethylene, polyurethane or other solution to form 
a balloon member 32 having ribs Which eXtend outWard 
from the outer surface of the balloon member. This balloon 
member is then inverted (turned inside out) so that these ribs 
reside Within the balloon member. The corresponding ribs 
are then glued together, and the inverted balloon member is 
bonded to the multi-lumen tube 34. 

[0059] FIGS. 13A and 13B illustrate tWo alternative 
con?gurations of the ?exible, in?atable balloon member in 
accordance With the present invention. The balloon member 
100 has a channel, groove or indent 106 formed circumfer 
entially around the balloon’s perimeter to form tWo ridges or 
peaks 104, 108. This indent 106 may be formed by using a 
mandrel With a desired indent formed therein. A solvent or 
adhesive may be applied in the indent 106 to hold the indent 
106 in place after the balloon member 100 is removed from 
the mandrel. Alternatively, the indent 106 may be formed by 
manually pushing the balloon member 100 inWard and 
applying a solvent or adhesive in the indent 106 to hold the 
indent 106 in place. The inner edges of the tWo peaks 104, 
108 are held together by the adhesive, but the Whole balloon 
member 100 remains ?exible for in?ation and de?ation. The 
angle labelled ‘B’ of the indent 106 is preferably 20 degrees. 
The angle labelled ‘C’of the tWo peaks 104, 108 is prefer 
ably 30 degrees. The con?guration in FIG. 13B is similar to 
the one in FIG. 13A eXcept the peaks contain internal ribs 
110, 112, 118, 120 Which preferably eXtend around the 
circumference of the balloon 102. The con?gurations in 
FIG. 13A and 13B are used in generally the same manner 
as the con?gurations described above. 
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[0060] The indent in balloons 100, 102 as shoWn in FIGS. 
13A and 13B may eXtend around the entire peripheral edge 
of the balloon 100, 102, i.e. 360 degrees. Alternatively, the 
indent may be provided in select places around the outer 
peripheral contact area. For eXample, in one con?guration, 
the indents may be from 30 to 60 degrees, from 120 to 150 
degrees, from 210 to 240 degrees, and from 300 to 330 
degrees. In other embodiments (not shoWn), the indents 
along the outer peripheral contact area are not evenly 
distributed. For eXample, the indents may be a series of 
bumps, Zig-Zags, or cross-hatches on the outer peripheral 
contact area. These indents do not divide the outer peripheral 
contact area into tWo distinct peaks, but these indents may 
serve some of the same purposes as the indent and tWo peaks 
con?guration. Any other indent pattern may be used, such 
that the pattern preferably does not interfere With occlusion 
of the blood vessel, i.e. interfere With the seal created by the 
outer peripheral contact area against the inner Wall of the 
blood vessel. These con?gurations may be made by a 
mandrel With a series of bumps, Zig-Zags or cross-hatches 
along the peripheral edge. 

[0061] One purpose for the indent shoWn in FIGS. 13A 
and 13B is to hold the balloon member 100, 102 in position 
Within the blood vessel and prevent the balloon member 
from sliding Within the blood vessel. The tWo peripheral 
edges provide a better distribution of forces. In other Words, 
When one peak 104 starts to slide, the other peak 108 
compensates and holds the balloon member in place. Thus, 
the tWo peripheral edge con?guration tends to maintain the 
position of the balloon member Within the blood vessel 
better than a single peripheral edge. 

[0062] Another purpose of the indent is to maintain the 
thin pro?le of the balloon 100, 102. Another purpose is to 
limit the compliance of the balloon 100. Another purpose is 
to reduce the surface area of the peripheral edge of the 
balloon 100, 102 Which comes in contact With the internal 
blood vessel Wall. In the embodiments described herein, the 
peripheral contact area produced by the indented balloon 
members 100, 102 is less than the contact area produced by 
the unindented balloon member 32. Reducing the contact 
surface area reduces the risk of damage to the blood vessel. 

[0063] While embodiments and applications of this inven 
tion have been shoWn and described, it Will be apparent to 
those skilled in the art that various modi?cations are pos 
sible Without departing from the scope of the invention. It is, 
therefore, to be understood that Within the scope of the 
appended claims, this invention may be practiced otherWise 
than as speci?cally described. 

What is claimed: 
1. A method of occluding a blood vessel comprising: 

directly inserting a ?eXible balloon member and a tubular 
member through an incision in the blood vessel With 
the balloon member in an unin?ated, collapsed state 
during insertion, said balloon member having an outer 
peripheral contact Width Which comes in contact With 
the inner Wall of the blood vessel during occlusion, said 
outer peripheral contact Width being substantially nar 
roWer than the diameter of the balloon member, said 
tubular member combining With the balloon member to 
form an in?atable balloon; and 
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in?ating the balloon member inside the blood vessel to 
occlude the blood vessel such that the balloon member 
contacts the inner Wall of the blood vessel along a 
longitudinal length Which is substantially less than the 
diameter of the balloon member. 

2. The method of claim 1, Wherein the blood vessel is an 
aorta. 

3. The method of claim 2, further comprising: 

perfusing blood through the tubular member and into the 
patient. 

4. The method of claim 1, further comprising: 

monitoring blood pressure Within the blood vessel using 
a lumen of the tubular member. 

5. The method of claim 1 further comprising: 

monitoring an amount of in?ation Within the balloon 
member using an external monitoring device. 

6. The method of claim 5, Wherein the external monitoring 
device indicates When the balloon member comes in contact 
With the inner Wall of the blood vessel during occlusion. 

7. A method of achieving cardiopulmonary bypass during 
an aortic coronary bypass procedure comprising: 

inserting a balloon member attached to the distal end of a 
tubular member directly into an incision in a patient’s 
aorta, said balloon member being maintained in an 
unin?ated, collapsed state during insertion, said bal 
loon member having an peripheral contact Width Which 
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comes in contact With the inner Wall of the aorta during 
occlusion, said outer peripheral contact Width being 
substantially narroWer than the diameter of the balloon 
member; 

activating a heart-lung machine attached to the proximal 
end of the tubular member such that blood is perfused 
into the aorta; and 

in?ating the balloon member to occlude the aorta such 
that the balloon member contacts the inner Wall of the 
aorta along a longitudinal length Which is substantially 
less than the diameter of the balloon member. 

8. The method of claim 7, further comprising: 

inserting a second balloon member attached to the distal 
end of a second tubular member through an incision 
made in the patient’s superior vena cava, said second 
balloon member being maintained in an unin?ated, 
collapsed state during insertion. 

9. The method of claim 7, further comprising: 

introducing a cardioplegia solution into the patient’s heart 
to stop the heart from beating; and 

performing a bypass procedure on the aorta. 
10. The method of claim 8, Wherein the ?rst and second 

balloon members are in?ated With saline solution. 


