
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||l|||||||||||||||||||| 
US 20030163114A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2003/0163114 A1 

Gcrshowitz (43) Pub. Date: Aug. 28, 2003 

(54) RETROGRADE CANNULA HAVING (52) US. Cl. ....................................... .. 604/509; 604/9601 
MANUALLY RETRACTABLE SEALING 
MEMBER 

(76) Inventor: a‘églul‘ D. GEI‘ShOWitZ, Ann Arbor, MI (57) ABSTRACT 

Correspondence Address: A retrograde cannula includes coaxial inner and outer bod 
Platon N‘ Mandros’ Esq‘ ies, Wherein a least of the portion of the inner body is axially 
BURNS, DOANE, SWECKER & MATHIS, . . . . LLP slidable Within the outer body. The inner body forms an 

lgox 1404 infusion lumen for conducting CPG. A sealing member is 
Alexandria, VA22313_1404 (Us) mounted adjacent a distal end of the outer body and is 

expandable into sealing relationship With a Wall of a 
(21) Appl- N05 10/082,074 patient’s heart. The sealing member includes proximal and 

(22) Filed: Feb- 26’ 2 0 0 2 distal ends that are moved aWay from one another to collapse 
the sealing member in response to axial sliding of the inner 

Publication Classi?cation body Within the outer body to reduce a pro?le of the cannula, 
and thereby facilitate movement of the cannula through a 

(51) Int. Cl.7 .................................................. .. A61M 31/00 patient’s body. 

300 

28a 



Patent Application Publication Aug. 28, 2003 Sheet 1 0f 4 US 2003/0163114 A1 

i i 
I - | 

T‘ | “i 
g ' I g 

H 1 
i ' l 

i 
. 

523i 2 .a 
//)l F! U‘ \‘1 
‘Q\ g i’! 
\\ * ,I/ 
\W ‘l/ 

‘l l| 
! l. 



Patent Application Publication Aug. 28, 2003 Sheet 2 0f 4 US 2003/0163114 A1 



Patent Application Publication Aug. 28, 2003 Sheet 3 0f 4 US 2003/0163114 A1 



Patent Application Publication Aug. 28, 2003 Sheet 4 0f 4 US 2003/0163114 A1 



US 2003/0163114 A1 

RETROGRADE CANNULA HAVING MANUALLY 
RETRACTABLE SEALING MEMBER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to retrograde cannu 
las, and in particular to retrograde cannulas used in the 
delivery of cardioplegia and having automatically expand 
able sealing members. 

[0002] Retrograde cannulas are commonly employed dur 
ing certain cardiac surgical procedures, in order to deliver 
cardioplegia into coronary veins to effect cardiac arrest by 
depolariZing cell membranes. 

[0003] In order to occlude the coronary sinus, the distal 
end of the cannula includes a sealing member such as an 
expandible balloon adapted to seal against a Wall of the 
coronary sinus. Balloons may be of the manual-in?ating or 
auto-in?ating type. In the auto-in?ating type (also referred 
to as self-in?ating), the balloon is in ?uid communication 
With the CPG being delivered to the blood stream and is 
in?ated thereby. 

[0004] In manual-in?ating cannulas, ?uid for in?ating the 
balloon is added or WithdraWn by means of a syringe. When 
the balloon of a manual-in?ating cannula is de?ated, it is 
common for the balloon to retract snugly against the cannula 
body When not in?ated, Whereby the cannula has a reduced 
pro?le to facilitate insertion and removal into the body. 

[0005] In contrast, auto-in?ate retrograde catheters typi 
cally include a balloon having a relatively permanent shape 
Which varies little betWeen the in?ated and de?ated states. 
The in?ation of the balloon mainly serves to make the 
balloon more rigid or turgid, i.e., more less pliant. Thus, the 
pro?le of the cannula is not appreciably reduced When the 
balloon is de?ated. This can lead to problems When attempt 
ing to insert the cannula into a patient’s vessel. 

[0006] It has previously been proposed in US. Pat. No. 
5,197,952 to stretch a cannula prior to insertion thereof into 
a patient. That involves the ?xing of a plug Within the 
infusion lumen in the area of the balloon. The plug forms a 
barrier against Which a stylet can be pushed in order to 
stretch the cannula. The balloon is provided With a ?uid inlet 
disposed proximally of the plug and a ?uid outlet disposed 
distally of the plug, in order to enable ?uid (e.g., CPG) to 
?oW through the balloon (and around the plug) after the 
cannula has been installed. It Will be appreciated that the 
need to install a plug complicates the manufacture and use 
of the cannula. 

[0007] It Would be desirable to provide an auto-in?ate 
cannula With the ability to signi?cantly reduce its pro?le and 
thereby facilitate insertion and removal of the cannula. It 
Would be advantageous to accomplish this Without the need 
to provide a barrier Within the cannula body and/or Without 
having to provide an appreciable restriction to the ?oW of 
infusion liquid. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to a retrograde can 
nula for delivering ?uid to a patient’s vessel. The cannula 
comprises a body arrangement Which de?nes a longitudinal 
axis. The body arrangement includes coaxial inner and outer 
bodies. At least a portion of the inner body is axially slidable 
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Within the outer body. The inner body forms an infusion 
lumen extending betWeen proximal and distal ends of the 
inner body for conducting ?uid. The infusion lumen includes 
an outlet adjacent the distal end of the inner body for 
discharging the ?uid. The cannula also includes a sealing 
member disposed on the body arrangement adjacent a distal 
end of the outer body. The sealing member is expandable 
into sealing relationship With the vessel. The sealing mem 
ber includes proximal and distal ends that are moved aWay 
from one other to collapse the sealing member in response 
to axial sliding of the inner body Within the outer body to 
reduce a pro?le of the cannula. 

[0009] The present invention also relates to a method of 
inserting the retrograde cannula into a vessel of a patient’s 
body. The method comprises the steps of: 

[0010] A) axially sliding the inner body Within the outer 
body in a ?rst direction to move the proximal and distal ends 
of the sealing member in opposite directions for collapsing 
the sealing member to a smaller pro?le; 

[0011] B) inserting the reduced-pro?le cannula into the 
vessel; and 

[0012] C) axially sliding the inner body Within the outer 
body in a second direction to move the proximal and distal 
ends of the sealing member toWard one another for permit 
ting the sealing member to extend outWardly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The objects and advantages of the invention Will 
become apparent from the folloWing detailed description of 
preferred embodiments thereof in connection With the 
accompanying draWings in Which like numerals designate 
like elements and in Which: 

[0014] FIG. 1 is a longitudinal sectional vieW taken 
through a cannula according to a ?rst embodiment of the 
invention, With a sealing element thereof in a non-collapsed 
state. 

[0015] FIG. 2 is a vieW similar to FIG. 1 With the sealing 
member in a collapsed state. 

[0016] FIG. 3 is a fragmentary side elevational vieW of a 
portion of the cannula depicted in FIG. 1, With the sealing 
element removed. 

[0017] FIG. 4 is a sectional vieW taken along the line 4-4 
in FIG. 3. 

[0018] FIG. 5 is a fragmentary vieW of a proximal portion 
of the cannula depicting a mechanism for holding inner and 
outer bodies of the cannula in selected positions. 

[0019] FIG. 6 is a longitudinal sectional vieW taken 
through a cannula according to a second embodiment of the 
invention, With a sealing element thereof in a non-collapsed 
state. 

[0020] FIG. 7 is a vieW similar to FIG. 6 With the sealing 
member in a collapsed state. 

[0021] FIG. 8 is a longitudinal sectional vieW taken 
through a cannula according to a third embodiment of the 
invention, With a sealing element thereof in a non-collapsed 
state. 
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[0022] FIG. 9 is a vieW similar to FIG. 8 With the sealing 
member in a collapsed state. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0023] Depicted in FIGS. 1-5 is a ?rst preferred embodi 
ment of an auto-in?ate retrograde cannula 10 according to 
the present invention. The cannula 10 comprises an outer 
body 12 and a coaxial inner body 14. The outer and inner 
bodies are formed of a plastic material suitable for insertion 
into a human body, such as PVC, urethane, or silicone for 
example. The outer body 12 is of cylindrical con?guration 
except for a ribbed portion 16 disposed adjacent a distal end 
18 of the outer body. The ribbed portion is of generally 
bulbous shape and includes slits 20 of any suitable number 
extending generally in the longitudinal direction of the 
cannula (see FIG. 3). The slits 20 cause longitudinal ribs 22 
to be formed in the ribbed portion that are separated from 
one another by the slits 20. Each rib 22 is supported solely 
at longitudinally spaced ends thereof and is of curved shape 
such that the outer surface 24 thereof is convex, and the 
inner surface 26 is concave. 

[0024] The inner body 14 is of cylindrical shape and 
includes an infusion lumen 28 and a pressure monitoring 
lumen 30 adjacent thereto. The infusion lumen 28 serves to 
conduct ?uid to the patient’s vessel, eg to conduct car 
dioplegia to the heart, and the pressure monitoring lumen 30 
enables pressure to be monitored at the distal end of the 
cannula. Thus, the proximal end of the cannula can be 
connected to a conventional pressure indicating device (not 
shoWn). 
[0025] The lumens 28, 30 extend from the distal end to the 
proximal end of the cannula and are open at their distal ends 
28a, 30a. 

[0026] A distal portion 32 of the inner body 14 is af?xed 
to a distal portion 34 of the outer portion, Which distal 
portions 32, 34 are de?ned as being disposed distally of the 
ribbed portion 16. The rest of the inner body 14 is slidable 
relative to the outer body. Thus, by sliding the inner body 14 
forWardly While holding the outer body 12 stationary, the 
ribs 22 can be collapsed, or ?attened out, as shoWn in FIG. 
2, to reduce the pro?le (i.e., to reduce the maximum cross 
sectional siZe) of the cannula. 

[0027] Affixed to the outer body is an expandable sealing 
member 40 in the form of a balloon Which encompasses the 
ribbed portion 16. The balloon 40 includes distal and proxi 
mal edges 42, 44 affixed to the outer body 12 adjacent 
respective sides of the ribbed portion 16. 

[0028] The inner body 14 includes in?ation holes 46 
Which communicate the infusion lumen 28 With the balloon 
interior. Thus, When ?uid, such as cardioplegia, is conducted 
through the infusion lumen 28 and discharged through one 
or more outlets at the distal end 28a, the ?uid also in?ates 
the balloon, Whereby the balloon is in?ated, i.e., becomes 
turgid. 
[0029] In operation of the FIG. 1-5 embodiment, the 
cannula is inserted into the body in the loW-pro?le shape 
shoWn in FIG. 2, i.e., With the inner body 14 having been 
slid forWardly relative to the outer body 12 to collapse, i.e., 
generally ?atten, the ribs 22 and the balloon 40 to a smaller 
pro?le. The term “collapse” as used herein does not require 
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a complete collapsing of the ribs, and the balloon, but rather 
is intended to be broad enough to include a partial collapse. 
Once the cannula has been inserted into a vessel of the body, 
eg the coronary sinus, the inner body 14 is slid rearWardly, 
Whereby the ribs 22 assume the enlarged pro?le state of 
FIG. 1. Preferably in this state, the ribs are able to bear 
against a Wall of the coronary sinus With the non-in?ated 
balloon sandWiched therebetWeen. 

[0030] When ?uid, such as cardioplegia, is delivered 
through the infusion lumen 28, the cardioplegia ?oWs 
through the in?ation holes 46 to in?ate and stiffen the 
balloon 40 against the Wall of the coronary sinus to seal off 
any areas not previously sealed. The cardioplegia is thus 
able to enter the heart vessel. 

[0031] After an initial charge of cardioplegia has been 
delivered the ?oW is halted. Thereupon, the balloon becomes 
de?ated, but the distal end of the cannula remains deployed 
in the coronary sinus, because the ribs 22 continue to be 
pressured against a Wall of the coronary sinus. Thus, When 
a subsequent charge of cardioplegia is delivered through the 
infusion lumen, the distal end of the catheter is still deployed 
in a desired position. 

[0032] To remove the cannula from the body, the inner 
body 14 is slid forWardly to deform (?atten) the ribs 22 and 
the balloon for reducing the pro?le of the cannula. 

[0033] It may be desirable to provide means for holding 
the inner body 14 in its various longitudinal positions, Which 
can be done in any of numerous Ways. For example, as 
shoWn in FIG. 5, the outer body 12 can be provided With a 
slot 41 having a plurality of notches 43a, 43b, 43c, the 
number of notches corresponding to respective positions of 
the inner body 14 relative to the outer body 12, as desired. 

[0034] The inner body 14 includes a pin 48 received in the 
slot. Once the inner body 14 is moved axially to a desired 
position, it can be rotated to position the pin in a respective 
notch to retain the inner body in position. 

[0035] Another embodiment of the invention is depicted in 
FIGS. 6 and 7. In That embodiment, a cannula 50 includes 
outer and inner bodies 52, 54, With the entire body slidable 
longitudinally Without being relative to the outer body, i.e., 
no part of the inner body 54 is ?xed to the outer body 52. The 
inner body 54 includes an infusion lumen 56 and a pressure 
lumen 58. A balloon 60 has a distal end 62 attached to the 
inner body 54 and a proximal end 64 attached to the outer 
body 52. In?ation holes 64 are formed in the inner body 54 
to communicate the infusion lumen 56 With the interior of 
the balloon 60. 

[0036] Similarly to the earlier-described embodiment, the 
balloon 60 can be ?attened to reduce the pro?le of the 
cannula by sliding the inner body 54 forWardly relative to 
the outer body 52, as shoWn in FIG. 7. 

[0037] The cannula 50 is inserted and removed relative to 
a patient’s body With the inner body 54 slid forWardly 
relative to the outer body 52, i.e., With the cannula in a 
reduced-pro?le state (see FIG. 7). Cardioplegia is delivered 
after the distal end of, the cannula has been inserted into the 
coronary sinus and the inner body 54 has been slid rear 
Wardly. Thus, the balloon 60 is able to be in?ated into ?rm 
contact With the Wall of the coronary sinus by the cardiople 
gia being delivered. 
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[0038] It Will be appreciated that the embodiment accord 
ing to FIGS. 6 and 7 enables the pro?le of the cannula to 
be reduced, like the embodiment according to FIGS. 1-4. If 
desired, a pin-and-slot arrangement 41, 48 similar to that of 
FIG. 5 can be employed in order to retain the inner and outer 
bodies 54, 52 in their relative longitudinal positions. 

[0039] A third embodiment of the invention is depicted in 
FIGS. 8 and 9. Depicted therein is a cannula 70 having 
outer and inner bodies 72, 74. The inner body 74 is longi 
tudinally slidable relative to the outer body 72, and no part 
of the inner body 74 is ?xed to the outer body. The inner 
body 74 includes a infusion lumen 76 and a pressure lumen 
78. Attached to a distal end of the outer body 72 is the 
proximal end of a ?exible (preferably elastic) expandable 
sealing member 80 Which is not in the form of an in?atable 
balloon, but rather has a permanent relaxed (normal) shape 
shoWn in FIG. 8. The sealing member includes holes 82 
adjacent a distal end for discharging cardioplegia, as Will be 
explained. When inserting or removing the cannula 70 
relative to a patient’s body, the pro?le of the cannula is 
reduced by longitudinally extending the inner body 74 
forWardly relative to the outer body 72 and into contact With 
the sealing member 80 to longitudinally extend and collapse 
the sealing member 80 as shoWn in FIG. 9. During instal 
lation into the patient’s body, once the sealing member has 
reached the desired location in the coronary sinus, the inner 
body 74 is retracted (i.e., moved to the right in FIGS. 8-9), 
to return the sealing member 80 to its normal (i.e., 
expanded) shape and into sealing relationship With the Wall 
of the coronary sinus. Cardioplegia can then be conducted 
through the infusion lumen 76 and into the sealing member. 
The cardioplegia exits the sealing member through the holes 
82 formed in the sealing member. 

[0040] It Will be appreciated that due to the presence of the 
holes 82 in the sealing member, the pressuriZed cardioplegia 
does not function to in?ate the sealing member 80. Rather, 
the sealing member 80 remains in expanded sealing rela 
tionship With the Wall of the coronary sinus Whenever the 
inner body 74 is retracted aWay from the sealing member. 

[0041] Advantageously, it is possibly to administer an 
antegrade cardioplegia through an antegrade cannula (not 
shoWn) With the sealing member 80 of the retrograde 
cannula disposed in sealing relationship With the Wall of the 
coronary sinus. In that regard, the outer body 72 is provided 
With holes 90 that are normally blocked by the inner body 
74. HoWever, by retracting the inner body (i.e., to the right 
in FIGS. 8-9) suf?ciently for to expose the holes 90, Wherein 
the distal end of the inner body travels to the right of the 
holes 90, the holes Will be exposed, so that the antegrade 
cardioplegia can ?oW through the retrograde cannula from 
left-to-right by entering the sealing member 80 via its holes 
82, and then ?oWing through the outer body 72 and ?nally 
exiting through the holes 90. 

[0042] It Will be appreciated that the present invention 
provides a retrograde cannula Whose pro?le can be appre 
ciably reduced in order to facilitate the insertion and 
removal of the cannula, Without having to install a plug 
Within the infusion lumen. 

[0043] Although the present invention has been described 
in connection With a preferred embodiments thereof, it Will 
be appreciated by those skilled in the art that additions, 
deletions, modi?cations, and substitutions not speci?cally 
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described may be made Without departing from the spirit and 
scope of the invention as de?ned in the appended claims. 

What is claimed is: 
1. A retrograde cannula for delivering ?uid to a patient’s 

vessel, the cannula comprising: 

a body arrangement de?ning a longitudinal axis and 
including coaxial inner and outer bodies, at least a 
portion of the inner body being axially slidable Within 
the outer body, the inner body forming an infusion 
lumen extending betWeen proximal and distal ends of 
the inner body for conducting ?uid, the infusion lumen 
including at least one outlet adjacent the distal end of 
the inner body thereof for discharging the ?uid; and 

a sealing member disposed on the body arrangement 
adjacent a distal end of the outer body and being 
expandible into sealing relationship With the vessel, the 
sealing member including proximal and distal ends that 
are moved aWay from another to collapse the sealing 
member in response to axial sliding of the inner body 
Within the outer body to reduce a pro?le of the cannula. 

2. The cannula according to claim 1 Wherein the proximal 
end of the sealing member is connected to the outer body, the 
distal end of the sealing member arranged to be displaced 
forWardly by the inner body in response to axial sliding of 
the inner body Within the outer body. 

3. The cannula according to claim 2 Wherein the distal end 
of the sealing member is affixed to the inner body. 

4. The cannula according to claim 3 Wherein the sealing 
member comprises an in?atable balloon, the inner body 
including communication passages for communicating the 
infusion lumen With the interior of the balloon. 

5. The cannula according to claim 2 Wherein the outer 
body includes a bulbous portion de?ned by convexly pro 
jecting ribs spaced circumferentially apart; the sealing mem 
ber arranged to surround the bulbous portion; the proximal 
and distal ends of the sealing member af?xed to the outer 
body With the enlargement disposed betWeen the proximal 
and distal ends of the sealing member; a distal portion of the 
inner body affixed to a distal portion of the outer body at a 
location distally of the bulbous portion; the ribs being 
collapsible to a smaller pro?le in response to axial sliding of 
the inner body and simultaneous axial displacement of the 
distal portion of the outer body. 

6. The cannula according to claim 5 Wherein the sealing 
member comprises an in?atable balloon, the infusion lumen 
communicating With an interior of the balloon through 
spaces formed betWeen adjacent ribs. 

7. The cannula according to claim 2 Wherein the sealing 
member is elastic and normally assumes an expanded state; 
an interior of the sealing member communicating With the 
infusion lumen for receiving ?uid therefrom; the sealing 
member including holes for discharging ?uid received from 
the infusion lumen; the inner body being engageable With 
the distal end of the sealing member in response to axial 
sliding of the inner body Within the outer body to collapse 
the sealing member to a smaller pro?le. 

8. The cannula according to claim 1 further including 
holding means for holding the inner and outer bodies in 
selected longitudinal relationship. 

9. The cannula according to claim 8 Wherein the holding 
means comprises a pin-and-slot connection betWeen the 
inner and outer bodies, the slot including notches for receiv 
ing the pin. 
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10. A method of inserting a retrograde cannula into a 
vessel of a patient’s body, the cannula comprising a body 
arrangement including coaxial inner and outer bodies, the 
inner body being axially slidable Within the outer body, the 
inner body forming an infusion lumen extending betWeen 
proximal and distal ends of the inner body for conducting 
pressurized ?uid, the inner body including an outlet adjacent 
the distal end thereof for discharging the ?uid, and a sealing 
member disposed on the body arrangement adjacent a distal 
end of the outer body and being expandible into sealing 
relationship With the vessel, the sealing member having 
proximal and distal ends that are moved aWay from one 
another to collapse the sealing member in response to axial 
sliding of the inner body Within the outer body to reduce a 
pro?le of the cannula, the method comprising the steps of: 

A) axially sliding the inner body Within the outer body in 
a ?rst direction to move the proximal and distal ends of 
the sealing member aWay from one another for col 
lapsing the sealing member to a smaller pro?le; 

B) inserting the reduced-pro?le cannula into the vessel; 
and 

C) axially sliding the inner body Within the outer body in 
a second direction to move the proximal and distal ends 
of the sealing member toWard one another for permit 
ting the sealing member to expand outWardly. 
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11. The method according to claim 10 Wherein the proxi 
mal end of the sealing member is affixed to the outer body, 
the distal portion of the sealing member being af?xed to the 
inner body, Wherein axially forWard sliding of the inner body 
moves the distal end of the balloon forWardly relative to the 
proximal end thereof. 

12. The method according to claim 11 Wherein the sealing 
member comprises an in?atable balloon, and further com 
prising the step of conducting ?uid through the infusion 
lumen for in?ating the balloon subsequent to step C. 

13. The method according to claim 10 Wherein the outer 
body includes a collapsible bulbous portion disposed axially 
betWeen the proximal and distal ends of the sealing member; 
the inner and outer bodies being affixed together at a location 
distally of the bulbous portion; Wherein step A comprises 
displacing distal portions of the inner and outer bodies 
together relative to a proximal portion of the outer body for 
collapsing the bulbous portion. 

14. The method according to claim 10 Wherein the proxi 
mal end of the sealing member is affixed to the outer body, 
step A comprising moving the inner body into contact With 
a distal end of the sealing member to collapse the sealing 
member. 


