
US 20130178784A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2013/0178784 A1 

McNamara et al. (43) Pub. Date: Jul. 11, 2013 

(54) 

(71) 

(72) 

(73) 

(21) 

(22) 

METHODS AND DEVICES FOR 
INTRA-ATRIAL SHUNTS HAVING 
ADJUSTABLE SIZES 

Applicant: DC Devices, Inc., TeWksbury, MA (US) 

Inventors: 

Assignee: 

Appl. No.: 

Filed: 

Edward McNamara, Chelmsford, MA 
(US); Michael W. Sutherland, Pelham, 
NH (US); Matthew J. Finch, 
Somerville, MA (US); Stephen J. 
Forcucci, Winchester, MA (US) 

DC DEVICES, INC., TeWksbury, MA 
(Us) 

13/726,429 

Dec. 24, 2012 

Related U.S. Application Data 

(60) Provisional application No. 61/579,426, ?led on Dec. 
22, 2011, provisional application No. 61/659,520, 
?led on Jun. 14,2012. 

Publication Classi?cation 

(51) Int. Cl. 
A61M27/00 (2006.01) 

(52) U.S. Cl. 
CPC ................................. .. A61M27/002 (2013.01) 

USPC ............................................................ .. 604/9 

(57) ABSTRACT 
Devices and methods for treating heart disease by normaliz 
ing elevated blood pressure in the left and right atria of a heart 
of a mammal are disclosed. Devices may include an adjust 
able hydraulic diameter shunt portion Which can be manually 
adjusted in vivo. Methods are provided for adjusting the How 
rate of the devices in vivo. 
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METHODS AND DEVICES FOR 
INTRA-ATRIAL SHUNTS HAVING 

ADJUSTABLE SIZES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a non-provisional of US. Provi 
sional Application No. 61/579,426, ?led Dec. 22, 2011, 
entitled “Systems, Methods and Devices for Resizing Intra 
Atrial Shunts” and of US. Provisional Application No. 
61/659,520, ?led Jun. 14, 2012, entitled “Adjustable Intra 
Atrial Shunts”, both of Which are incorporated by reference 
herein in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods and 
devices for treating heart failure. In particular, the present 
invention relates to methods and devices for treating heart 
failure by reducing elevated blood pressure in a heart chamber 
by creating a pressure relief shunt. Additionally, the present 
invention relates to methods and devices for customiZing, 
adjusting or manipulating the How of blood through the shunt 
in order to enhance the therapeutic effect of the pres sure relief 
shunt. 

BACKGROUND 

[0003] Heart failure is a condition effecting millions of 
people Worldwide. Heart failure includes failure of either the 
left side of the heart, the right side of the heart, or both. Left 
heart failure can lead to elevated pulmonary venous pressure, 
Which may cause respiratory problems, including shortness 
of breath and exercise intolerance. Left heart failure may be 
ascribed to a number of causes, including valve disease, sys 
tolic failure of the left ventricle, and diastolic failure of the left 
ventricle. The adverse clinical result of each of these condi 
tions is similar; the heart failure leads to elevated pressure in 
the left atrium and elevated pressure in the pulmonary veins, 
impeding proper How of oxygenated blood through the blood 
supply. Therefore, there exists a need to treat the symptoms of 
left heart failure on the body. 
[0004] Heart failure has been further classi?ed as either 
systolic heart failure or diastolic heart failure. Diastolic heart 
failure refers to heart failure that is present Without the pres 
ence of major valve disease even While the systolic function 
of the left ventricle is preserved. More generally, diastolic 
heart failure is failure of the ventricle to adequately relax and 
expand in order to ?ll With blood, causing a decrease in the 
stroke volume of the heart. Presently, there exist very feW 
treatment options for patients suffering from diastolic heart 
failure. Therefore there exists a need for methods and devices 
for treating symptoms of diastolic heart failure. 
[0005] Some types of pressure relief shunts have been used 
to treat the symptoms of diastolic heart failure. Examples of 
such types are disclosed in US. Pat. No. 8,043,360 and US. 
Published Patent Application No. 2011/0295366 A1. The 
long term effects of the creation of a pressure relief shunt can 
vary greatly depending on the amount of blood ?oW through 
the shunt. These effects can include the gradual development 
of hypertrophic pulmonary arteries for cases With signi?cant 
left to right shunting. The hypertrophy of the pulmonary 
arteries in turn leads to Worsening symptoms of heart failure. 
At the other end of the spectrum, the long term effect of the 
creation of a pressure relief shunt may include a gradual 
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decrease in the amount of blood passing through the shunt 
such that the bene?t of the procedure may be reduced or 
eliminated. 
[0006] The hemodynamic conditions associated With dias 
tolic heart failure are not static, and attempting to treat the 
disease With a static pressure relief shunt represents a de? 
ciency in the prior art. For example, if a shunt is siZed too large 
the short term effect of the creation of a pressure relief shunt 
may include a sudden Worsening of heart failure. This phe 
nomenon has been reported in similar procedures for heart 
failure patients and may be considered a type of rebound 
stress. Furthermore, if the pressure relief shunt is siZed too 
small the patient may not experience any clinical improve 
ment from the procedure. The siZe of the pressure relief shunt 
required for ef?cacious treatment of diastolic heart failure 
may be dif?cult to predetermine, and varies With the condi 
tion of the patient and With the state of the underlying disease. 
With these de?ciencies in mind, there still exists a need, 
among other needs, for an adaptive means of treating diastolic 
heart failure by creating a clinically effective and safe pres 
sure relief shunt. 

[0007] Along those lines, deployment techniques exist for 
creating a pressure relief shunt in the atrial septum and then 
gradually alloWing the shunt to open by sloWly de?ating a 
balloon Which initially occludes the shunt. For example, the 
balloon may be gradually de?ated over a period of hours our 
days. This treatment method and apparatus suffers from de? 
ciencies. For example, the requirement to leave a balloon in 
place in order to gradually open the pressure relief shunt can 
create signi?cant problems such as the problem of keeping 
the balloon in place despite the signi?cant pressure differen 
tial across the shunt. Furthermore, the requirement to leave a 
catheter dWelling Within the circulation carries signi?cant 
potential risks, including increased risk of pulmonary embo 
lism, sepsis, sensitiZation or allergic reaction, and other 
potentially adverse clinical reactions. 
[0008] The constantly evolving nature of heart failure rep 
resents a signi?cant challenge for the treatment methods cur 
rently disclosed in the prior art. Therefore, there is still a need 
for novel and adaptable methods and devices for treating 
diastolic heart failure by creating a pressure relief shunt 
Which can be retrieved, repositioned, adjusted, expanded, 
contracted, occluded, sealed or otherWise altered as required 
to treat the patient. Furthermore, there exists a need for 
devices and methods for treating diastolic heart failure Which 
can automatically self-adjust over time either in accordance 
With the gradual hemodynamic changes associated With heart 
failure or in anticipation of these changes. 

SUMMARY OF THE INVENTION 

[0009] In general, the present invention concerns treating 
heart disease by reducing both left atrial and pulmonary 
venous pressure. To this end, devices and methods are dis 
closed herein Which may include the creation of a pressure 
relief shunt in the atrial septum or the placing of a device 
having a changeable hydraulic diameter into an already exist 
ing aperture in the atrial septum. Furthermore, devices and 
methods are disclosed herein Which alloW for adjusting the 
pressure relief shunt in response to the natural progression of 
the patient during the course of treatment. Additionally, 
devices and methods are disclosed Which provide a treatment 
Which may be adjusted to or Which automatically adjusts to 
the changing conditions in the body as a result of the creation 
of the pressure relief shunt or the presence of the extant atrial 
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septal aperture. Furthermore, devices and methods are dis 
closed herein Which mitigate the risk of acute Worsening of 
heart failure following the creation of a pressure relief shunt 
or of an extant atrial septal aperture by allowing for gradual 
increase in the hydraulic diameter of an implanted device 
after implantation. Devices and methods are disclosed herein 
Which signi?cantly mitigate the risk of later development of 
pulmonary hypertrophy by implanting a device Which gradu 
ally decreases hydraulic diameter in siZe over time or in 
response to the natural hemodynamic changes in the heart. 

[0010] In some embodiments of the present invention, an 
implantable shunting device is provided. The inventive 
device includes a pair of anchors, each comprising a plurality 
of segments, that are adapted to hold the device in place 
Within a membrane Wall, eg the atrial septum, and a shunting 
section adapted to permit ?uid ?oW across the membrane Wall 
?rst at ?rst rate and then at a second rate at a later selectable 
time. 

[0011] In some embodiments, the implantable shunting 
device is adapted to be manually adjusted to change the rate of 
?uid ?oW therethrough. For example, the inventive device 
may include an element Which causes the hydraulic diameter 
of the shunting section to be manually alterable. Such ele 
ments may include a coil Which may be incrementally Wound, 
stretched, and/or compressed to selectively alter its hydraulic 
diameter. Such elements may include a tube that can be plas 
tically deformed to alter its hydraulic diameter. 

[0012] In some embodiments, the implantable shunting 
device is adapted to automatically change the rate of ?uid 
?oW therethrough. For example, the inventive device may 
have a ?rst con?guration Which alloWs a predetermined ?oW 
rate to communicate from a high pressure region to a loW 
pressure region across a membrane Wall and be adapted to 
transform over a predetermined period of time into one or 
more other con?gurations in order to alloW a different ?oW 
rate or different ?oW rates to communicate from the high 
pressure region to the loW pressure region. The transforma 
tions may be gradual or may occur in discrete steps or may be 
a combination of gradual change With abrupt changes. The 
?oW rate changes may be positive or negative or may alternate 
betWeen the tWo. 

[0013] In some embodiments, the implantable shunting 
device is to permit manual adjustment of the ?uid ?oW rate 
through the device. For example, in some embodiments, the 
inventive device includes a holloW tubular body and a number 
of septal anchoring members, Which anchor the inventive 
device to the atrial septum. The tubular body may be con?g 
ured With an originally-deployed diameter (a ?rst diameter) 
Which may be expected to provide an e?icacious treatment for 
an average patient. Alternatively, the ?rst diameter of the 
tubular body may initially be undersiZed such that an effective 
treatment may be achieved in some subset of patients While 
the risk of acute Worsening of heart failure folloWing the 
implantation of the shunt is substantially decreased among all 
patients. The inventive device is further con?gured to be 
manually expanded or contracted by an adjustment device to 
second, third, fourth, . . . , etc. diameters (also referred to 

herein as “subsequent diameters”). The inventive device may 
include interlocking features Which maintain the internal 
diameter that is set by the adjustment device. Alternatively, 
the tubular body of the inventive device may be made from an 
elastically deformable, heat setting, pressure-sensitive, or 
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otherWise malleable material such that the diameter of the 
device remains stable after being set by the adjustment 
device. 

[0014] In some embodiments, the inventive device includes 
an elongate tubular body, an internal member having an ori 
?ce, and a number of anchoring members for anchoring the 
tubular body to the atrial septum. The tubular body further 
includes an internal fastening feature Which releasably clasps 
the internal ori?ce-containing shunt member. The internal 
ori?ce-containing member has an internal diameter Which is 
con?gured to alloW a therapeutic amount of blood to ?oW 
through the shunt. The internal member may be released from 
the fastening feature of the tubular body With a special 
retrieval tool and may then be repositioned or replaced With 
another internal shunt member. The replacement internal 
shunt member may feature a substantially larger or substan 
tially smaller internal diameter, thus causing the device to 
have a different subsequent diameter than the ?rst diameter. 
This replacement of the internal member may therefore be 
used to adjust the amount of blood ?oW through the shunt in 
order to respond to hemodynamic changes in the heart. 
[0015] In some embodiments, the inventive device includ 
ing a tubular body and a number of anchoring members is 
disclosed, Where the tubular body may be con?gured such 
that its ?rst diameter initially alloWs only a small volume of 
blood to shunt from the left atrium to the right atrium. The 
tubular body may then be designed to gradually expand over 
the course of days, Weeks, or months, to subsequent diameters 
that alloW a larger volume of blood to pass through the shunt. 
The shunt may be con?gured so that the internal portion or 
ori?ce Will expand to a predetermined ?nal sub sequent diam 
eter in order to alloW a therapeutic amount of blood ?oW 
through the shunt. In such embodiments, the ori?ce of the 
inventive device may be con?gured to expand sloWly so that 
the risk of acute Worsening of heart failure that may be caused 
by a sudden hemodynamic change is substantially reduced. 
[0016] In some embodiments, the inventive device includes 
a tubular body and a number of anchoring members and is 
con?gured to open to an internal diameter that alloWs su?i 
cient blood to ?oW through the shunt in order to reduce the left 
atrial and pulmonary venous pressure. The tubular body may 
be con?gured such that over time the internal diameter of the 
shunt gradually contracts. The internal diameter of the inven 
tive device may be designed to shrink to a predetermined ?nal 
diameter. The predetermined ?nal diameter may be siZed to 
alloW some clinically relevant blood ?oW through the shunt 
While simultaneously eliminating the risk of developing 
hypertrophic pulmonary arteries. Alternatively, the inventive 
device may be con?gured such that given enough time the 
internal diameter becomes completely occluded and blood 
?oW through the shunt is prevented. 
[0017] In some embodiments, the inventive device featur 
ing a tubular body and a number of anchoring members may 
be con?gured to, at ?rst, gradually open the ?rst internal 
diameter of the shunt and then much later gradually close the 
subsequent internal diameter of the shunt. The gradual 
shrinking or expanding of the inventive device is used to 
control the amount of blood through the shunt in anticipation 
of the hemodynamic changes that occur over time due to the 
progression of heart failure and due to the creation of a pres 
sure relief shunt. In still other embodiments the gradual open 
ing or closing of the inventive device may include prolonged 
periods of static blood ?oW. For example, the inventive device 
may be implanted With a small diameter, then over time 


























