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Approximately 1 in 4 humans on this earth is born with a congenital heart 
defect that involves the failure of the complete formation of the fossa ovalis 
membrane between the left and right atria1. This defect, better known as a PFO 
or  Patent Fossa Ovalis is an opening in the fossa ovalis membrane that results 
from the failure of the fetal structures (septum primum and septum secundum) 
from closing together at the moment of birth2. The opening can be classified in 
a variety of ways, but the most common are “shunts” which cause blood to 
flow from one atria to the other. A shunt that results in the blood flowing from 
the left to right atria will cause the blood pressure to increase in the right side 
of the heart, resulting in right sided hypertrophy. This will cause increase 
pulmonary pressure and will result in less blood being pumped through the 
lungs and becoming oxygenated. Symptoms generally include shortness of 
breath due to pulmonary hypertension, but are rarely diagnosed due to being 
asymptomatic. On the other hand a right to left shunt is much more deadly due 
to the venous blood becoming mixed with the oxygenated blood of the left atria 
and then being pumped to the rest of the body. This results in cyanosis, chronic 
migraines, and can even cause a transient ischemic attack (stroke). Currently, 
there is very little data available to assess the biomechanics of the fossa ovalis 
membrane, so this study was performed to gather the properties needed to 
design devices to help fix congenital heart defects like a PFO.

[1] Patent Fossa Ovalis Research Foundation. Accessed on March 20, 2011.
http://pforesearch.org/about/pfo-and-stroke/

[2] Handbook of Cardiac Anatomy, Physiology, and Devices. Second Edition.   
Iaizzo, P. A. Springer Publishing: 2009.

Figure 1: The Anatomy of the Fossa Ovalis and surrounding structures from  the right side of the heart.
(From the Atlas of Human Cardiac Anatomy by the Visible Heart Lab)

Objectives
•Design an apparatus to pressurize the heart with water to in vivo levels during 
diastole (~10 mmHg) and also allow for visualization of the fossa ovalis.
•Use a transcatheter based approach to gain access to the  atrial septum without 
depressurizing the heart.
•Use a force transducer attached to the catheter / transseptal needle to record the 
amount of force needed to puncture the Fossa Ovalis in a variety of locations on 
the membrane.

Many thanks to the Visible Heart® Laboratory and its staff, 
Medtronic, and the UROP program.

Figure 4: Apparatus set up with heart pressurized and needle before puncture.

Figure 5a (Top): Needle used for puncturing the Fossa Ovalis membrane.
Figure 5b (Bottom): Dilation catheter used to gain access to the right atrium.

•The apparatus designed for this study was great for initial testing of the 
tissue properties of the fossa ovalis of large mammalian hearts, either of 
research animals or of human donor hearts. However, physiological 
properties weren’t really observed in the testing and so that is a starting 
point for advancing the quality of this research. The ability for the system to 
have interchangeable depression, puncture, and dilation devices adds to the 
flexibility of the current setup. The visualization of the inside of the heart 
adds a new dimension to this research as well since it is able to visualize all 
cardiac structures under ~10 mmHg of pressure. 

•There was a rough correlation between the area of the fossa ovalis 
membrane and the size of the heart itself, as one would expect. However, 
for now there is too little data to be able to conclude such an exact 
relationship when it comes to the atrial septum of the heart. Many factors 
need to be researched and understood such as the ability for the membranes 
of the heart to grow at the same rate as the cardiac myocytes that make up 
vast portions of the heart chambers. The thickness of the fossa was also hard 
to gauge at different points, so it seems that additional imaging like a 
sonogram would be a welcomed addition to the study.

•Another conclusion that was drawn from this study was that the puncture 
force required to puncture in the center of the fossa was related to the area 
of the fossa ovalis in its entirety. As the dimensions of the fossa grew larger, 
the force required to puncture the center of it decreased. 

•A greater understanding of the effect of fetal anatomy on adult structures 
was gained from this study due to the affect of  the forces required on 
different puncture sites on the fossa ovalis. Since the greatest forces were 
seen in the superior region and the  
inferior region of the fossa ovalis, 
the fetal septa  that help form the 
fossa ovalis were ultimately 
responsible.  The septum secundum
sits towards the right side of the heart  
and the septum primum sits left of it. 
Because of the way they form together, 
the anterior and posterior portions  of 
the fossa ovalis are probably a little 
thinner, the basis for this can be                  Figure 10: The septa outlined
seen in Figure 10.                                          in the fossa ovalis membrane

•One of the main reasons why porcine tissue was used in this study was 
because of how similar it is anatomically to the human heart. Since its so 
similar testing will continue with porcine hearts, but  also with the addition 
of preserved  porcine hearts as well as the vast number of preserved 
human hearts that the Visible Heart Lab has in its collection. This will allow 
for more correlations to be made between fresh pig hearts, preserved pig 
hearts, preserved human hearts, and then  to living human hearts.

•Future plans for testing of the fossa will also involve a tenting study where 
a blunt tip catheter will be used to test the force and depth  that each portion 
of the fossa ovalis can withstand. This will give a greater biomechanical 
profile to the fossa itself. 

•The testing done will be used to help Biomedical Engineers design more 
advanced septal occluder devices for PFOs and other related conditions. The 
data collected will also help improve transseptal delivery techniques that a 
large amount of biomedical device implantation relies on such as mitral or 
aortic valve replacement implantation. 

Methods

•Swine hearts were taken from the Visible Heart Apparatus after and kept in a 
Kreb’s solution and stored at 5oC for 14 hours.
•The swine heart was then taken and warmed up to 37oC and was cannulated 
with 3 plastic cannulas. One in the superior vena cava, inferior vena cava and 
one of the pulmonary veins; the aorta and pulmonary artery were tied off. The 
heart was then attached to the pressurizing apparatus as shown in Figure 3.
•The water pump was turned on and pressure was adjusted so that the heart was 
maintained at 10 mmHg and an endoscope was inserted into the right atrium 
and the fossa ovalis membrane was visualized.
•A  small incision was made on the posterior lateral side of the right atrium 
between the superior and inferior vena cava and a series of dilation catheters 
were placed until a diameter of 6 mm was accomplished. 
•The force transducer (Medtronic Chatillon DFIS 2 Digital Force Gauge)  
and puncture needle system  was then  
advanced into the right atrium until it was 
visible on the endoscope screen. It was 
then lined up perpendicularly with the 
fossa ovalis and each of the 5 different 
puncture sites (Figure 2, right) were tested 
and the peak forces were recorded.                      Figure 2: Fossa Ovalis puncture sites
•The heart was then removed from the apparatus and the right atrium was cut 
open for the measurement of dimensions of the fossa ovalis.

Figure 6 (right):
Endoscopic view of the 
Fossa Ovalis membrane 
after central puncture. 

Note the transparency of 
the tissue compared to the 

atrial septum around it.

Currently thirteen porcine hearts have been tested on the apparatus and had their data 
collected and analyzed. The measurements and procedures for each one were kept 
relatively consistent and only one abnormality was encountered during testing. The 
amount of force required to puncture the fossa at the 5 different locations varied a fair 
amount between each of the hearts, but not  within the same heart. 

Figure 7:  The bar graph shows the average amounts of forces required 
to puncture the fossa  at each of the different anatomical 
positions.  Note that the center takes the least and that the 
superior location takes the most force.
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Figure 7:  The graph 

Figure 8 (above):  Compares the area of the fossa against the force 
required to puncture the center of it.

Figure 9 (below):  Compares the weight of each heart against the 
size of the fossa that it contains.
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