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[0011] In one embodiment, the packaging system includes a sealed package, which has 

an internal space having an internal volume. The bioprosthetic device and a humidity control 

device can be provided within the internal space. The humidity control device can have a 

barrier, which defines an enclosed space that is in vapor communication with the sealed 

package. A humidity control solution comprising glycerol can be provided in the enclosed 

space. The humidity control solution can have a total weight of at least about 0.1 g per cubic 

inch (about 6 mg/mL) of the internal volume. 

[0012] In one embodiment, the humidity control solution can maintain the target relative 

humidity across the temperature range by selectively liberating and absorbing water vapor. 

In one embodiment, the humidity control solution can further include an aqueous solution. 

In some embodiments, glycerol can be provided in a concentration of from about 34% to about 

96% (by weight) of the humidity control solution and the aqueous solution can be provided in 

a concentration of from about 4% to about 66% (by weight) of the humidity control solution. 

In some embodiments, the concentration of the glycerol (Gw) in the humidity control solution 

can defined by the target relative humidity (RH) to be maintained within the internal volume 

of the sealed package according to Eq. 1. 

[0013] G� = 383(−0.189(RH� + 19.9��.���� − 383 Eq. 1 

[0014] In one embodiment, the humidity control solution can further include a 

microbicidal agent. In a further optional embodiment, the microbicidal agent can be 

glutaraldehyde. In some embodiments, the glutaraldehyde can be provided in an amount of 

from about 0.3% to about 1%. In one embodiment, the aqueous solution may be about 97% (by 

volume) water and about 3% (by volume) of a solution of an about 0.625% (by weight) 

glutaraldehyde. 

[0015] In some embodiments, the packaging system can maintain the target relative 

humidity across a temperature range of from about –18 °C to about 45 °C. In some 

embodiments, the target relative humidity can be from about 15% to about 95%. In one 

embodiment, the packaging system can maintain the target relative humidity within a 

tolerance of about ±10%. In one embodiment, the packaging system can maintain the target 

relative humidity within a tolerance of about ±5%.  In one embodiment, the target relative 

humidity (RH) to be maintained within the internal volume of the sealed package can be 

determined by the concentration of the glycerol (Gw) in the control solution according to Eq. 2. 

[0016] RH = − ���������� �
��.�

���.�
�.���  Eq. 2 
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[0017] Each feature or concept outlined above is independent and can be combined with 

other features or concepts outlined above or with any other feature or concept disclosed in 

this application. 

[0018] A method for storing a bioprosthetic device within a packaging system that 

maintains a target relative humidity across a temperature range is also provided. In one 

embodiment, the method includes determining an internal volume of an outer packaging, 

selecting the target relative humidity, providing a humidity control device comprising a 

humidity control solution disposed within a gas-permeable enclosure, and sealing the 

humidity control device and the bioprosthetic device within the internal volume of the outer 

packaging. In some embodiments, the humidity control solution can include glycerol. 

[0019] In one embodiment, the method can further include selecting a target relative 

humidity from about 15% to about 95%. In one embodiment, the method can maintain the 

target relative humidity within the packaging system within a tolerance of about ±10%. In 

one embodiment, the method can maintain the target relative humidity within the packaging 

system within a tolerance of about ±5%. In one embodiment, the target relative humidity 

(RH) to be maintained within the internal volume of the outer packaging can be determined 

by the concentration of the glycerol (Gw) in the humidity control solution according to Eq. 2. 

[0020] RH = − ���������� �
��.�

���.�
�.���  Eq. 2 

[0021] In one embodiment, a concentration of glycerol (Gw) (by weight) in the humidity 

control solution can be defined by the target relative humidity (RH) to be maintained within 

the internal volume of the outer packaging according to Eq. 1. 

[0022] G� = 383(−0.189(RH� + 19.9��.���� − 383 Eq. 1 

[0023] In one embodiment, the weight of the humidity control solution provided can be at 

least about 0.1 g per cubic inch (about 6 mg/mL) of the internal volume. In one embodiment, 

the method can maintain the target relative humidity across the temperature range from 

about –18 °C to about 45 °C. In one embodiment, the gas-permeable enclosure can have a 

water vapor transfer rate of from about 0.02 to about 0.07 grams per square inch (about 3–10 

mg/cm2) per 24 hours. In one embodiment, the method can further include subjecting the 

outer packaging to a terminal sterilization process. 

[0024] Each feature or concept outlined above is independent and can be combined with 

other features or concepts outlined above or with any other feature or concept disclosed in 

this application.  Other features and advantages of the invention should become apparent 

from the following description of the preferred embodiments, taken in conjunction with the 

accompanying drawings, which illustrate, by way of example, the principles of the invention. 
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[0097] Figure 9 depicts an exemplary method 900 for storing a bioprosthetic device within 

a packaging system that maintains a target relative humidity range across a temperature 

range. In a first step 902, the internal volume of an outer packaging is determined. The 

internal volume can be determined using methods well known in the art. For example, the 

internal volume can be obtained experimentally or calculated from the geometry of the outer 

packaging. 

[0098] The outer packaging is preferably sterile and, in an optional step (not shown), the 

outer packaging can be subjected to a terminal sterilization process or aseptic production. 

[0099] Step 904 illustrates providing a humidity control solution having a weight within 

a gas-permeable enclosure to produce a humidity control device. The humidity control 

solution preferably includes glycerol. The gas-permeable enclosure can, for example, comprise 

a sealable pouch. In this case, the humidity control solution can be poured or injected into the 

pouch and the pouch can then be sealed with the humidity control solution within the gas-

permeable enclosure. Of course, the humidity control solution can be provided within a gas-

permeable enclosure by any other method well known in the art. In one embodiment, the gas-

permeable enclosure has a water vapor transfer rate of from about 0.02 to about 0.07 grams 

per square inch per 24 hours (about 3–11 mg/cm2/24 hr). 

[0100] In one embodiment, an additional step (not shown) of selecting the target relative 

humidity from about 15% to about 95% can be performed. This selection step can be 

determined by the technical requirements of the bioprosthetic device. The selected target 

relative humidity will define the concentration of glycerol (by weight) in the humidity control 

solution. In one embodiment the concentration of glycerol (Gw) (by weight) in the humidity 

control solution is defined by the target relative humidity (RH) to be maintained according to 

Eq. 1, which is derived from the above equations. 

[0101] G� = 383(−0.189(RH� + 19.9��.���� − 383 Eq. 1 

[0102] For example, if the target storage relative humidity for the bioprosthetic device is 

about 35%, the concentration of glycerol in the humidity control solution can be about 88.8% 

(by weight). If the target storage relative humidity for the bioprosthetic device is about 65%, 

the concentration of glycerol in the humidity control solution can be about 68.1% (by weight). 

[0103] In an alternative embodiment, the target relative humidity to be maintained 

within the internal volume of the outer packaging is determined by the concentration of 

glycerol in the humidity control solution, as provided in Eq. 2. 

[0104] RH = − ���������� �
��.�

���.�
�.���  Eq. 2 
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