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STERILIZATION PROCESS DESIGN FORA 
MEDICAL ADHESIVE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t under 35 U.S.C. §119 
(e) as a nonprovisional of US. Provisional Application No. 
61/601,718, ?led Feb. 22, 2012, titled STERILIZATION 
PROCESS DESIGN FOR A MEDICAL ADHESIVE, the 
entirety of which is incorporated herein by reference. 

BACKGROUND 

1. Field 
This disclosure generally relates to sterilization of medical 

devices, and in particular, to sterilization of medical adhe 
sives. 

2. Description of the Related Art 
Current treatments for varicose veins can in some cases can 

carry a high morbidity, be ineffective, and/ or be very painful, 
leaving the patients out of commission for quite some time. A 
closure system for varicose veins can compose several differ 
ent components within a kit, each requiring sterilization. 

SUMMARY 

The closure system kit can be sterilized by using Ethylene 
Oxide. However, in some cases, this process is not effective 
for ?uids such as medical adhesives in the kit. Therefore, a 
new process is needed to ef?ciently sterilize a medical adhe 
sive, such as a cyanoacrylate composition for treating, among 
other things, venous insu?iciency. Proper sterilization of the 
medical adhesive decreases the risk of infection, allows 
patients to be back on their feet as soon as possible, as well as 
having a relatively painless treatment process of varicose 
veins. A novel system and method for sterilization of medical 
adhesives is disclosed herein. 

The sterilized medical adhesive disclosed herein can be 
used in a medical device including a syringe ?lled with the 
medical adhesive that is systematically introduced into the 
treated vein via catheter. A dispenser gun is attached to the 
syringe in order to regulate precisely how much adhesive is 
dispensed with each pull of the trigger. Prior to use in the 
medical device, the adhesive is mixed and packaged in, for 
examples, 4 ml vials. In some embodiments, upon packaging 
in, for example, the 4 ml vials, the adhesive can be sterilized. 
In some embodiments, the vials can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10 ml or larger. 

In some embodiments, a method of sterilization is ?rst 
selected. After the method is selected, proper parameters can 
be chosen for the speci?c process in order to produce a sterile 
product. After establishing a validated sterilization process, 
lots of medical adhesive can be consistently sterilized in order 
to achieve ?rst demand. With proper maintenance and moni 
toring, the process can be used until the loading con?guration 
or speci?cations of the medical adhesive are changed. 

In some embodiments, the medical adhesives can be ster 
ilized before being packaged with the rest of a medical 
device’s components in, for example, a kit. The sterilization 
process can adhere to American National Standards Institute 
(ANSI) standards. This process can be executed once to ful?ll 
the ?rst demand and therefore can produce a lot size that 
accommodates this. This process can also be repeated reliably 
for multiple orders. The adhesive can then be tested to ensure 
that it performs to clinical and/or technical standards. The 
temperatures and durations for sterilization can be varied. 
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2 
In accordance with embodiments disclosed herein, there is 

provided a method for sterilizing a medical adhesive. The 
method comprises enclosing the medical adhesive in a ?rst 
housing, the ?rst housing con?gured to seal the medical adhe 
sive. The method further comprises positioning the ?rst hous 
ing with the medical adhesive in a tray, the tray con?gured to 
secure the ?rst housing in a ?rst predetermined position on the 
tray. The method further comprises positioning the tray with 
the ?rst housing on an oven rack, the oven rack inside an oven. 

The method further comprises operating the oven at a prede 
termined temperature pro?le over a time duration to heat the 
medical adhesive to about the predetermined temperature 
pro?le over the time duration suf?cient to sterilize the medi 
cal adhesive, wherein the predetermined temperature pro?le 
includes a temperature range of about 110° C. to about 120° 
C. and the time duration includes about 2 hours plus a ramp 
up time of about 40 minutes, wherein following the steriliza 
tion process a post-sterilization viscosity of the medical adhe 
sive is within about 5% of the pre-sterilization viscosity of the 
medical adhesive. Some embodiments may include one or 

more of the following features: enclosing a biological indi 
cator in a second housing, the second housing con?gured to 
seal the biological indicator, the biological indicator con?g 
ured to indicate whether sterilization has been achieved; posi 
tioning the second housing with the biological indicator in the 
tray, the tray con?gured to secure the second housing in a 
second predetermined position on the tray; wherein the bio 
logical indicator is enclosed in the second housing with the 
medical adhesive, and wherein the medical adhesive substan 
tially surrounds the biological indicator; enclosing the medi 
cal adhesive in a ?rst plurality of housings, the ?rst plurality 
of housings con?gured to seal the medical adhesive; position 
ing the ?rst plurality of housings with the medical adhesive in 
the tray, the tray con?gured to secure the ?rst plurality of 
housing in a ?rst plurality of predetermined positions on the 
tray; wherein the ?rst plurality of housing are heated to sub 
stantially a same temperature over the time duration; wherein 
the ?rst plurality of predetermined positions start at a center 
of the tray and radiate toward the perimeter as the ?rst plu 
rality of housing are positioned in the tray to help provide the 
same temperature over the time duration; enclosing a sub 
stance not for patient application in a second plurality of 
housings, the second plurality of housings con?gured to seal 
the substance; positioning the second plurality of housings 
with the sub stance in the tray, the tray con?gured to secure the 
second plurality of housing in a second plurality of predeter 
mined positions on the tray; wherein the second plurality of 
predetermined positions are substantially at a perimeter of the 
tray; and/ or wherein the medical adhesive comprises a 
cyanoacrylate. 

In accordance with embodiments disclosed herein, there is 
provided a method for sterilizing a medical adhesive. The 
method comprises enclosing the medical adhesive in a ?rst 
housing, the ?rst housing con?gured to seal the medical adhe 
sive. The method further comprises positioning the ?rst hous 
ing with the medical adhesive in a tray, the tray con?gured to 
secure the ?rst housing in a ?rst predetermined position on the 
tray. The method further comprises positioning the tray with 
the ?rst housing on an oven rack, the oven rack inside an oven. 
The method further comprises operating the oven at a prede 
termined temperature pro?le over a time duration to heat the 
medical adhesive to about the predetermined temperature 
pro?le over the time duration suf?cient to sterilize the medi 
cal adhesive, wherein the predetermined temperature pro?le 
includes a temperature range of about 1100 C. to about 1200 
C. and the time duration includes about 2 hours. 
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The foregoing is a summary and thus contains, by neces 
sity, simpli?cations, generalization, and omissions of detail; 
consequently, those skilled in the art will appreciate that the 
summary is illustrative only and is not intended to be in any 
way limiting. Other aspects, features, and advantages of the 
devices and/or processes and/or other subject matter 
described herein will become apparent in the teachings set 
forth herein. The summary is provided to introduce a selec 
tion of concepts in a simpli?ed form that are further described 
below in the Detailed Description. This summary is not 
intended to identify key features or essential features of any 
subject matter described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present disclosure 
will become more fully apparent from the following descrip 
tion, taken in conjunction with the accompanying drawings. 
Understanding that these drawings depict only some embodi 
ments in accordance with the disclosure and are, therefore, 
not to be considered limiting of its scope, the disclosure will 
be described with additional speci?city and detail through use 
of the accompanying drawings. 

FIG. 1A illustrates an embodiment of a load con?guration 
in a tray. 

FIG. 1B illustrates an embodiment of a load con?guration 
in a tray. 

FIG. 1C illustrates an embodiment of a load con?guration 
in a tray. 

FIG. 2 illustrates an embodiment for placement of thermo 
couples on a baking sheet. 

FIG. 3 illustrates an embodiment of a load con?guration in 
a tray. 

FIG. 4 illustrates an embodiment of a load con?guration in 
a tray with one type of biological indicator. 

FIG. 5 illustrates an embodiment of a load con?guration in 
a tray with two types of biological indicators. 

FIG. 6 illustrates a process ?ow diagram of an embodiment 
of a process quali?cation procedure. 

FIG. 7 illustrates a graph showing representative tempera 
ture pro?les for an embodiment of a load con?guration during 
a sterilization process. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings, which form a part hereof. In the 
drawings, similar symbols typically identify similar compo 
nents, unless context dictates otherwise. The illustrative 
embodiments described in the detailed description and draw 
ings are not meant to be limiting. Other embodiments may be 
utilized, and other changes may be made, without departing 
from the spirit or scope of the subject matter presented here. 
It will be readily understood that the aspects of the present 
disclosure, as generally described herein, and illustrated in 
the Figures, may be arranged, substituted, combined, and 
designed in a wide variety of different con?gurations, all of 
which are explicitly contemplated and make part of this dis 
closure. 

The headings provided herein are for convenience only and 
do not necessarily affect the scope or meaning of the claims. 

In some embodiments, a customized sterilization process 
is designed to be validated perANSI standards. First, a proper 
process can be selected to sterilize the product. In some 
embodiments, dry heat sterilization can be used. In addition 
to the type of sterilization, a method for determining if the 
resulting product would be sterile or not can be selected. For 
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4 
this determination, Biological Indicators (BI’s) can be used. 
However, there are many different choices to choose from. 

Second, parameters can be evaluated in order to choose the 
most ef?cient cycle time. In some embodiments, the cycle 
time can vary from about 1-8 hours, including about 2-7 
hours, including about 1, about 2, about 3, about 4, about 5, 
about 6, about 7, or about 8 hours, including ranges bordering 
and the foregoing values. The temperatures can vary from 
about 100 to about 200° C., including about 100 to about 120° 
C., including about 1 10 to about 120° C., including about 1 10 
to about 140° C., including about 120 to about 130° C., 
including about 120 to about 180° C., including about 140 to 
about 160° C., including about 100, about 105, about 110, 
about 115, about 120, about 125, about 130, about 135, about 
140, about 145, about 150, about 155, about 160, about 165, 
about 170, about 175, about 180, about 185, about 190, and 
about 195° C., including ranges bordering and the foregoing 
values. The sterilization cycle can be performed in one 8-hour 
workday, or shorter or longer time periods. Tests can have a 
Biological Indicator in the oven chamber that can indicate 
whether the process is adequate for the sterilization of the 
medical adhesive. The process that uses the least amount of 
heat for the shortest amount of time and passes a sterility test 
can be selected in some embodiments. Having a shorter 
amount of time while passing the sterility test can help 
achieve patient bene?ts as discussed herein with minimal 
costs. 

Further, not to be limited by theory, but using the least 
amount of heat (or temperature) necessary to sterilize the 
medical adhesive helps prevent curing of the medical adhe 
sive. In certain embodiments, at higher temperatures, a medi 
cal adhesive, such as a medical adhesive with cyanoacrylates, 
can lose viscosity when exposed to higher temperatures. 
Keeping the sterilization temperatures low, such as, for 
example, with nominal parameters as discussed herein with 
out requiring a relatively long heating time, helps prevent the 
loss of viscosity and prevent curing in some medical adhe 
sives. In some embodiments, following sterilization the dif 
ference between the viscosity of the adhesive is within about 
200 cp, 150 cp, 100 cp, 75 cp, 50 cp, 40 cp, 30 cp, 25 cp, 20 
cp, 15 cp, 10 cp, 5 cp, 2 cp, 1 cp or less compared to the 
pre-sterilization viscosity of the adhesive. In some embodi 
ments, following sterilization the difference between the vis 
cosity ofthe adhesive is within about 10%, 9%, 8%, 7%, 6%, 
5%, 4%, 3%, 2%, 1%, 0.5%, or less compared to the pre 
sterilization viscosity of the adhesive. Further systems and 
methods for treatment of venous insuf?ciency and other con 
ditions that can be used or modi?ed for use with sterilization 
systems and methods as described herein can be found, for 
example, in US. Pub. No. 2010/0217306 A1 to Raabe et al., 
which is hereby incorporated by reference in its entirety. 
Once the process and parameters have been determined, 

the process can be validated per ANSI standards. ANSI can 
involve a documented installation quali?cation, operation 
quali?cation and performance quali?cation. Once all three of 
those documents are written and performed, the process can 
be validated and a complete lot of medical adhesive will be 
able to undergo the sterilization process. In some embodi 
ments, the process described herein can produce the follow 
ing: (A) One or more sterilized lots of medical adhesive; (B) 
A validated sterilization process that is capable of being per 
formed in the future; (C) A process that canbe executed in one 
8-hour workday. 

To maintain sterility (prevent recontamination) after the 
sterilization process, the medical adhesive can be packaged 
into a sterile barrier, such as, for example, vials prior to 
sterilization as discussed herein. The sterile barrier can with 
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stand mechanical stresses such as stresses that arise during 
shipping and handling. In some embodiments, the sterile 
barriers (e. g., vials) can resist applications of torque ranging 
from about 4 to about 24 inch-pounds, including about 8 to 
about 16 inch-pounds, including ranges bordering and the 
foregoing values. The sterile barrier is able to maintain ste 
rility of the medical adhesive for about one-half to about 2 
years, including about 1 year, including ranges bordering and 
the foregoing values, after sterilization as discussed herein. 
Sterilization Processes 

Sterilization is the process of killing or removing microor 
ganisms from a product to help ensure that it is sterile. In some 
embodiments, sterilization may include one, two, or more of 
dry heat sterilization, moist heat sterilization (steam), steril 
ization using electromagnetic energy (including, for 
example, optical, RF, ultrasound, and microwave energy) 
and/or gas sterilization, e.g., with Ethylene Oxide (ETO). In 
some embodiments, electromagnetic energy sterilization 
could precede or follow heat sterilization. Each process may 
have varying parameters, which can result in highly customi 
zable sterilization solutions for each individual device. 

Dry heat sterilization can sterilize small objects and can 
involve inexpensive equipment. In some embodiments, the 
parameters include at or about 170° C. for one hour or 140° C. 
for three hours. The total cycle times can be about twice as 
long (e.g., two hours or six hours, respectively) due to the 
ramp up and cool down of the oven and the devices to be 
subjected to the process. 

In some embodiments, there are several advantages when 
choosing dry heat as the primary mode of sterilizing a device. 
Dry heat sterilization involves a process that is nontoxic. The 
setup can be simple to allow for implementing a process that 
can specialize for a single device in a cost effective manner. 
Because of these advantages, dry heat is a popular solution for 
small companies that are interested in low volume produc 
tion. However, dry heat sterilization can be applied on a large 
commercial scale. Due to the high temperatures, dry heat 
should be chosen for objects that can withstand such an envi 
ronment for an extended period of time. The slow rate of heat 
penetration and microbial killing may make this a time-con 
suming method that is not suitable for some materials. 

For products that cannot be exposed to long periods of high 
temperatures, moist heat sterilizations can provide an option 
that operates at a relatively lower temperature of approxi 
mately 121° C., for example. Because there is moisture in the 
air, the heat is more effective at killing the bacteria present on 
the device. 

Just like dry heat sterilization, moist heat provides a pro 
cess in which two variables can be controlled: temperature 
and time. Due to the lower temperature and shorter cycle 
times, hospitals and other healthcare facilities have steam 
sterilizers. These sterilizers can be used for quick sterilization 
of reusable equipment as well as liquids/?uids that are not 
affected by the heat or moisture. 
ETO can provide the ability to sterilize a kit containing 

many different component, which sets it apart from dry and 
moist heat. However, instead of having two parameters to 
regulate, there are four. These include time, temperature, 
heat, and ETO gas concentration/distribution. Since heat may 
be not the primary parameter for killing the bacteria, the 
process works with the penetration of the gas doing the work. 
This may limit the materials that can be sterilized with ETO 
because many materials cannot be easily penetrated. 

Each of these three processes provides their respective 
advantages and disadvantages and therefore, may be used in 
parallel for different components of a medical device. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Biological Indicators 

Biological Indicators (BIs) can be used to monitor the 
ef?cacy of sterilization processes for medical products. BIs 
contain high numbers, generally 104 to 106, of bacterial 
endospores that are highly resistant to the sterilization pro 
cess for which they are designed for. The spores of bacteria 
are placed on a vehicle that is used to transport the bacteria 
through the sterilization process in order to determine the 
efficiency of the process. In some embodiments, the spores 
are transported through the sterilization process via a suspen 
sion or a solid material such as a strip. BIs are the process 
indicators that directly monitor the lethality of a given steril 
ization process, have demonstrated resistance to the steriliza 
tion agent, and/ or are more resistant than the bioburden found 
on medical devices. 

There are several different kinds of BIs depending on the 
application and the sterilization process that is to be moni 
tored. Just like sterilization process selection, which BI to 
select can contribute to the overall effectiveness of the pro 
cess. Some common types of BIs include spore strips, mini 
spore strips, spore discs, self contained, spore ampoules, 
spore suspensions as well as custom spore solutions. 

Biological indicators are designed to test worst case sce 
narios and therefore can be placed in the hardest to reach 
places within the device. For example, if the device to be 
sterilized is a solid, hollow piece of plastic, the BI can be 
placed inside the thickest part of the device to help ensure that 
it represents the worst case scenario. For this example, a spore 
strip can be used due to its ability to be secured to the inside 
of the part and also since it is the cheapest of the available BIs. 
Discs and mini spore strips may be used when space is an 
issue and a standard strip will not suf?ce. Spore ampules and 
suspensions may be used for monitoring the sterilization of 
liquids, where a solid BI may absorb too much of the liquid 
and fall apart. 
Once a medium is chosen, there are several species of 

bacteria available to monitor speci?c sterilization processes. 
In some implementations, bacillus atrophaeus may be used to 
monitor dry heat and ETO while geobacillus stearothermo 
philus may be used for steam. Along with species, each BI can 
be tailored to operate within a temperature range and can be 
researched before selecting the one to monitor the steriliza 
tion process. 
Due to having living bacteria within the BIs, BIs should be 

handled with care and properly stored. In some embodiments, 
before use, they may be stored between about 0 to about 10° 
C., including about 2 to about 8° C., including about 1, about 
2, about 3, about 4, about 5, about 6, about 7, about 8, and 
about 9° C., including ranges bordering and the foregoing 
values. After the BIs are subjected to the sterilization cycle, 
they can be sent to a lab to undergo testing for bacterial 
growth. This involves an incubation period ranging from, 
about 1 to about 10 days, including about 2 to about 7 days, 
including ranges bordering and the foregoing values, depend 
ing on the exact product used. After incubation, the BIs are 
compared to the negatives/controls provided from the manu 
facturer to check for growth. Generally, a color change is 
triggered by bacterial growth and therefore can represent a 
failed sterilization process. 
Validation of Sterilization Processes 
Once an appropriate sterilization process is selected along 

with a suitable type of BI, the sterilization process can be 
validated. Once validated, the process is deemed suf?cient at 
sterilizing the products subjected to it and may be repeatable 
inde?nitely when monitored properly. There are several com 
ponents to the validation to help ensure all aspects of the 
process are regulated and operating per the manufacturer’s 
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instructions. The three main sections are the Installation 
Quali?cation (IQ), the Operation Quali?cation (OQ), and the 
Performance Quali?cation (PQ). 

IQ can help ensure that all equipment is installed as speci 
?ed within the user’s manual. This can include utilities such 
as water, electrical, steam, and air. Also involved is the overall 
construction and connections of the equipment to be used. All 
piping and wiring can be carefully inspected for discontinui 
ties that could negatively affect the performance of the equip 
ment. Pre-determined construction and installation param 
eters can be assessed once installation permits are obtained. 
Once the equipment has been inspected and documented, 

OQ can help ensure that it is operating correctly. OQ can 
include testing the equipment over its pre-de?ned and 
installed operating range to verify consistent performance. 
This can include all controls, alarms, and monitoring devices. 
OQ can include monitoring and documenting how the cham 
ber heats up and is distributed throughout it. Reproducible 
heating throughout the chamber can be demonstrated by per 
forming three empty chamber cycles. 
Once the equipment has been installed and is operating 

correctly, performance quali?cation can be performed. PQ 
can represent actual lots undergoing the sterilization process 
that are tested for bacterial growth. Four total cycles are to be 
completed in some embodiments. Three of these cycles are 
half cycles and the last is a full cycle. The reasoning for the 
half cycles comes from the overkill method. If a half cycle test 
properly sterilizes the product, then it is with much more 
certainty that a full cycle will substantially eliminate of bac 
terial growth. The half cycles can be performed at the mini 
mum, nominal, and maximum parameter settings. Therefore, 
the machine can be validated to run within a window, making 
the target parameters easier to control and regulate. 

The cycles can be tested using a full load of medical adhe 
sive as well as BIs distributed throughout. Once the four 
cycles are done, the BIs can be checked for bacterial growth. 
Every single BI that is subjected to the sterilization process 
should produce a negative result when tested for bacterial 
growth in order for PQ to be considered complete. 
Once the IQ, OQ, and PQ are completed the process is 

considered to be validated. All documentation and results can 
be presented in a comprehensive report that explains in detail 
the steps taken as well as the results that were observed for 
each necessary parameter. 
Design 

Overall, the end result can be a sterilized lot of medical 
adhesive. In order to achieve this, a sterilization process can 
be validated per ANSI standards. The sterilization process 
can be executed once to produce the lot for ?rst demand. 
However, if need be, all of the documentation and instructions 
will be in place to execute the sterilization process when 
needed. 

The sterilization process is designed in a manner that can 
use used with standard parts purchased from online retailers 
to keep cost at a minimum. Another way of keeping costs low 
is having the ability to execute the process within, e.g., the 
duration of one 8-hour work day. 
Sterilization Arrangement 
The following example provides certain embodiments of 

procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
are illustrative, and the parameters, equipment, and proce 
dures used can be varied in a myriad of ways depending on the 
speci?c application. 
The ?rst step in the sterilization of the medical adhesive 

can be choosing the means of sterilization. In some embodi 
ments, ETO is not used in certain circumstances due to the 
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8 
fact that it might not penetrate the glass vials in an ef?cient 
manner. That leaves both steam and dry heat as potential 
candidates in some embodiments. 
The medical adhesive itself can be highly reactive to water 

and plasma by design. This can causes concern with the steam 
method of sterilization. If any steam penetrates the vial’s 
septum or if there is a small amount of adhesive leaking out, 
the entire bottle’s adhesive can cure while in the steam oven. 

Therefore, in some embodiments, dry heat can be selected. 
While temperatures for dry heat processes can be higher than 
for steam processes, dry heat processes reduce the risk of 
adhesive curing. In some embodiments, a convection oven 
can be used, such as, for example, a Blue M 146 series 
convection oven available on the market. 

To determine the effectiveness of the sterilization process, 
biological indicators (BI) can be utilized in most or every 
cycle of the process quali?cation. In some embodiments, the 
BI include PT-1150,SGM Biotech SterilAmp II 5230. This is 
a self-contained ampoule with a population of 106 of tem 
perature resistant bacteria, Bacillus Sublilis. It is designed to 
work (be tested) within, e.g., 110-1 1 8° C., which can be used 
in sterilization parameters of, for example, 11515° C. 
PT-l 150, SGM. The placement of the BIs can be in the most 
dif?cult to sterilize location, which is in the center of the vial. 
The vial size is 50 mm (height) by 15 mm (diameter). The BI 
size is 26 mm (height) by 6.5 mm (diameter). When placed 
inside the vial, the BI can be completely submerged and 
surrounded by the product that is being sterilized. 

Sterilization Example 

The following example provides certain embodiments of 
procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
are illustrative, and the parameters, equipment, and proce 
dures used can be varied in a myriad of ways depending on the 
speci?c application. 

In some embodiments, Blue M 146 Series convection oven 
is used to sterilize medical adhesive in 6 ml vials. The vials 
canbe arranged as indicated in FIG. 1A. FIG. 1A illustrates an 
embodiment of a load con?guration in a tray 100 that can be 
placed on a baking sheet. In some embodiments, two or more 
trays 100 are placed into the convection oven. 
The BIs are placed in a number of vials, such as 11 vials. 

The BI’s can be completely submerged in medical adhesive. 
Five of the BI vials are loaded in a con?guration on a ?rst tray 
100 as illustrated in FIG. 1A with reference numbers 101, 
102, 103, 104, and 105 indicating an example con?guration. 
The other ?ve BI vials are loaded in a same con?guration on 
a second tray 100 as illustrated in FIG. 1A with reference 
numbers 101, 102, 103, 104, and 105 indicating an example 
con?guration, same as for the ?rst tray 100. It is understood 
that other load con?gurations of the vials on the tray are 
possible to sterilize or validate the sterilization process as 
discussed herein. In some embodiments, the ?rst and the 
second trays can have load con?gurations that are different 
from each other. The 10 vials can be labeled for reference. The 
eleventh vial is the control and is not placed in the oven (not 
loaded in the tray). All BIs, including the control, can come 
from the same lot of BIs. If multiple BI lots are used, then 1 
control BI & vial sample can be submitted for testing for each 
BI lot. If there are not enough vials in the lot to complete the 
load, appropriate dunnage vials as discussed herein can be 
used to ?ll the tray. Dunnage vials may be ?lled with, for 
example, tap water or medical adhesive. The dunnage vials 
can be full in some embodiments. The ?rst and second tray 
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100 are placed on, for example, the 2nd and 4th shelves (from 
the top) in the oven with complete loads as illustrated in FIG. 
1A. 
The tray(s) 100 with the vials are placed into the oven. The 

oven is turned on for the temperatures and durations as dis 
cussed herein for sterilization (e.g., full cycle at nominal 
parameters including about a generally linear, accelerating, or 
decelerating 10, 20, 30, 40, 50, or 60 minute ramp up to 
1 15150 C. for a 2 hour sterilization period and removal within 
about 30, 20, 15, 10 minutes, or less after sterilization). After 
completion of the sterilization cycle, the vials are cooled to 
350 C. or less. In some embodiments, the BI vials are not be 
refrigerated. The 11 BI vials (10 test units, 1 control) can be 
submitted for 3rd party testing. 

Another Sterilization Example 

The following example provides certain embodiments of 
procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
are illustrative, and the parameters, equipment, and proce 
dures used canbe varied in a myriad of ways depending on the 
speci?c application. 

In some embodiments, a Blue M 146 Series convection 
oven is used to sterilize medical adhesive in 6 ml vials. The 
vials can be arranged as indicated in FIG. 1B. FIG. 1B illus 
trates an embodiment of a load con?guration in a tray 120 that 
can be placed on a baking sheet. In some embodiments, two or 
more trays 120 are placed into the convection oven. 

Eleven (or more or less) product vials are selected ran 
domly from the sterilization load to make BI vials. BI is 
inserted into each BI vial using cleaned tweezers. The BIs are 
fully submerged in the adhesive. Ten of the BI vials are 
numbered from 1-10 on the cap and vial using, for example, 
a permanent marker, and the remaining vial is labeled with a 
‘C’ as a control sample. All BIs, including the control, can 
come from the same lot of BIs. When multiple BI lots are 
used, then 1 control BI vial can be submitted for testing for 
each BI lot. 

Five of the BI vials are loaded in a con?guration on a ?rst 
tray 120 as illustrated in FIG. 1B with reference numbers 121, 
122, 123, 124, and 125 indicating an example con?guration. 
The other ?ve BI vials are loaded in a same con?guration on 
a second tray 120 as illustrated in FIG. 1B with reference 
numbers 121, 122, 123, 124, and 125 indicating an example 
con?guration, same as for the ?rst tray 120. Product vials 126 
are loaded the tray 120 as illustrated in FIG. 1B starting from 
the center working outwards. It is understood that other load 
con?gurations of the vials on the tray are possible to sterilize 
or validate the sterilization process as discussed herein. In 
some embodiments, the ?rst and the second trays can have 
load con?gurations that are different from each other. The 
eleventh vial is the control and does not go in the oven. When 
there is vial space remaining in the tray 120 after loading the 
product vials 126, dunnage vials 127 can be used to ?ll the 
tray at the periphery as illustrated in FIG. 1B. Dunnage vials 
127 may be ?lled with, for example, tap water or medical 
adhesive. The dunnage vials 127 can be full in some embodi 
ments. The product vials 127 and dunnage vials 127 are 
inspected to help ensure the vial and cap are crack free and 
that the vial is ?lled to the appropriate level. The ?rst and 
second trays 120 are placed on, for example, the top and 
bottom shelves (from the top) in the oven with complete loads 
as illustrated in FIG. 1B. 

The outer two perimeter rows on each rack are not used for 
product and ?lled with dunnage vials 127. In some embodi 
ments, the outer 1, 2, 3, 4, 5, or more perimeter rows on each 
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10 
are not used for product and ?lled with dunnage vials 127. 
The vials in or near the outer perimeter of the tray 120 can be 
subjected to higher and lower temperature extremes in the 
oven than the vials toward the center of the tray 120. Keeping 
the product vial 126 toward the center of the tray 120 helps 
ensure that substantially all or most of the product vials 126 
are exposed to about the same temperature. 
The tray(s) 120 with the vials are placed into the oven. The 

oven is turned on for the temperatures and durations as dis 
cussed herein for sterilization (e.g., full cycle at nominal 
parameters including about a generally linear, accelerating, or 
decelerating 10, 20, 30, 40, 50, or 60 minute ramp up to 
1 15150 C. for a 2 hour sterilization period and removal within 
about 30, 20, 15, 10 minutes, or less after sterilization). After 
completion of the sterilization cycle, the vials are cooled to 
35° C. or less. In some embodiments, the BI vials are not be 
refrigerated. The 11 BI vials (10 test units, 1 control) can be 
submitted for 3rd party testing. Three percent (3%) of the lot’ s 
product vials 126 can be randomly selected (up to 10) and 
submitted to a 3rd party lab, for example, for pyrogen testing 
using a limulus amebocyte lysate (LAL) assay. 
Engineering Protocol 
An Engineering Protocol can include a validation plan for 

the dry heat sterilization of an adhesive. The Engineering 
Protocol can include components of the validation process 
and the reasoning for each step. The parameters can be chosen 
through experimentation. Once the parameters are chosen, 
they can be used for every cycle after the validation is com 
plete. In order to use different parameters on an of?cial, 
released lot, the new parameters can be validated through a 
separate validation plan. Additionally, a unique con?guration 
of, for example, 192 vials, can be used each time. The con 
?guration can contain all 192 vials or less in order to adhere 
to the validated process. In implementations where the 
desired lot is too small to ?ll out the con?guration, “dummy” 
(or dunnage) vials can be used to complete the con?guration. 
These “dummy” vials can be the exact size and shape of the 
actual vials and ?lled with an R&D lot of the adhesive or some 
other substance such as water. This can help ensure that the 
whole con?guration heats and cools as demonstrated within 
the process quali?cation. 
The process quali?cation can utilize the overkill method, 

for example, in order to validate the dry heat sterilization 
process. The overkill method tests the half cycles of the 
process to ensure that the full cycle can produce repeatable 
sterility as discussed herein. Three half cycles can be per 
formed at the nominal, minimum, and maximum parameters. 
One full cycle can be performed at the nominal parameters. If 
these tests can exhibit zero or substantially zero bacterial 

growth, they canbecome a validated process. If speci?cations 
within the Installation and Operation Quali?cation (IOQ) and 
PQ are met or exceeded, the validation can be completed. 

Example Engineering Protocol 

The following example provides certain embodiments of 
procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
are illustrative, and the parameters, equipment, and proce 
dures used can be varied in a myriad of ways depending on the 
speci?c application. 

In some embodiments, the Engineering Protocol is used to 
validate the dry heat sterilization process for medical adhe 
sives. This sterilization validation protocol can be executed to 
support sterility claims. The parameters that control the ster 
ilization process are exposure time and temperature. 
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The parameters validated for the dry heat sterilization pro 
cess of medical adhesive is 115° C.:5° for 4-4.5 hours. The 
con?guration validated is a 192 vial con?guration. This is the 
exact con?guration that some product lots can use. Dunnage 
vials are used to complete the load when lot sizes are smaller 
than the load con?guration. FIG. 1C illustrates an embodi 
ment of a load con?guration in a tray 110 placed on a baking 
sheet 112 that can be placed into an oven. 
The sterilization oven used is a Blue M Forced Convection 

Oven. The installation/operational quali?cation veri?es that 
the oven functions within the parameters of the sterilization 
process. This includes verifying the oven operation consis 
tency, temperature monitoring accuracy, and alarm function. 
The process quali?cation utilizes the overkill method in order 
to validate the dry heat sterilization process. The overkill 
method tests the half cycles of the process to ensure that the 
full cycle will produce repeatable sterility. Three half cycles 
are performed at the nominal, minimum, and maximum 
parameters. One full cycle is performed at the nominal 
parameters. 

The dunnage vials can include various R&D (medical) 
adhesive formulations. All of the different formulations rep 
licate the thermal properties of the various adhesives and 
therefore can be used to represent adhesives used in the mar 
ketplace. Additionally, in some embodiments, these proper 
ties are not affected by repeatedly being heated up and cooled 
down and therefore can be used until the vials show physical 
?aws. 

To determine the effectiveness of the sterilization process, 
biological indicators (BI) are utilized in every cycle of the 
process quali?cation. The BI utilized is PT-1150, SGM Bio 
tech Steril Amp II 5230 which is a self-contained ampoule 
with a population of 106 of temperature resistant bacteria, 
Bacillus Sublilis. The BI is designed to work (be tested) 
within 110-118° C., which is consistent with sterilization 
parameters of, for example, 11515° C. The placement of the 
BIs can be in the most dif?cult to sterilize locations, which is 
in the center of the vial. The vial size is 50 mm (height) by 15 
mm (diameter). The BI size is 25 mm (height) by 6.5 mm 
(diameter). When placed inside the vial, the BI is completely 
submerged and surrounded by the product that is being ster 
ilized. 

Each quali?cation test can meet the speci?cations as ref 
erenced in each respective document. Both the IOQ and the 
PQ can be completed in order for the sterilization process to 
be validated. Any units not used for testing from the steriliza 
tion validation lots can be released for clinical use, provided 
that full traceability is maintained and the sterilization vali 
dation results are as expected. 

Bioburden is established and documented to ensure that the 
numbers and resistance of bioburden are within the allowable 
range for the parameters being used. For small batch steril 
ization of less than 10 cubic feet, a minimum of BIs are used. 
Twelve BIs and an additional negative BI are distributed 
throughout the load. For small batch sterilizations of less than 
10 cubic feet, three temperature sensors are used. In some 
embodiments, six temperature sensors are used to ensure the 
uniformity of the chamber (less than 4 cubic feet). 
IOQ can demonstrate that the equipment has been installed 

according to the manufacturer’s speci?cations and that the 
equipment operates according to design speci?cations for 
performance, control system function, and data collection 
systems associated with the equipment. The physical portion 
of the PQ can demonstrate that the sterilization process is 
reproducible over the range of conditions proposed for rou 
tine processing. The microbiological portion of the PQ can 
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12 
demonstrate that the sterilization process consistently 
achieves sterility of 10—6 over the range of conditions pro 
posed for routine processing. 
Installation and Operation Quali?cation 
The Installation and Operation Quali?cation (IOQ) can be 

used to provide documented evidence that the equipment 
involved has been correctly installed and operating per the 
manufactures speci?cations. As discussed herein, in some 
embodiments, the piece of equipment used for the steriliza 
tion process is a Blue M Oven. 

In some embodiments, the ?rst step can be ensuring that the 
equipment was properly labeled and all appropriate docu 
ments present. This can include both tags from the manufac 
turer as well as from an adhesive designer. This checks to 
make sure that the equipment is properly accounted for within 
the quality system and therefore can be subjected to all of the 
appropriate documentation. Included in the IOQ can be a 
preventative maintenance schedule that can be kept up to date 
for the duration of the equipment being used. Since the oven 
can be used for a process that will be validated, a “No Cali 
bration Required” sticker can also be present. 
Once all of the paperwork had been taken care of, the oven 

can be installed. Installation can start at the source of power. 

A Digital Multi Meter (DMM) can be used to check that the 
proper voltage is being provided for the unit. In some embodi 
ments, once checked, the oven may not be moved and/ or used 
for production without a new IOQ being executed. An initial 
visual inspection of all electrical components can also ensure 
that the oven will be safely operating from the start. After the 
IOQ, preventative maintenance can monitor this. 

After the oven has been installed in its permanent location, 
it can be proved that it is performing as per the speci?cations 
detailed in the owner’ s manual. The ?rst step can be powering 
the unit on and bringing the oven up to a temperature. Next, it 
can be veri?ed that the oven properly shuts off when it expe 
riences power loss (pull out the plug). Once plugged back in, 
it may resume heating. Similar tests can be run to verify that 
the alarm system is in working condition. 
An oven should be consistent in its performance. The oven 

can be mapped to verify that the heating is consistent through 
out the chamber. To do this, ?ve (or more or less) thermo 
couples can be placed throughout the chamber and tested on 
three different levels. The oven can demonstrate even heating 
to pass inspection. FIG. 2 illustrates an embodiment for 
placement of thermocouples on a baking sheet and/or oven 
rack 112 to measure a temperature gradient of the oven. Five 
thermocouples are located on the baking sheet 112 as indi 
cated by reference numbers 114, 115, 116, 117, and 118 in 
FIG. 2. The IOQ document can be completed and ?led with 
quality assurance before moving on to the parameter testing. 
Parameter Testing 

In order to determine the appropriate parameters for the 
sterilization process, several tests can be completed to help 
verify the acceptability of each option. In some embodiments, 
the variables include time exposed to the heat and tempera 
ture of the oven Half cycles durations of 2, 3 and 4 hours can 
be used with temperatures of, for example, 120 and 130° C. 
Half cycle times can be used in order to exercise the overkill 
method as discussed herein. In some embodiments, the cycle 
time can vary from about 1-8 hours, including about 2-7 
hours, including about 1, about 2, about 3, about 4, about 5, 
about 6, about 7, or about 8 hours, including ranges bordering 
and the foregoing values. The temperatures can vary from 
about 100 to about 200° C., including about 100 to about 120° 
C., including about 1 10 to about 120° C., including about 1 10 
to about 140° C., including about 120 to about 130° C., 
including about 120 to about 180° C., including about 140 to 
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about 160° C., including about 100, about 105, about 110, 
about 1 15, about 120, about 125, about 130, about 135, about 
140, about 145, about 150, about 155, about 160, about 165, 
about 170, about 175, about 180, about 185, about 190, and 
about 195° C., including ranges bordering and the foregoing. 

Throughout the duration of the parameter testing, six bio 
logical indicators can be used, one for each combination of 
parameters. Twelve vials ?lled with the medical adhesive can 
be used in testing. One vial may have a biological indicator 
placed within it; another may have a thermocouple placed 
within it through a slit in the septum. The testing can be done 
in random order and the oven may be allowed to completely 
cool in between tests to help ensure accuracy. 

After test runs are completed, the self-contained biological 
indicators as well as a negative control can be sent to a 

laboratory such as, for example, Micromed Laboratories, to 
undergo resistance performance testing. The BI’s can be 
incubated at, for example, about 40 to about 70° C., including 
about 55 to about 60° C., including ranges bordering and the 
foregoing values, for about 1 to about 10 days, including 
about 2 to about 7 days, including 48 hours, including ranges 
bordering and the foregoing values. If the samples show no or 
substantially no bacterial growth, the tested parameters may 
be acceptable to move forward with. The shortest cycle time 
at the lowest possible temperature can be selected reduce 
degradation and costs as well as adhesive curing as discussed 
herein. Additional tests may be performed to pursue optimal 
parameters. 
A test can include two runs at 110° C. for 2 hours. The same 

procedure may be followed as the previous tests and produce 
similar results. In some embodiments, the cycle time can be 2 
hours at a minimum temperature of 110° C. 

Process Quali?cation/Validation 
A Process Quali?cation (PQ) can provide instructions for 

the process quali?cation of the dry heat sterilization of the 
medical adhesive. PQ can outline the details of the three half 
cycle tests as well as the one full cycle test that will validate 
the process per the ANSI standard. 

Each test can include a full 192 vial con?guration with 12 
BI’s within vials. The con?guration can be placed, for 
example, in the middle of the third rack from the bottom of the 
Blue M 146 series convection oven. The three half cycles can 
use “dummy” vials to ?ll out the con?guration, while the full 
cycle can use actual adhesive. Therefore, if all tests pass, the 
resultant may not only be a validated process, but also a 
sterilized lot of medical adhesive. 
As an example, a minimum half cycle can be performed at 

110° C., followed by a nominal and maximum half cycle at, 
for example, 120 and 130° respectively. Then a full 4 hour 
cycle at the nominal temperature can be executed. For the 
duration of these tests, once the oven gets up to temperature, 
it can remain within 5 degrees of the desired temperature to be 
valid. 

Throughout the test, readings from the six thermocouples 
placed in vials within the con?guration can be recorded. Once 
completed, the BI’s can be dropped off at a laboratory as 
discussed herein for testing. In order for the process to be 
validated, all 48 BIs should show zero or substantially zero 
signs of bacterial growth after incubation. 

Example Process Quali?cation Procedure 

The following example provides certain embodiments of 
procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
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14 
are illustrative, and the parameters, equipment, and proce 
dures used can be varied in a myriad of ways depending on the 
speci?c application. 

In some embodiments, the PQ uses the overkill method to 
validate the dry heat sterilization process. By testing three 
batches at the half cycles, it can be determined that the full 
cycle will produce a sterile product consistently. In some 
embodiments, the BIs can be stored in the refrigerator. Prior 
to testing, the BI’ s can be brought to room temperature before 
being exposed to the sterilization cycle. 

FIG. 6 illustrates a process ?ow diagram of an embodiment 
of a process quali?cation procedure 190. In some embodi 
ments, minimum parameter testing for 2 hours (half cycle) 
191 includes the following. The oven is turned on to 110° C. 
and the alarm is set to 120° C. A 192 vial load con?guration 
is arranged in a tray 130 as illustrated in FIG. 3. FIG. 3 
illustrates an embodiment of a load con?guration in a tray 
130. Nineteen vials are ?lled with a ?rst medical adhesive. 
173 dunnage vials are ?lled with a second medical adhesive 
that can be the same, similar, or different from the ?rst medi 
cal adhesive. Six thermocouples are arranged on the tray 130 
as illustrated in FIG. 3 as T1, T2, T3, T4, T5, and T6 indicat 
ing an example con?guration. It is understood that other 
thermocouple arrangements and con?gurations on the tray 
130 are possible to measure or sample the temperature of the 
vials during sterilization. The thermocouples can placed into 
the vials by slicing a slit into the septum of the vials with a 
razor blade and sliding the thermocouples into the vials 
through the slit in the septum. BI vials are loaded on the tray 
130 as illustrated in FIG. 3 with reference number 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, and 12 indicating an example con?gura 
tion. A negative control BI is loaded on the tray 130 as 
illustrated in FIG. 3 with reference N indicating an example 
con?guration. It is understood that other load con?gurations 
of the vials on the tray 130 are possible to qualify or validate 
the sterilization process as discussed herein. The vials can be 
labeled to indicate the various vials loaded in the tray 130 as 
discussed herein. When the oven temperature has reached the 
sterilization temperature, the baking sheet and tray are placed 
onto the third rack from the bottom of the oven and slid back 
until the baking sheet is in the middle of the oven. In some 
embodiments, the tray is placed into the oven during warm up 
to the sterilization temperature. Each thermocouple is con 
nected to a thermometer. Observations can be recorded every 
15 minutes for 2 hours. The vials can remain at 110:5° C. 
once the temperature has been reached. Once the cycle is 
complete, the vials are allowed to return to room temperature. 
In some embodiments, once at room temperature, the BI 
containing vials can be stored in a refrigerator until sent to a 
lab for analysis 196. 

In some embodiments, nominal parameter testing for 2 
hours (half cycle) 192 includes the following. The oven is 
turned on to 115° C. and the alarm is set to 125° C. The same 
procedures as discussed above for minimum parameter test 
ing can be followed. The vials can remain at 115:5° C. once 
the temperature has been reached. In some embodiments, 
once at room temperature, the BI-containing vials can be 
stored in a refrigerator until sent to a lab for analysis 196. 

In some embodiments, maximum parameter testing for 2 
hours (half cycle) 194 includes the following. The oven is 
turned on to 120° C. and the alarm is set to 130° C. The same 
procedures as discussed above for minimum parameter test 
ing can be followed. The vials can remain at 120:5° C. once 
the temperature has been reached. In some embodiments, 
once at room temperature, the BI-containing vials can be 
stored in a refrigerator until sent to a lab for analysis 196. 



US 8,808,620 B1 
15 

In some embodiments, full cycle at nominal parameters for 
4 hours 195 includes the following. The oven is turned on to 
115° C. and the alarm is set to 125° C. A 192 vial load 
con?guration is arranged in a tray 130 as illustrated in FIG. 3. 
All vials can be ?lled with medical adhesive. No dunnage 
vials are used. Six thermocouples are arranged on the tray 130 
as illustrated in FIG. 3 as T1, T2, T3, T4, T5, and T6 indicat 
ing an example con?guration. It is understood that other 
thermocouple arrangements and con?gurations on the tray 
130 are possible to measure or sample the temperature of the 
vials during sterilization. The thermocouples can placed into 
the vials by slicing a slit into the septum of the vials with a 
razor blade and sliding the thermocouples into the vials 
through the slit in the septum. BI vials are loaded on the tray 
130 as illustrated in FIG. 3 with reference number 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, and 12 indicating an example con?gura 
tion. A negative control BI is loaded on the tray 130 as 
illustrated in FIG. 3 with reference N indicating an example 
con?guration. It is understood that other load con?gurations 
of the vials on the tray are possible to qualify or validate the 
sterilization process as discussed herein. The vials can be 
labeled to indicate the various vials loaded in the tray 130 as 
discussed herein. When the oven temperature has reached the 
sterilization temperature, the baking sheet and tray are placed 
onto the third rack from the bottom of the oven and slid back 
until the baking sheet is in the middle of the oven. In some 
embodiments, the tray is placed into the oven during warm up 
to the sterilization temperature. Each thermocouple is con 
nected to a thermometer. Observations can be recorded every 
15 minutes for 4 hours. The vials can remain at 115:5° C. 
once the temperature has been reached. Once the cycle is 
complete, the vials are allowed to return to room temperature. 
Once at room temperature, the BI-containing vials can pack 
aged in such a way as to help ensure the vials remain upright 
for delivery to a lab for analysis to check for no or substan 
tially no bacterial growth 196. 

Another Example Process Quali?cation Procedure 

The following example provides certain embodiments of 
procedures related to sterilization of medical adhesives and 
other compositions. As will be understood, these examples 
are illustrative, and the parameters, equipment, and proce 
dures used canbe varied in a myriad of ways depending on the 
speci?c application. 

Sterilization of a medical adhesive is accomplished using a 
low temperature dry heat process. It has been found that 
sterilization of the adhesive at 115:5° C. does not signi? 
cantly degrade the product and has previously been validated 
with a process differing in the overall mass of product steril 
ized and time of sterilization. FIG. 6 is a process ?ow diagram 
of an embodiment of a process quali?cation procedure 190. 

In some embodiments, the quali?cation procedure 190 
uses the overkill methodto validate the sterilization process at 
the required temperature for a sterilization time of 2 hours. 
The adhesive is packaged in 6 ml vials with 320 units placed 
in a ventilated tray 140 as illustrated in FIG. 4. Example 
biological indicators (BIs) for quali?cation testing include 
Raven 1-6100TT and 3-6100TT. By using the overkill 
method to test three batches at the half cycle (min, nominal, 
max for 1 hour), it can be determined that the full cycle can 
consistently produce sterile product. 

The following tests are conducted: (A) One test 320 6 ml 
vials for 1 hour at minimum conditions 191 with Raven 
1-6100TT; (B) One test of 320 6 ml vials for 1 hour at nominal 
conditions 192 with Raven 1-6100TT and Raven 3-6100T; 
(C) One test of 320 6 ml vials for 1 hour at maximum condi 
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tions 194 with Raven 1-6100TT; (D) One test of 320 6 ml 
vials for 2 hours at nominal conditions 195 with Raven 
1-6100TT and Raven 3 -6100T. 

FIG. 4 illustrates an embodiment of a load con?guration in 
a tray 140 with a single BI type. 321 vials total are placed in 
the tray 140 on the 3rd shelf from the bottom of the Blue M 
Oven including: (A) 10 vials are ?lled with medical adhesive 
and BIs and loaded in a con?guration as illustrated in FIG. 4 
with reference numbers 141, 142, 143, 144, 145, 146, 147, 
148, 149, and 1410 indicating an example con?guration; (B) 
1 vial is ?lled with medical adhesive and a BI placed inside to 
be a controlithis vial does not go in the oven but is sent for 
testing with the above 10 BI vials; (C) 5 vials are ?lled with 
TEC (triethyl citrate) with holes drilled in the caps for ther 
mocouple placement and loaded in a con?guration as illus 
trated in FIG. 4 with reference number 151, 152, 153, 154, 
and 155 indicating an example con?guration; (D) dunnage 
vials are ?lled with water. 

Ten BI samples are placed in the sterilization tray 140 as 
shown in FIG. 4. Additionally, one control BI from the same 
lot as the previous 10 BIs is used as a control. Five thermo 
couples are used to monitor temperature at the four corners 
and the center of the sterilization tray 140. Water can be a 
viable substitute for the adhesive in the dunnage vials because 
water can have a higher heat capacity than some medical 
adhesives. TEC is used in the vials containing thermocouples 
because it has a 300° C. (testing runs at 125° C. max) boiling 
point to reduce blowing by thermocouple-to-vial seals at 
sterilization temperature. 

FIG. 5 illustrates an embodiment of a load con?guration in 
a tray 160 with two BI types. Using two types biological 
indicators (BI) can help increase validation/quali?cation e?i 
cacy and test for sterilization effectiveness for possible vari 
ous types of bacterial growth. In some embodiments, more 
than two, including three, four, ?ve or more BIs may be used 
to help increase validation/quali?cation ef?cacy and test for 
sterilization effectiveness for possible various types of bac 
terial growth. 322 vials total are placed in the tray 160 on the 
3rd shelf from the bottom of the Blue M Oven including: (A) 
20 are ?lled with SCA and BI’s and labeled as indicated for 
the two BI types in the diagram below as illustrated in FIG. 5 
with reference numbers 161, 162, 163, 164, 165, 166, 167, 
168, 169, and 1610 indicating an example con?guration for 
the 1-6100TT BI vials and 171,172,173,174,175,176,177, 
178, 179, and 1710 indicating an example con?guration for 
3-6100TT BI vials; (B) 3 vials are ?lled with a medical 
adhesive, a 1-6100TT BI in medical adhesive, and a 
3-6100TT BI in medical adhesive as controlsithese vials do 
not go in the oven but are sent for testing with the above 20 BI 
vials; (C) 5 vials are ?lled with TEC with holes drilled in the 
caps for thermocouple placement and loaded in a con?gura 
tion as illustrated in FIG. 5 with reference number 181, 182, 
183, 184, and 185 indicating an example con?guration; (D) 
dunnage vials are ?lled with water. 

Twenty BI samples are placed in the sterilization tray 160 
as shown in FIG. 5. Additionally, one control BI from the 
same lot as the previous 20 BIs is used as a control. Five 
thermocouples are used to monitor temperature at the four 
corners and the center of the sterilization tray 140. Water can 
be a viable substitute for the adhesive in the dunnage vials 
because water can have a higher heat capacity than some 
medical adhesives. TEC is used in the vials containing ther 
mocouples because it has a 300° C. (testing runs at 125° C. 
max) boiling point to reduce blowing by thermocouple-to 
vial seals at sterilization temperature. 

In some embodiments, minimum conditions, half cycle 
testing for 1 hour 191 includes the following. The BI’s are not 
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refrigerator either before or after testing. Upon opening a BI, 
it is placed directly into the test vial. The BI is veri?ed to be 
completely submerged in the medical adhesive before tightly 
screwing on vial cap. The oven is turned on to 1 10° C. and the 
alarm is set to 120° C. The vials are loaded on the tray as 
discussed above. Dunnage vials are veri?ed to be 90%+ ?lled 
with tap water and the cap screwed on. Vials containing BIs 
are ?lled with medical adhesive and the cap screwed on. Vlals 
containing thermocouples are ?lled with TEC and drilled 
through caps screwed on. In some embodiments, the vial 
initial temperature can start at between 17-35° C. When the 
oven temperature has reached the sterilization temperature, 
the baking sheet and tray are placed onto the third rack from 
the bottom of the oven and slid back until the baking sheet is 
in the middle of the oven. In some embodiments, the tray is 
placed into the oven during warm up to the sterilization tem 
perature. Each thermocouple is connected to a thermometer. 
The timer is started once all thermocouples reach at least 105° 
C. Observations can be recorded every 15 minutes for 1 hour. 
The vials can remain at 11015° C. once the temperature has 
been reached. Once the cycle is complete, the vials are 
allowed to return to room temperature. Once at room tem 
perature, the BI-containing vials are sent to a lab for analysis. 

In some embodiments, nominal conditions, half cycle test 
ing for 1 hour 192 includes the following. The oven is turned 
on to 115° C. and the alarm is set to 125° C. The same 
procedures as discussed above for minimum conditions test 
ing can be followed. The timer is started once all thermo 
couples reach at least 110° C. Observations can be recorded 
every 15 minutes for 1 hour. The vials can remain at 115:5° 
C. once the temperature has been reached. 

In some embodiments, maximum conditions, half cycle 
testing for 1 hour 194 includes the following. The oven is 
turned on to 120° C. and the alarm is set to 130° C. The same 
procedures as discussed above for minimum conditions test 
ing can be followed. The timer is started once all thermo 
couples reach at least 115° C. Observations can be recorded 
every 15 minutes for 1 hour. The vials can remain at 120:5° 
C. once the temperature has been reached. 

In some embodiments, nominal conditions, full cycle test 
ing for 2 hours 195 includes the following. The oven is turned 
on to 115° C. and the alarm is set to 125° C. The same 
procedures as discussed above for minimum conditions test 
ing can be followed. The timer is started once all thermo 
couples reach at least 110° C. Observations can be recorded 
every 15 minutes for 2 hour. The vials can remain at 115:5° 
C. once the temperature has been reached. 

FIG. 7 illustrates a graph showing representative tempera 
ture pro?les for an embodiment of a load con?guration in an 
oven during a sterilization process as discussed herein. In 
some embodiments, there are ten thermocouples for a given 
load con?guration as in the above embodiments of FIGS. 4 
and 5. For example, ?ve vials are ?lled with TEC (triethyl 
citrate) with holes drilled in the caps for thermocouple place 
ment and loaded in a con?guration as illustrated in FIG. 4 
with reference number 151, 152, 153, 154, and 155 indicating 
an example con?guration. As another example, ?ve vials are 
?lled with TEC with holes drilled in the caps for thermo 
couple placement and loaded in a con?guration as illustrated 
in FIG. 5 with reference number 181, 182, 183, 184, and 185 
indicating an example con?guration. In some embodiments, 
more or less than ?ve thermocouples per tray may be used. 
Two trays can be loaded into the oven. In some embodiments, 
one or more than two trays may be loaded into the oven. 

The temperature pro?le illustrated in FIG. 7 of the ten 
thermocouples shows that the vials are heated substantially 
uniformly throughout the sterilization process with an initial 
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ramp-up period and post cool-down period as discussed 
herein. Substantially uniform temperature distribution helps 
ensure ef?cacy and validation of the sterilization process as 
discussed herein. In some embodiments, the thermocouples 
for a given load con?guration stay within about a 10° C. range 
of each other. In some embodiments, the thermocouples for a 
given load con?guration may stay within about a 5 to about 
20° C., including about a 7 to about 15° C., range of each 
other, including ranges bordering and the foregoing values. 
The foregoing procedures can produce one sterile lot of 

medical adhesive ready for ?rst demand. After the vials that 
contained the BIs and thermocouples are discarded, the lot 
size 173 vials can be documented and stored in a cool, dry 
place. Some vials can undergo additional testing to ensure 
that the adhesive formulation still performs to the same stan 
dards as it did before the process. 

In some embodiments, a full cycle time of about 4 hours 
can lead to the entire process to being done in one day. This 
can includes 2 hours for ?lling up the vials, 4 hours in the oven 
and 1 hour to cool down. Thus, in one work day the adhesive 
can easily go from a single container, to individual vials all 
sterilized by a validated process. 

In some embodiments, the full cycle time can be about 2 
hours which can lead to the entire process to being done in one 
day. This can includes 2 hours for ?lling up the vials, 2 hours 
in the oven and 1 hour to cool down. Thus, in one work day the 
adhesive can easily go from a single container, to individual 
vials all sterilized by a validated process. In some embodi 
ments, the full cycle time can be less than 2 hours, between 
about 2 to about 4 hours, or more than 4 hours. 

Running the process again incurs primarily the additional 
costs of powering the oven and to pay an employee a day’s 
worth of wages. This can be due to the fact that all ?xtures and 
trays being used in the process can be reused for every future 
run. Moreover, the cost of running the oven may be negli 
gible. 

With the process is in place, it can be used when needed. As 
per the standard, the oven can be dedicated to this process and 
as long as it is not moved to a different location, it can sterilize 
a new lot. If there are any changes in the formulation of the 
adhesive or if a new packaging method are established instead 
of the vials, further sterilization and/or validation processes 
may be developed. In either of these cases, a new validation 
may be executed in order to comply with ANSI standards. 
However, much of the work needed to be done for the vali 
dation will be completed already. The parameters and con 
?guration can remain the same. But the PQ will need to be 
performed with whatever new changes to the formulation or 
vial that have been implemented. 

In some embodiments, the process can be characterized as 
follows: (A) The whole cycle of ?lling the vials and sterilizing 
them can be completed in one 8-hour work day; (B) The lot 
size is large enough to meet needs without having to execute 
multiple runs; (C) The whole validation can be completed for 
a fraction of the cost compared to quotes received from ven 
dors; (D) The established quality systems in place can be 
maintained; (E) The process can be validated per ANSI stan 
dards; and (F) One sterilized lot of medical adhesive can be 
ready for ?rst demand clinical trials 

Sterilization of adhesives as disclosed herein and/or its 
packaging can be accomplished by various methods. These 
methods include chemical, physical, and/or irradiation meth 
ods. Examples of chemical methods include exposure to eth 
ylene oxide or hydrogen peroxide vapor. Examples of physi 
cal methods include sterilization by heat. In some 
embodiments, an adhesive can be heat- sterilized at a tempera 
ture ofless than about 170° C., 160° C., 150° C., 140° C., 130° 






