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In the daily operation of eye banks, the transportation of corneas is an essential part of the supply chain.
Current industry standards require that eye banks use a packaging method designed to prevent freezing of
tissue and to maintain cool storage. The package content must demonstrate residual coolant in effect at the time
of use, removal to mechanical storage or replacement of the coolant,

This validation study was designed to determine the interval of cooling effect of Insulated Shipping
Containers in controlled and non-controlled shipping environments. This study shows that when optimal current
practices and procedures are followed proper cooling requirements can be met. This applies for shipping
corneal tissue locally, nationally, and internationally to surgeons and blood sampies nationally to serology-
testing laboratory.

The suitability of small, medium and large Insulated Shipping Containers and industry related packing
procedures used by the eye banking industry in the United States were assessed. This report encompasses the
results related to packing, shipping and monitoring of temperature data loggers during actuat shipping events
that simulated current practices utilized by industry for packing and shipping of corneal tissue. The containers
were also tested against ISTA 5B/7D standards as shown in the BSTA extreme summer profile challenge.

Measuring internal temperature, amount of ice, and external temperature, allowed us to develop a predictive
mathematical model. This modeling can greatly improve shipping practices by providing accurate information on
expected internal temperatures at various external temperatures. This validation study model will help shippers
make decisions on the proper package to ship corneas locally, nationally and internationally, helping to improve
outcomes on corneatl transplantation.

Small Insulated Shipping Containers are preferred for shipping corneas locally for times up to 24 hours.
Medium Insulated Shipping Containers are preferred for shipping corneas and blood for serology testing locally,
nationally and internationally for times up to 48 hours. Large shipping containers are preferred for shipping
corneas internationally for up to 72 hours.

Al sizes studied maintain proper cooling effect when the appropriate grams of wet ice are packaged for the
needed time interval. Key considerations are temperature of shipping route, destination and quantity of wet ice

packed. This assures that the amount of cooling effect over time wilt suffice.
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Shipping Container Validation Study

1.0

INTRODUCTION

11

in the daily operation of eye banks, the transportation of corneas is an essential part of the supply
chain. Current industry standards require that eye banks use a packaging method designed to
prevent freezing of tissue and to maintain cool storage. The package content must demonstrate
residual coolant in effect at the time of use, removal to mechanical storage or replacement of the
coolant. This validation study was designed to determine the interval of cooling effect of Insulated
Shipping Containers in controlled and non-controlled shipping environments.

2.0 PURPOSE

3.0

4.0

2.1

2.2

2.3

2.4

Current Good Tissue Practice for Manufacturers of Human Cellular and Tissue-Based Products
under 21 CFR 1271.195 requires establishments to identify any environmental conditions that require
monitoring and control. This rule requires that procedures be written for environmental control and
monitoring activities of systems where an environmentat condition could have an adverse effect on
the tissue-hased product, causing contamination or cross-contamination.

Eye Bank Association of America Medicat Standard L2.000 requires that an eye bank use a
packaging method designed to maintain cool storage where the package content demonstrates
remaining coolant effect at the time of use, removal to mechanical storage or replacement of the
coolant. The package must also prevent freezing.

This validation study shows that when optimal current practices and procedures are followed proper
cooling requirements can be met. This appiies for shipping corneal tissue and bloed samples to and
from an eye bank and serofogy-testing laboratory, locally, nationally and internationally

This validation study was completed to determine the interval cooling effect of Insulated Shipping
Containers in controlied and naon-controlled shipping environments that included worse case
temperature scenarios as shown on Appendix 18, 19 and 20.

SCOPE

3.1

3.2

The suitabitity of small, medium and large Insulated Shipping Containers and industry related
packing procedures used by the eye banking industry in the United States were assessed.

This report encompasses the resuls related to packing, shipping and monitaring of temperature data
loggers during actual shipping events that simulated current practices utilized by industry for packing
and shipping of corneal tissue.

MATERIALS

4.1

Insulated Shipping Containers and inserts:
a, Shipping Cantainer Dimensions

b.The average size of shipping boxes {ested featured a thick-walled container of 1.5", expanded
polystyrene foam. A tight fitting lid plug which assures thermal efficiency.

¢. SMALL — inside length 8", inside width 8", inside depth 4.25"
d.MED{UM - inside length 8", inside width 67, inside depth 8.75"
e.LARGE - inside length 11", inside width 8.5", inside depth 9.25"
f. Quter cases are 200-Ib. test corrugated cardhoard

g.Generic shipping boxes similar to the type used in this vaildation study should return similar resuits
when utilized. Using smaller or larger containers than those identified in this validation study may
decrease or increase thermal shipping times.
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5.0

6.0

4.2 Dickson SK500 Temperature Data Loggers:

4,3
4.4

4.5
4.6

47
4.8

a. Temperature Accuracy £1.8F (z1C) over range -4 to +158°F {-20 to +70°C)
b. Temperature Range -4 to 158F, -20 to 70C

c. Calibration - is the process of making a zero (low scale) adjustment so that it maiches exactly to a
known standard, and a separate span (high scale} adjustment that also matches the unit exactly
to a known standard. These two independent adjustment procedures are repeated until the unit
matches the known standard, within its allowed specification. After this process is complete, the
unit is accurate throughout its full measurement range.

d. Approval — CE approved

e. Data Logger Caiibration — the data loggers were calibrated in June 2008.
Foam inserts

Plastic bag(s)

a. For {he foam inseri

b. Dickson SK500 data logger (4" x 7" zip lock)

c. Forwetice (12" x 18”)

Packing Tape

lce bag sealer is an American internationat Electronics impulse Sealer with Magnet Model AIE-
405MC

fce Scoopisa 24 0z-710 ml

Scale - Francotyp-Postalia P150 with a weight capacity of 0.2 oz. to 150 Ib. and accuracy of +/- 0.2
oz, from 0-4 Ib. and +/- 0.5 oz from 4-150 Ib.

4.9 Wet ice from a Manitowoc model QM-45, self contained air cooled dice cube ice maker

PACKING AND SHIPPING POLICIES AND PROCEDURES

5.1
52

53

Vision Share Facilities are located across various regions/climates nationwide.

Generic packing and shipping procedures utitized for this validation study should return simitar
results when closely followed.

The procedure used in this validation study are described in L2.000 Packaging, Sealing and Packing
for Transport in the Procedures Manual of the Eye Bank Association of America.

SAMPLING SCHEME

6.1

6.2

6.3

6.4

This report includes a control set of data, a data set for winter months (October - March) and a data
set summer months {April — September) as welt as an extreme temperaiure challenge.

The sampling frequency consisted of at least 10 sampling evenis in a warm climate, 10 sampling
events in a cold climale and 10 sampling events in a controiled ambient environment during winter
months (October — March) and summer months {April - September).

A sampling event consisted of packing, shipping and storage of the data logger in the shipping
container packed with various quantities of wet ice, stored for different times, and differing
temperatures.

Sampling events were followed during actual shipping events, measuring time and temperature of
the shipping box's internal and external {ambient} temperature.
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7.0 METHODS
7.1 Summary:

The Insutated Shipping Containers in this validation study were packed following industry practices
with wel ice quantities that varied from 3500-4800 grams depending on the size of shipping
container. Commercially avaiiable temperature monitors were packaged as would a cornea-viewing
chamber or vial be packed for shipping. The packages were subjected fo controlied environments
(regulated office), non-controfied environments (i.e. couriers, airlines, FedEx {o different climates),
and an elevated summer conditions with an environmental chamber test.

The controf group was given limited exposure to temperature variation in order to establish a hase
line cooling effect at warm temperature {assuming no external cooling}. The shippers were
continuousty monilored internally and externally using data loggers recording data (time &
temperature) every 2 minutes. The data was evaluated to determine time interval where the terminal
cooling effect remained at or below 8°C. The time Interval to weight of ice was used to determine
cooling effect of the box.

The non-controlled (field trials} group was exposed to various external temperatures, experienced by
actual conditions encountered during transport. Due {o significant regional temperature differences,
we identified differing warm and cold climates in the United States and shipped packages to these
regions. The data was collected the same for both regions. Depicted are graphs for confrolted and
non-controlled shipping events.

Additionally, an environmental chamber test was used to simulate a 72 hour elevated summer
conditions {Extreme Summer Profite) per BSTA requirements. The shippers were monitored
internally and externally using data loggers recording data (time & temperalture) every 2 minutes. The
data was evaluated to determine lime intervat where the terminat cooling effect remained at or below
8°C. Four {4) identical packages were placed into the environmentai chamber where the temperature
was recorded every 10 minutes for the duration of the test. Depicted are graphs for the
environmentat chamber test.

7.2 Data Logger:
a. Using Dickson software, program the data logger to:

1. Set data logger to record temperature at no less than 1 minute and no longer than every 5
minutes

2. Record without looping (writing over previous data when fuit)
3. Se! appropriate date and time
4. Set measurement to Celsius
b. Reset the data logger
¢. Place the logger in a foam block
d. Seal the data logger and feam block in a plastic bag
e. Place data logger in tissue refrigerator {0 pre-cool prior fo packing (for a minimum of 30 minutes)
7.3 Shipment:
a. Small, Medium or Large Shipping Container
b. Inspect shipping container, ensuring it is labeled in accordance with industry standards.
1. Seal data logger in a plastic bag.

i. Sealed plastic bag is used to prevent possible damage of data logger by moisture.
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7.0

8.0

6.2

. Place foam block with sealed daia logger into a polystyrene box.

1. Foam block prevents excessive movement within the polystyrene box.

. Place one layer of paper towels over top of the foam block to insulate the data logger from direct

contact with the wet ice and to absorb any condensation or leakage thal may occur.

. Place wet ice sealed in plastic bag(s) inlo Large and Medium shipping containers.

1. Ensure enough wet ice is used to fill shipping container,

2. Weticeis ice at its melting point. i ice is below its melting point, add water io begin melling
Process.

3. Measure individual bags of ice and record a total weight of wet ice used.

. Place the lid on the Styrofoam box and secure with packing tape.

1. Seal around lid of polysiyrene box according lo airline regulations and put in a box shell.
2. Asecured box provides a waterproof container and preserves coolness
Use a box shell, seal lid and all edges with packing tape.

1. Secures box against potential tampering and further prevents possible leakage of fluids.

. Place proper handling 1abels on the outside of the shipping container indicating safe shipping and

storage methods.

1. Handling labels clearly identify the statement "DO NOT FREEZE" to prevent mistakes in
transit and to keep the shipping box from freezing.

Environmental chamber test
a. All protocals followed for shipment as described abave

b. 4 boxes were ptaced in chamber and subjected to temperatures as follows:

1. 22°Cfor 5 hours 9. 22°C for 5 hours
2. 30°Cfor 5 hours 10. 25°C for 5 hours
3. 22°Cfor 5 hours 11. 22°C for 5 hours
4, 20°C for 5 hours 12. 30°C for 5 hours
6, 25°C for b hours 13. 22°C for 5 hours
6. 35°Cfor b hours 14, 20°C for 5 hours
7. 25°C for 5 hours 16. 25°C for 4 hours
8. 30°C for 5 hours

6.3 Measurements

a. Wel ice was measured by weight prior fo packing using a calibrated scale.
b. Data logger(s) performed interval temperature measurements.

c. Time was recorded with temperature via data logger{s).

PROTOCOL CHANGES

7.1

7.2

The following protocol changes, revisions and reasons for the change are documented in this
section, and will remain part of the permanent file for this validation study.

The Researcher was notified concerning changes, and revisions as the event occurred, none have
an effect on the validity of this validation study.

DATA RETENTION

8.1 A copy of this report will be kept on file at the Vision Share corporate office for 10 years from the date

of validation study cempletion.
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9.0 DATA COLLECTION AND EVALUATION
9.1 Data collected is summarized and shown on computer-generated charls,

9.2 The loggers recorded the time intervals from the start of packaging until temperature readings from
the loggers were consistently above 8°C.

9.3 Correlation of time intervals from start to above 8°C.
a. Graph the volume of ice to time
b. Determine the linear regressiaon

c. Use the equation of the line to determine correlation of ice quantity to time of refrigeration at or
below 8°C.

10.0 STATISTICAL ANALYSIS

10.1 Statistical analysis was performed on the collected data points as shown on Appendix 1, 2 and 3.

10.2 The conirolled shipping group consisted of 16 recorded events with an external temperature
average of 21.8°C and a range of 7°C. lce quantity varialion per shipping box had a mean 4438.5
grams, mode of 4310 grams, and range of 740 grams. The ice from all the controlied events tofaled
71016.6 grams of wet ice and produced 82231.0 minutes of cooling effect at or below 8°C as shown
on Appendix 3 —13.

10.3 The total minutes of cooling effect at or below 8°C in the controlied shipping group gives a mean of
1.2 minutes per gram of wet ice as shown on Appendix 3.

10.4 The control group produced a result of grams of ice to time recorded to maintain a temperature at/or
below 8°C resulting in a linear regression equation of y=0.5892x+1410.3. (y is grams of ice, X is
minutes) as shown on Appendix 2, Table 1.

10.6 The non-controlted {field trials} shipping group consisted of 15 recorded events with an external
temperature average of 15.1°C, and a range of 20.5°C. Ice quantity variation per shipping box had
a mean 4017.1 grams, mode of 4167.4 grams, and range of 1625.2 grams. The ice from all non-
conkrolled events totaled at 56239.7 grams of wet ice produced 104177.0 minutes of cooling effect
at or below 8°C as shown on Appendix 14, 15, 16 and 17.

10.6 The non-controlled (field trials} shipping group minules of cooling effect at or below 8°C gives a
mean of 1.8 minutes per gram of wet ice as shown on Appendix 3.

10.7 The non-controlled (field trials) group produced a result of grams of ice to tinie recorded to maintain
a temperature at/or below 8°C resuiting in a linear regression equation of y=0.5388x+8.0263. (y is
grams of ice, X is minutes) as shown on Appendix 18 and 19.

10.8 The Extreme Summer Profile challenge group consisted of four recorded events with the medium
and four recorded events with the large shipping containers with varying external temperatures
known as an extreme summer profile as shown on Appendix 2, Table 2.

10.9 The challenge group average quantily of ice in each medium shipping container was 1812.95 grams
producing a cooling effect of between 49.5 to 65 hours with an average of 57.5 hours as shown on
Appendix 18.

10.10 The challenge group average quantily of ice in each large shipping container was 4273.80 grams
producing a cooling effect of hetween 77.25 to 83.5 hours with an average of 81 hours as shown on
Appendix 19.

10.11 The challenge group minutes of cooling effect at or below 8°C gives a mean of 1.8 minules per
gram of wet ice for the medium and 1.15 minutes per gram of wet ice for the large shipping
container as shown on Appendix 189.

10.12 The Insulated Shipping Containers provided an overall range of cooling effect at or less than 8°C far,
an average of 1.2 and 1.85 minutes per gram of wet ice with exiernal temperalures ranges from
21.8°C to 15.1°C respectively as shown on Appendix 3.
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10.13 With 4500 grams of packaged wet ice and an average ambient temperature of 15.1°C, the cooling

effect lasted 138.9 hours. With 4500 grams of packaged wet ice and an average ambient
temperature of 21.8°C, the cooling effect lasted 87.4 hours. This is consistent with what was seen
with the Extreme Summer Profile as shown on Appendix 18 and 19,

11.0 SUMMARY / CONCLUSIONS

11.1

11.6
11.6

1.9

Small, Medium and Large Insulated Shipping Containers were tested in controlled and non-
controlled environments during summer and winter months. Also, they successfully passed BSTA
Exireme Summer Profile chailenges, which are part of the ISTA 5B /7D testing requirements as
shown on Appendix 20.

Insulated Shipping Containers simitar to those studied have proven reliable in maintaining the
recommended storage and shipping temperatures for corneas intended for surgery as required by
EBAA Medical Standard L2.000 Packaging, Sealing and Packing for Transport for many years.

Measuring internal tetnperature, amount of ice, and external temperature, allowed us to develop a

predictive mathematical model. This modeling can greatly improve shipping practices by providing
accurate information on expected internal temperatures at various external temperatures. A list of

shipping destinations and recommended shipping container are shown on Appendix 21.

This validation study model wili help shippers make decisions on the proper package to ship
corneas locally, nationally and internationalty, helping to improve outcomes on corneal
transplantation. The equations utilized in this validation study do not work outside of the ranges
used in this validation study.

This validation study did not evaluate ice blocks or gel packs for providing cooling effect.

Smali insulated Shipping Containers are preferred for shipping corneas locally and nationally during
summer months for times up to 24 hours,

Medium Insulaled Shipping Containers are preferred for shipping corneas and blood for serology
testing locally, nationally and internationally during summer months for limes up to 48 hours.

Large shipping containers are preferred for shipping corneas internationally during summer months
up to 72 hours.

All sizes studied mainiain proper cooling effect when the appropriate grams of wet ice are packaged
for the needed time interval.

11.10 Key considerations are temperature of shipping route, destination and quantity of wet ice packed.

This assures that the amount of cooling effect over time wili suffice.

12.0 REGULATORY STATEMENT

13.0

12.1

The vatidation study referenced in this protocol was conducted in compliance with Current Good
Tissue Practice for Manufacturet's of Human Cellular and Tissue-Based Products
{(21CFR1271.195).

REFERENCES

1341
13.2

13.3
13.4
13.5
13.6

The ISTA Resource Book, International Safe Transit Association, 2006

ISTA 5B Focused Simulation for Thermal Performance Testing of Temperature Controlled Transport
Packaging, 2002

ISTA 7D Thermai Controlled Transport Packaging Parcet Delivery Sysiem Shipment, 2006

Food and Drug Administration's 21 CFR 1271.195 Good Tissue Practice Regulations

Food and Drug Administration's 21CFR 600.15 Biological Products, Temperatures during shipment
EBAA Medical Standards {November 2008) L2.000 Packaging, Seaking and Packing for Transport
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14.0 REPORT APPROVAL

-

‘\J\o«\dg ]mj\/\ ‘4’5}“3

Dirsctor of Regulatory Affairs and Contracts Date
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Appendix 1
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Appendix 2
Large Shipper Minutes/Grams of lce
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Appendix 3

Control and Field Trial Results

Range Control Trials Field Trials
Average Temperalure (°C) | 218 151

- Minimum Temper;;;;PC) 18.7 4.2
Maximum Temperature (°C) 251 26.1
Average minutes/grams of ice 1.2 1.9

Regression of minutes/grams of ice

y=0.5892x + 1410.3

y=0.5388x + 8.0263
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Appendix 4

Shipping Container Study
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Appendix 5
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Appendix 6
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Appendix 7

Shipping Container Study
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Appendix 8

Shipping Container Study

Medium Insulated - Control 1
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Appendix 9

Shipping Container Study
Mediuin Ensulated - Coatrol 2
T-5-Temp/°C Min: 5.0 Max: 16.7 Avg: 6.2 T-6:Temp/°C Min: 2.7 Max: 16,9 Avg: 4.3 T-7-Temp/"C Min: 4.8 Max: 20.7 Avg: 6.3
— i

T-5-Temp/*C Min: 8.8 Max: 24.8 Avg: B.1 T-10-Temp/*C Min: 22.0 Max: 2b.7 T-12-Temp/°C Min: 22.2 Max: 25,7

2 L 4

20

N s e repegs st S L L 1 L
13 Sat 14 Sun
Sep 2008 DatefTime

17 of 29




Appendix 10

Shipping Container Study

Medium Ensvlated - Control 3
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Appendix 11

Shipping Container Study

Medium Insulated - Control 4
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Appendix 12

Shipping Container Study

Larpe Insulated - Control 1
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Appendix 13
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Appendix 14

Shipping Container Study
Large {nsulated - Cold Climate
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Appendix 15

Shipping Container Study
Large Insulated - Warm Climate
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Appendix 16

Shipping Container Study

Large Insulated - Warm Climate 2
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Appendix 17
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Appendix 18

Shipping Container Study
Mecdium Insulated - Extreme Sunincer Profiic
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Appendix 19
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Appendix 20

. ‘BSTA - Standard: Summer-:Profile 48 Hours -~ - g

5 hours & hours 5 hours 5 hours 4 hours 5 hours 5 hours 5 hours 5 hours 4 hours

i8°C 22°C 18°G 16°C 20°C 35°C 20°C 25°C 18°C 20°C
BSTA Elevated Summer  Proftle 48 Hours

22°C o 22°C 20°C 25°C 35°C 25°C wc 22°C 25°C

50

35°C 27°C 25°C 0°C 40°C 27°C 3g°C

BSTA profles were developed wb'aing sclual shipping lemperatere dald on 2 year mund bas's wilh Ihe periods;
Oclobar o #atch regresenting ths Winter Profiles and
Apil o Seplember reprosenting the Summer Profiles.

Whike these profies tefled slandard parcel shipping prachees within (ke cantzuous 48 slates, they are averages and eannot be cansirucd as gl enclusive of tondfians
thal & peckage ard 15 conlents may snoeunler Orgieation and deshnalion loatiend, routes, Lmas and equinment are just & fow of o vasiabies (na; can sfiedt shipments

Considering these variables, BSTA oMers three leveds of lemperature protocals (o enable sites o deveiop eppropriate erd progressive patkaging soktions
Staridard- representing koss seyere months and shipping envirenmerls

Elevaicd- fopresenting average brozd specirum condfions
Extremo- representing colder months and shipping envircamenls

Clerds thal widh I devalep protece’s more eepresentative of thair cmate and shipping methndalogies are encouraged 1o developed their own profocols,

The BSTA or Biological Specimen Transportation Association, is a group that came
together to develop shipping temperature profiles that could be used in the medical
industry.
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Appendix 21

COUNTRY SHIPPING GUIDE

Destination Transit Size* Destination Transit Time | Size*®
Time
Argentina 24-48 Medium Kuwait 48-72 Large
Azerbaijan 48-72 Large Malaysia 48-72 Large
Bahrain 48-72 Large Mexico 24-36 Medium
Barbados 24-48 Medium Nicaragua 24-48 Medium
Beruit 24-48 Medium North Africa 48-72 Large
Bolivia 24-72 Large Nova Scotia <24 Medium
Bolivia 24-48 Medium Oman 48-72 Large
Brazil 24-48 Medium Pakistan 48-72 Large
Canada <24 Medium Peru 24-48 Medium
Chile 24-48 Medium Puerto Rico <24 Medium
Costa Rica 24 Medium Quebec 24 Medium
Cyprus 24-48 Medium Romania 48-72 Large
Dominican Rep 24-48 Medium S.Africa 48-72 Large
Ecuador 24-48 Medium Saudi Arabia 48-96 Large
Egypt 48-72 Large Senegal 24-48 Medium
El Salvador 24-48 Medium Singapore 24-72 Large
Finland 48-72 Large South Africa 48-72 Large
Germany 48-72 Large Spain 24-48 Medium
Ghana 24-48 Medium Syria 48-72 Large
Greece 48-72 Large Taiwan 24-72 Large
Guatamala 24-48 Medium Tanzania 48-72 Large
Honduras 24-48 Medium Thailand 48-72 Large
Iceland 24-48 Medium Trinidad 24-48 Medium
India 48-72 Large Turkey 48-72 Large
Indonesia 48-72 Large UAE 48-72 Large
Israel 24-48 Medium UK 24-48 Medium
Jamaica 24-48 Medium Uruguay 24-48 Medium
Jamaica 24-48 Medium USA** <24 Medium
Japan 24-72 Large Uzbekistan 48-72 Large
Jordan 24-48 Medium Venezuela 24-48 Medium
Korea 24-48 Medium Vietnam 48-72 l.arge

“For shipments to destinations demonstrated above to require a medium shipping container,
upgrade to a large shipping container if shipping muitiple corneas in the shipment due to
reduced volume of coolant.

“*For local shipments a small shipping container should be fine. A medium shipping container
should be used for most other shipments to allow for possible shipping problems,

Note: IT extremely high temperatures are expected to be encountered during transport (e.g.
shipments to Saudi Arabia in July), increase the size of the container and the volume of coolant.
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Shipping Container Validation SG-8
1.0 INTRODUCTION

1.1

In the daily operation of eye banks, the transportation of corneas is an essential part
of the supply chain. Current industry standards require that eye banks use a
packaging method designed to prevent freezing of tissue and to maintain cool
storage such that the package content demonstrates residual coolant in effect at the
time of use, removal to mechanical storage or replacement of the coolant. This
study was designed to determine the interval of cooling effect of the Safeguard SG-
8 shipping container in controlled and non-controlled shipping environments.

2.0 PURPOSE

3.0

4.0

2.1

2.2

2.3

2.4

3.1

3.2

4.1

Current Good Tissue Practice for Manufacturers of Human Cellular and Tissue-
Based Products under 21 CFR 1271.195 requires establishments to identify any
environmental conditions that require monitoring and control. This rule requires that
procedures be written for environmental control and monitoring activities of systems
where an environmental condition could have an adverse effect on the tissue-based
product, causing contamination or cross-contamination.

Eye Bank Association of America Medical Standard L.2.000 requires that an eye
bank use a packaging method designed to maintain cool storage where the
package content demonstrates remaining coolant effect at the time of use or
removal to mechanical storage or replacement of the coolant and to prevent
freezing.

This report validates that when current practices and procedures are followed for
shipping corneal tissue and blood samples to and from an eye bank, locally,
nationally and internationally and serology testing laboratory domestically proper
cooling requirements can be met and exceeded.

This study was designed to determine the interval of cooling effect of the Safeguard
SG-8 shipping container in controlled and non-controlied shipping environments.

SCOPE

In this study, we assessed the suitability of the Safe-Guard brand shipping container
SG-8 and packing procedures typically used by the eye banking industry in the
United States.

This report encompasses the results related to packing, shipping and monitoring of
temperature data loggers during actual shipping events that simulated current
practices utilized by industry for packing and shipping of corneal tissue.

MATERIALS

Summary. The Safeguard SG-8 shipping container was packed following industry
practices with wet ice quantities that varied between 3500-4800 grams.
Commercially available temperature monitors were packaged as cornea chambers
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4.2

4.3

4.4
45

for shipping. The packages were subjected to controlled environments (regulated
office) or non-controlled (field trials) environments (i.e. couriers, airlines, FedEx to
different climates). The control group was given limited exposure to temperature
variation in order to establish a base line cooling effect at warm temperature
(assuming no external cooling). The shippers were continuously monitored internally
and externally using data loggers recording data (time & temperature) every 2
minutes. The data was evaluated to determine time interval that the terminal cooling
effect remained above 8°C. The time interval to weight of ice was used to determine
cooling effect of the box. The non-controlled (field trials) group was exposed to
various external temperatures, experienced by actual conditions encountered during
transport. Due to significant regional temperature differences, we identified differing
warm and cold climates in the United States and shipped packages to these
regions. The data was collected the same for both regions. Depicted are graphs for
controlled and non-controlled shipping events.

SafeGuard shipping boxes and inserts:
a. See Appendix 1 SG-8 Shipping Container Dimensions

b. These shipping boxes feature a thick-walled container of 1.5", expanded
polystyrene foam. A tight fitting lid plug also ensures thermal efficiency.

c. SG-1 - inside length 8, inside width 6", inside depth 4.25"

d. SG-4 - inside length 8", inside width 6, inside depth 9.75"

e. SG-8 - inside length 11", inside width 8.5", inside depth 9.25”

f. Outer cases are 200-Ib. test corrugated cardboard

Dickson SK500 Temperature Data Loggers:

a. Temperature Accuracy =1.8F (£1C) over range -4 to +158°F (-20 to +70°C)
b. Temperature Range -4 to 158F, -20 to 70C

¢. Calibration - is the process of making a zero (low scale) adjustment so that it
matches exactly to a known standard, and a separate span (high scale)
adjustment that also matches the unit exactly to a known standard. These two
independent adjustment procedures are repeated until the unit matches the
known standard, within its allowed specification. After this process is complete,
the unit is accurate throughout its full measurement range.

d. Approval - CE approved

e. Data Logger Calibration: June, 2008
Foam inserts

Plastic bag(s)

a. For the foam insert
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b. Dickson SK500 data logger (4" x 7" zip lock)
c. For wet ice (12" x 18")
4.6 Packing Tape

4.7 Ice bag sealer is an American International Electronics’ Impulse Sealer with Magnet
Model AIE-405MC

4.8 lce Scoopisa 240z-710ml

4.9 Scale is a Francotyp-Postalia P150 with a weight capacity of 0.2 oz. to 150 Ib. and
accuracy of +/- 0.2 oz. from 0-4 Ib. and +/- 0.5 oz. from 4-150 Ib.

410 Woetice is from a Manitowoc model QM-45, self contained air cooled dice cube ice
maker

5.0 PACKING AND SHIPPING POLICIES AND PROCEDURES

5.1 Vision Share Facilities are located in various regions/climates nationwide.

5.2 Generic packing and shipping procedures were followed for this validation and
should return similar results when followed.

5.3 Procedures used in this validation are described as part of this validation report and
are also available at the Vision Share Corporate office.

6.0 SAMPLING SCHEME

7.0

6.1 This report includes a data set for winter months (October - March). A data set for
summer months (April — September) will follow when completed as stated in the
protocol.

6.2 The sampling frequency was to consist of at least 10 sampling events in a warm
climate, 10 sampling events in a cold climate and 10 sampling events in a controlled
ambient environment during winter months (October — March). The sampling
frequency for summer months (April — September) will follow when completed as
stated in the protocol.

6.3 A sampling event consisted of packing, shipping and returning the shipping box
packed with various quantities of wet ice and data loggers to shipper.

6.4 Sampling events were collected during actual shipping events, measuring time and
temperature of the shipping box’s internal and external (ambient) temperature.

METHODS

7.1 SUMMARY: The Safeguard SG-8 shipping container was packed following industry
practices with wet ice quantities that varied between 3500-4800 grams.
Commercially available temperature monitors were packed as corneas in chambers
are packed for shipping. The packages were subjected to controlled environments
(temperature regulated office) and/or un-controlled environments (i.e. couriers,
airlines, FedEx to different climates). The temperature monitors recorded data every

4 of 15




7.2

7.3

2 minutes. The data was evaluated until the terminal cooling effect remained above

8°C.

Data Logger:

a. Using Dickson software program the data logger to:

1.

2.
3.
4.

Set data logger to record temperature at no less than 1 minute and no longer
than every 5 minutes

Record without looping (writing over previous data when full)
Set appropriate date and time

Set measurement to Celsius

b. Reset the data logger

c. Place the logger in a foam block

d. Seal the data logger and foam block in a plastic bag

e. Place data logger in tissue refrigerator to pre-cool prior to packing {for a
minimum of 30 minutes)

Shipment:

a.
b.

See Appendix 2: SG-8 Shipping Container

Inspect shipping container SG-8, ensuring that it is labeled in accordance with
industry standards.

1.

Seal data logger in a plastic bag.

i. Sealed plastic bag is used to prevent possible damage of data logger by

moisture.

. Place foam block with sealed data logger into a polystyrene box.
1.

Foam block prevents excessive movement within the polystyrene box.

Place one layer of paper towels over top of the foam block to insulate the data
logger from direct contact with the wet ice and to absorb any condensation or
leakage that may occur.

3.
. Place the lid on the Styrofoam box and secure with packing tape.
1.

. Place wet ice sealed in plastic bag(s) into SG-8 shipping container.
1.
2.

Ensure enough wet ice is used to fill shipping container.

Wet ice is ice at its melting point. If ice is below its melting point, add water to
begin melting process.

Measure individual bags of ice and record a total weight of wet ice used.

Seal around lid of polystyrene box according to airline regulations and put in a
box shell.
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2. A secured box provides a waterproof container and preserves coolness
f. Use a box shell, seal lid and all edges with packing tape.

1. Secures box against potential tampering and further prevents possible
leakage of fluids.

g. Place proper handling labels on the outside of the shipping container indicating
safe shipping and storage methods.

1. Handling labels clearly identify the statement “DO NOT FREEZE" to prevent
mistakes in transit and to keep the shipping box from freezing.

6.2 Measurements
a. Wet ice was measured by weight prior to packing using a calibrated scale.
b. Interval temperature measurements were performed by data logger(s).
¢. Time was recorded with temperature via data logger(s).
7.0 PROTOCOL CHANGES

7.1 The following protocol changes, revisions and reasons for the change are
documented in this section, and will remain part of the permanent file for this study.

7.2 The Researcher was notified concerning changes, and revisions as the event
occurred, none have an effect on the validity of this study.

8.0 DATA RETENTION

8.1 A copy of this report and the raw data will be kept on file at the Vision Share
corporate office for 10 years from the date of study completion.

3.0 DATA COLLECTION AND EVALUATION
9.1 Data was collected and summarized on computer generated worksheets.

9.2 Recorded the time interval from the start of packaging until temperature readings
from the data loggers was consistently above 8°C.

9.3 Correlated the time intervals from start to above 8°C with weight of ice.
a.Graph the volume of ice to time
b.Determine the linear regression

¢. Use the equation of the line to determine correlation of ice quantity to time of
refrigeration at or below an average of 8°C.

10.0 STATISTICAL ANALYSIS
10.1 Statistical analysis was performed on the collected data points.

10.2 The controlled shipping group consisted of 16 recorded events with an external
temperature average of 21.8°C and a range of 7°C. Ice quantity variation per
shipping box had a mean 4438.5 grams, mode of 4310 grams, and range of 740
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grams. The ice from all the controlled events totaled 71016.6 grams of wet ice and
produced 82231.0 minutes of cooling effect at or below 8 °C.
10.3 The controlled shipping group minutes of cooling effect at or below 8°C gives a

mean of 1.2 minutes per gram of wet ice.

10.4 The non-controlled (field trials) shipping group consisted of 15 recorded events with
an external temperature average of 15.1°C, and a range of 20.5°C. Ice quantity
variation per shipping box had a mean 4017.1 grams, mode of 4167.4 grams, and
range of 1525.2 grams. The ice from all non-controlled events totaled at 56239.7
grams of wet ice produced 104177.0 minutes of cooling effect at or below 8°C

10.5 The non-controlled shipping group minutes of cooling effect at or below 8°C gives a
mean of 1.9 minutes per gram of wet ice.

10.6 The control group produced a result of grams of ice to time recorded to maintain a
temp at/or below 8°C resulting in a linear regression equation of
y=0.5892x+1410.3. (y is grams of ice, x is minutes).

10.7 The non-controlled (field trials) group produced a result of grams of ice to time
recorded to maintain a temp at/or below 8°C resulting in a linear regression
equation of y=0.5388x+8.0263. (y is grams of ice, x is minutes).

10.8 The Safeguard SG-8 shipping container provided cooling effect at or under 8°C for
an average of 1.2 and 1.9 minutes per gram of wet ice with external temperatures
ranges from 21.8°C to 15.1°C respectively. With 4500 grams of packaged wet ice
and an average ambient temperature of 15.1°C, the cooling effect lasted 138.9
hours. With 4500 grams of packaged wet ice and an average ambient temperature
of 21.8°C, the cooling effect lasted 87.4 hours.

11.0SUMMARY / CONCLUSION

11.1 Measuring internal temperature, amount of ice, and external temperature, allowed
us to develop a predictive mathematical model. Modeling can greatly improve
shipping practices by providing accurate information on expected internal
temperatures at various external temperatures.

11.2 This model will help eye banks make decisions on how to properly package and
ship corneas locally, nationally and internationally which may improve outcomes on
corneal transplantation. The equations do not work outside of the ranges studied.
For example, placing only 50 grams of ice will not yield an appropriate cooling time,
and 7000 grams of wet ice is unlikely to fit within the volume of the shipping
container.

11.3 Additionally, this study did not evaluate quantities of ice blocks that have started
the melting process. We found the Safeguard SG-8 shipping container adequate
for shipping corneas locally, nationally and internationally. It maintains proper
cooling effect when the appropriate grams of wet ice are packaged for the needed
time interval. Key considerations are temperature of shipping route, destination and
quantity of wet ice. This assures that the amount of cooling effect over time will
suffice.

7 of 15




12.0 REGULATORY STATEMENT

12.1 The study referenced in this protocol is conducted in compliance with Current Good
Tissue Practice for Manufacturer's of Human Cellular and Tissue-Based Products

(21CFR1271.195).
13.0 REFERENCES

13.1 Food and Drug Administration's 21 CFR 1271.195 Good Tissue Practice
Regulations

13.2 Food and Drug Administration's 21 CFR600.15 Biological Products, Temperatures
during shipment

13.3 EBAA Medical Standards {November 2008) L2.000 Packaging, Sealing and
Packing for Transport

14.0 REPORT APPROVAL

Director of Regulatory Affairs and Contracts Date
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Appendix 1

S@G-8 Shipping Container Dimensions:
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Appendix 2

SG-8 Shipping Container
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Appendix 3

Control Group Data Sample

SG-8 Control Trial Sample
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Appendix 4

Field Trial Data Sample

25

SG-8 Field Trial Sample
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Appendix 5

Trial Results

130l 15




Appendix 6

Graphs of Minutes/Grams of Ice
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Appendix 7

Graphs of Minutes/Grams of Ice
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