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Finding the “Worst Case” Location in
L Your Sterilization Load Just Got Easier

John R. Gillis, Ph.D.
President

The last Spore News addressed how to integratiettmality of your dynamic production
process using the D-value and Z-value of your lgicla indicator. The next challenge
for the sterilization scientist/engineer is to itignthe “worst case location” in the
sterilizer and its respective load. The worst dasation can be thought of as the “least
lethal” or the “most difficult to sterilize” locatn. Virtually all published sterilization
standards require the sterilization professionaeatify this location and to challenge it
during process validation. Identifying this zonighw the sterilizer load is quite
challenging. Those not “schooled” in the art didation, may simply randomly
distribute thermocouples in the load and selectlikemocouple that appears to read a
lower temperature than its neighboring instrumetityou use the minimum of 10
thermocouples per run, the sensitivity of identifythe slowest to heat position is one
out of ten. Typical production loads contain themds of products. Therefore, testing 10
locations does not even come close to finding thesticase to sterilize location.

SGM has developed the Lethality MapPeprogram which is a Micros§ftExcef’ add-

in that graphically represents the lethal zonehiwithe sterilizer load. Previous
approaches have been based solely on temperdtareethality Mapper incorporates the
use of [y equivalent times, which integrates lethality détiae biological Z-value). This
approach graphically locates the least lethal lonatot just the slowest to heat.
Integration of spore lethality with physical promeasurements makes this technique a
true assessment of the most difficult to sterilamtions. The lethality values are
entered into an Excel spreadsheet to be graphédhatLethality Mapper Program add-
in. The resulting lethality maps make it easy ttedaine where the biological indicator
challenge should be placed.

The Lethality Mapper requires more monitoring loma$ than most people previously
used. Thermocouple monitoring location density mege from 11% to 2% of the
product positions. This depends on the physie& sf the product/package used. The
key is to use thermocouple locations that aredselproximity to one another. The
closer the physical spacing, the more accuratéethality map will be.
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The sensor clustering technique makes it much efseollect this data than
redistributing probes for each cycle or repeatimgvan probe pattern three times. lItis
recommended that all sensors be clustered witheneasy to move array of the load.
This clustering will be defined by the physical igesof the sterilizer loading carts.

Trays and layers are likely defined as well asviralial product packages per tray. The
11% sensor density monitors one probed productipodor each of nine product
locations in the load. The 4% sensor density neosiibne probed product position for
each of 25 product locations in the load. The 2¥ser density monitors one probed
product position for each of 49 product locatiomshie load. As densities decrease so
does the precision of identifying the actual ldastal location in the load. Densities less
than 2% are not recommended because of the incrgaskability of missing the actual
least lethal location. Sensor density will varyhwthe physical size of the product.
Products that take up large areas in the loadhaile higher sensor density. Small
products can use a lower sensor density if thewigt between sensors is also small. The
more locations that are monitored, the more acewatl precise the Lethality Mapper
software is in graphically identifying the leasthal location.

Place the thermocouples in a single zone that earobveniently relocated throughout
the load as replicate sterilization cycles areqgrened. These clustered probed product
arrays are moved “in mass” to adjacent load passtioOnly one cycle is required per
position. For example, if the instrumented prodiarie occupies only one-sixth of the
entire load, then this instrumented product arrayld be moved to each of the
additional five zones and the cycle repeated. plosides six data sets, one for each
cycle.

The probe recordings must include the&culation for each location, which includes a
Z-value of 10°C. Each of these values is entanemlan Excel spreadsheet in the same
orientation as they are collected. The prograrhthwn calculate the relationship
between each of the probe values. This evalu&itren printed in a graph. This
technique is similar to the isobar pattern one sees weather map or elevation lines one
observes on a topographic map. This technique nlmeshange any of the specific probe
data points collected. It only predicts the codis that exist between these points.

On the surface this technique appears like a trdmenamount of extraork. In reality
itisn’t. It takes a significant amount of timegooperly instrument the first product
array. It also takes a significant amount of timeonfigure the complete load for the
sterilizer. This is true with any thermocouple mpisg of a load. Since the temperature
sensors remain in the same product package losatithin the array and this
instrumented tray is simply moved to other locadianthin the sterilizer load,
efficiencies are realized. Cycles are termindizat]s are removed and cooled, the
product array is repositioned, the sterilizer l@aplaced back into the sterilizer and the
next cycle is initiated. Actual turnaround timeween cycles is quite quick.

This program measures the dynamic portions of yiseeccome-up and come-down.
Once “steady state” conditions are reached, ldthaticumulation is the same for all
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product positions. Therefore, the exposed phasdederminated soon after steady state
conditions are realized. Therefore, actual exposares are relatively short compared to
full exposure cycles. It is important to reach steady state conditions of the exposure
phase of the cycle. Five to ten minutes into skéady state phase is sufficient. Extra
time will yield larger Iy values, but this has little effect on the relativéerences

between locations. It is important to keep thecpss clock exposure time constant for
all cycles. This approach requires three of thdecghases: 1) dynamics of “come up”,
2) steady state exposure, and 3) dynamics of “cbomen”. The differences in lethality
between product locations occur almost exclusidelyng the transitions to and from
steady state conditions. We have found this teglaio require slightly more start up
effort, but with a significantly greater benefit.

Figures 1, 2, and 3 illustrate the various dersitiben placing 16 thermocouples in a
layer of product in a tray. This instrumented tofiyproducts is moved sequentially to
different locations throughout the load to provadeomplete set of data points to be used
for the mapping program.
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No product position is more than one
position away from a thermocouple.

No product is more than two
positions eway from a thermg

Figure 1 Figure 2 Figure 3

Thermocouple Thermocouple Thermocouple
Monitoring Density Monitoring Density Monitoring Density
11% 4% 2%

Figures 4-8 illustrate the movement of the probextipct array through the sterilizer.

Figure 4 Figure 5 Figure 6
Instrumented product array Instrumented product array Instrumented product array in
used for each test. will be moved to position 2. position 2.
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Figure 7 Figure 8

Product replaced in position Continue moving the instrumented
previously occupied by the product array until the full layer has
instrumented product array. been tested. Continue additional

layers as required. In loads with 5
or more layers, alternate layers can
be mapped.

Figures 9, 10, and 11 illustrate the accuracy aedigion of identifying the least lethal
location that is achieved with various probe deesit The least lethal zone (dark blue) is
very apparent using the 11% density. It becomesdad less defined as the density

decreases to 2%.

Figure 9 Figure 10 Figure 11
Nine cycles used to map layer. Three cycles used to map layer.  Two cycles used to map layer.
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Figure 12 illustrates how graphs can be
generated to describe multiple layers of the
load as they are stacked inside the sterilizer.

Figure 12

The Lethality Mapper program can also be
used to display elevation diagrams to
illustrate these least lethal zones (Figure 13).

Figure 13

It is possible to chart an incomplete array of ddta Lethality Mapper software is
designed to fill in the gaps from the empiricaladatatrix (sensor measurement), and
create both two and three dimensional color chibeteasily identify least lethal
locations in the chamber. The software createsetibbarts as standard Excel objects
from the data entered directly into Excel itsedfVing the user free to create and define
their own data-collection templates and utilize fileanalysis power of Microsoft Excel.

Figure 14 is an actual illustration using a fudlytrconfiguration of an array of 682
MagnaAmp® biological indicators that were exposed tontrolled I sterilization
cycle. When using the actual biological indicatibis important to use its specific D and
Z-value. This cycle was designed to provide soostiye and some negative Bl units.
Bls in which the spores have been killed (steal®) purple. The Bls that have at least
one surviving spore (non-sterile) turn yellow uppcubation. Figure 15 has been
enhanced with perimeter lines surrounding the rieriks Bls. This is exactly how
sterilization of products is achieved in your progion sterilizer. Some product units are
sterilized first and one unit is the last to beibred.
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Figure 14 Figure 15

MagnaAmp® is a registered trademark of SGM Biotech, Inc.

Figure 16 is the lethality map generated frorjgees —
11% thermocouple density data and using tjill 4
Frz based on the specific MagnaAmp D-
values and Z-value. Positive Bls are locate
in the zones of lowest lethality.
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Once these maps are generated, it becomes an Figure 16
easy task to place the Bl challenge in the least

lethal zone. The ISO standard references the

Limited Holcomb-Spearman-Karber method
to be used to calculate Bl D-valuesThis
method requirerue replicates for the
statistical analysis If true replicates are not
used, then the statistical analysis is not vali
and the value calculated is not meaningful.
the past, it was common practice to distribu
Bls in various positions in the load to cover ‘
front, back, right, and left sides, top, bottom§- ; HEEE
and center locations (Figure 17). This

approach speaks volumes about our lack of

understanding of the process. This was done Figure 17

in hopes that the worst case location would be

found. We really didn’t know where the worst

case position was. It is erroneously assumed

that all of these Bls are “replicates” since they

were in the same sterilization cycle. In fact,

! Holcomb, R.G. and Pflug, 1.J., “The Spearman-KaiMethod of Analyzing Quantal Assay Microbial
Destruction Data” Cited by Pflug, 1.J., ed Seldd®apers on the Microbiology and Engineering of
Sterilization Processe8" ed. Minneapolis: Environmental Sterilization bastory, 1988, pp 83-100.
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they arenot replicates. The lethality map
graphing technique illustrates that this type of
placement does not produce true replicate
samples andannot be properly used in this
statistical method. In this case two Bl
positions are true replicates; the other three Bl
positions are each replicates of “one”.

Figure 18 illustrates the clustering of Bls used to
challenge the process based on these lethality
mapsprovides true statistical replicates Data

collected in this manner will allow you to - S B =
precisely and accurately interpret your = =
validation documentation. This technique will !

support that a process complies with a : ' =

predetermined specification for sterility

assurance. Figure 18

The Lethality Mapper’s graphic approach clearlynidfees the least lethal location in the
load and properly identifies where Bl spore chajesnshould be placed. A picture is

worth a thousand words.

SPORES DON'T LIE®

Please email us with topics you would like to se@ldressed in “Spore News”.

2 Pflug, 1.J., Microbiology and Engineering of Stiedtion Processes, &d., Environmental Sterilization

Laboratory 2003, Minneapolis, MN.
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