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Basic requirements for moist heat sterilization

900

Steam or Moist Heat sterilization is achieved by exposing surfaces which need to be
sterilized (the medical device) to;

 Adequate temperature eg 121 °C or 134 °C

* Adequate time eg 15 mins or 3 mins

* Inthe presence of moisture ie water molecules which may be in vapour or liquid  Temperature Time (mins)

state (surface steam sterilization or contained product eg IV infusions). (o C )
 These are the “Process Variables” for a moist heat sterilization process 134 3
« (ISO 17665)
* Note pressure does not contribute to microbial kill. It is a cycle variable used 132 4
to control the process. 126 10*
3.40
process variable 121 15%*
chemical or physical attribute within a cleaning, disinfection, packaging, or sterilization process, changes
in which can alter its effectiveness 1 1 5 3 0
Note 1 to entry: For the purpoeses of this document, process variables are conditions within a sterilization process, changes in
which alter microbicidal effectiveness, i.e. exposure time and temperature in the presence of moist heat. rarely used today

*Medical Research Council ,Lancet.
ISO 11139:2018 Sterilization of health care products - Vocabulary — Terms used in sterilization and related 1959 Feb 2 8'1(7 07 0)_ 425-35
’ . -

equipment and process standards (1S011139:2018) modified with note from ISO 17665-CD2:2019



The source of moisture in Surface Steam Sterilisation;

Saturated Steam

Process Variables
Temperature
Time

Moisture

Steam hits
cold surface
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Thermodynamic properties of Water.

Saturated Steam Tables
For any given Pressure, Temperature can be predicted
In order to get high temperatures we need high 9

pressures
At 134 °C we need ca 3 BarA steam pressure

STEAM TABLES
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In Surface Steam Sterilization
There is a Fundamental Problem

If you don’t get the air out (of the chamber and




Porous Loads

» Residual Air Locates in Packs.
» Preventing steam penetration.

»Resulting in incomplete sterilization.

»Same applies to lumened instruments.

Pressure Gauge

Test /

Pack

Temperature Sensor
Qutlet pe

Screen

Thermostat

Outlet
Valve

Steam
Inlet



What we need to monitor and how to ensure effective

sterilization

Moist Heat Sterilization

Process Variables
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INSIDE A PCD

Monitoring
Sensors

Physical Indicators
Respond to the absence of air or detect

presence of moisture

Chemical Indicators

Respond to defined process
parameters

Respond to all process variables and "é
demonstrate kill | |

Biological Indicators




What Do The Standards Say?
1ISO 17665

Sterilization of Health Care Products
Moist Heat



Routine Monitoring
Every Load Monitoring

ISO 17665-1, 2
10.1 — Every production cycle must be monitored and
process data recorded and evaluated



Routine monitoring and control according to ISO 17665

{05 For safurated seam processes, te data shallinclude (i applcable

3] steizaton temperaturs, chamber pressure and heareqica team emperate dumg e lateau penod

D) durafion of theplaeau penod
t) -t chamfe temperatre and the chamber pessure for at easteach stage of the perating cycke
d) e resuts ootaned from a process challnge device

¢ temperatures andor ressures n  process moniking syse,  used as patofprocess confol.

Achieving compliance;
10.5

a) examination of the temperature, pressure and the
theoretical steam temperature show that they fall
within the specified tolerances

« eg within 2C of each other and within 134 to 137
C, 3050 to 3313 mB

b) Time of the plateau period
e eg>3mins

c) The temperature and pressure at each pressure
transition stage on the cycle printout.

d) results from a PCD show air removal and steam
penetration

 (and where possible time at temp.)
e) results from a built in air detector (see later)



't is becoming common to measure T and P (anc

alone to monitor steam sterilizati

assume the presence of satu

ON processes a
rated steam if

T T from

measured — ' theoretical

pressure

(according to saturated steam tables).

Is this a valid approach ?

nd



Theoretical Consideration

* In PURE saturated steam if you know the pressure it is possible to calculate
the temperature of the steam.

* By Inference:

T cacured = T theoretical C@lCUlAted from P then 100% steam is present.
e Similarly :
T cacured < T theoretical CalCUlated from P then air must be present

 (According to Daltons Law of Partial Pressures in Gas Mixtures).
What percentage of residual air in steam is required to allow
T g <T

measure theoretical b
(Method Sensitivity)

But note if T .cured = T calculated from p thEN superheated steam must be present



Detection of Failure using
T-P correlation

Three bodies of evidence will now be
presented.



Calculation Method
~ Calculated T theoretical - T measured for Pass and Fail Cycles and compare statistically for differences

Sterilization Cycle
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Detection of Failure using

T-P correlation
1.in g 10! BIER vessel



BIER VESSEL STUDIES

Experiments carried out in a 10L BIER vessel.

Test 1.

Chamber evac to ca 40 mB
e 434ml Residual Air

Steam admitted to ca 3060 mB
e 1.25% air in steam at 3060mB

Holding time 18 minutes.
Chamber evac to 50 mB.

Test 2.

Chamber evac to ca 160 mB
e 1579ml Residual Air

Steam admitted to ca 3060 mB
e 5.22% air in steam at 3060mB

Holding time 18 minutes
Chamber evac to 50mB
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BIER VESSEL STUDIES
Residual Air Level = cag 1.4% at 3060mB

The measured and calculated temperature during BIER vessel cycles. Triplicate tests

3300 135
| Chamber P (mB)
Wacuum to 44 mB on each cycle —— Thearetical T based on P A = Ttheoretical _Tmeasured (OC)
— T2-Ch-5t3  °*C
3250 TLhsts 134.5
MWWW e il
3200 g '" 134
=}
E
= £]
= 3150 1334
E Theoret = 134.13C Thearet = 134.10C Thearet = 134.12C
= T2 =13417C T2 =134.18C T2 =134.21C
T =134.13C T =134.14C T =134.17C
: P = 3053.74mB P = 3051 B9mB P = 3053.76mB .
3100 133
3050 A ='002C VT 0 A H '006 C . - | _é='007C_ 111h 132 5
3000 T T T T T 132
11:02:24 11:16:48 11:31:12 114536 12:00:00 12:14:24 12:28:48

Time

Temperature [C)



BIER VESSEL STUDIES —
Residual Air Level = ca 5.5% at 3060 mB

The measured and calculated temperature during BIER vessel cycles. Triplicate tests

Pchamber ST3 mbar

(°C) 3200 T 135
A=T =T oC —T2-Ch-5t3  °C
theoretical measured _ __Tchal o 31348
3180 +— Theaoretical T fram P
: T 1346
A=094C A=137C A=1.42C
: 31342
3140 Ay T i Tt O Rl P e e e e e ) umila il 1ol ARy AL AL A ;
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3120 4 T2 =133.32C T2 =13291C T2 =13283C ATy
~ : T =13330¢C T = 13286 C T =13281C
3 P = 3063.80 mB P = 3064 64 mB P = 3066.17 mB 11336
£ 3100 - E
; i 3 133.4
Differences detected ¢ |

L 3080 + T 133.2
are S|gn|f|cant at ;

: 3133
p=0.05 3060 + :

: 31328
But passes EN285 :

. 3040 + T 1326
requirement of Delta : fgﬂNrr?BNv;gTeOu;GHOUT RUN FAN OFF 170 mE vac lovel FAN OFF 187 mB vac level 1.,
not more than 2°C 3020 + _

F Daltans Law Predicts Tta = 131.7C Daltons Law Pradicts T to = 131 6C Daltons Law Predicts T to = 131.3C T 1322
3000 + ; ; ; ; ; ; ; ; 1132
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Temperature [C]



Statistical Analysis of the two BIER vessel cycles

Average and range of Ttheoretical - Tmeasured for BIER vessel| cycles
using a 40mB, 80mB or 170mB vacuum set point showing a statistically
significant difference (p=0.05) between the data sets
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Detection of Failure using
T-P correlation
2. in a large test vessel



EXPERIMENTS

Materials and Methods
» Standard Textile pack as per EN 285.

* Thermocouple matrix of 7 TC’s
e positioned centrally then equidistant at a 2 to 3cm radius from the centre.

e programmable steam sterilizer.
e T and P sensors calibrated to National Standards.

* 5 Replicate tests using a sub atmospheric pulsing cycle with vacuum set points at
55,175 and 200mB

e Data Analysis during stable holding period:
* T theoretical calculated from pressure according to steam tables.
* T measured taken from the chamber reference point ie Drain

T difference then calculated (T theoretical — T measured)
* A negative number indicates measured temp is higher than calculated.

* Maximum temperature depression from within the textile pack indicating an air pocket.
 Statistical comparisons between data sets carried out
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The temperature depression

emperature
Note this is depression
representative of >2 K = Eail
the EN285 small
load

thermometric test
used by engineers
during validation

11




Test Cycle

residu
al air

Vac Set Point Dilution factor (L) % Ch Vol
55.0000 109282.1529 0.0031 0.0003
175.0000 1066.2224 0.3208 0.0329
200.0000 625.0000 0.5472 0.0561
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Temperature from drain and textile test packs
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Summary of Results from textile test pack tests

- T measured during cycle hold period

Ttheoretica

1
o
Ln

The difference between the theoretical temperature calculated
from pressure and that measured from the chamber reference
point {drain) in a series of test cycles using four sub atmospheric
pulses to 55, 175 and 200mB vacuum set points

/ Not Significant \

55mB 175mB

=
Ln

=

1
(=

-
Ln

3.4°C 14°C 34°C

Max TV

Values in boxes are the average temperature depression observed in the textile pack

The difference between the
55 and 175mB data sets
was significant at p=0.05 ie
the measured temperature
was higher than the
theoretical temperature
calculated from pressure
(calibration differences or
superheat?).

The difference between the
55 and 200 mB data sets
was not significant at
p=0.05.

Temperature and Pressure
correlation could not
detect the process failures.



Detection of Failure using
T-P correlation
3. In hospital production sterilizers.



Method

* The data obtained from an electronic Bowie and Dick Test Instrument which was
used to carry out the daily BDT in routine production sterilizers (700l) from a large
District General Hospital in UK was analysed;

* BDT results examined between 11-1-2014 and 19-2-2015 (686 cycles). 9 BDT fails
were observed(1.3%)

* When a fail cycle was observed either the previous or next Pass BDT test cycle was
paired with the fail cycle for comparative purposes.

* The following data analysis was then carried out.
* Once the sterilization process had reached equilibrium during the sterilization hold period->
* Tyitterence = Ttheroretical = Tmeasured WaS determined for Pass and Fail pairs (9 pairs in total).
* T test was then used to compare T ...nce fOr €ach dataset pair (Pass and Fail).

* Hypothesis : If T 4. once Fail is statistically significantly greater than T . ence PSS
then the correlation of T-P is a valid approach for detecting air removal and steam
penetration. The difference was not significantly greater.



Bowie and Dick Pass and Fail Cycles
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Results of Data Analysis

Average T theoretical - T measured for Nine P-F cycle Pairs
-1200 -1000 -800 -600 -400 -200 0 200 400

1502 05F
1502 04P
1502 15F
1502 18P
1502 25F
1502:24P
1412 30F
14127P
1411.24F
141135P
1405 259F
14059 30P
1405 14F
1405 13P
1407 28F
1407 5P
1403 26F
1403 X7P

LAY

-12 -11 -1 05 02 04y OH8  O5 44 03 0.2 401 a o1 o2 0.3 0.4 05
T theoretical - T measured showing average and max and min

B Aversge M Max B Min mBDV

Data set pass and fail pairs for T test analysis

The difference between the
theoretical temperature
and the measured
temperature was
approximately -0.2 °C
indicating measured
temperature was higher
indicating slight superheat
or more likely a 0.2 °C
calibration offset in the
measurement equipment.
Differences between Pass
and Fail pairs were NOT
SIGNIFICANT at p=0.05
when using T test.




Grand Average of T theoretical — T measured during the stable period of the holding phase
along with the range for nine Pass and Fail pairs of Bowie and Dick Test cycles (empty
chamber) from a 700L hospital production sterilizer. Also shown the Bowie and Dick Test

factor (BDV) indicating Pass or Fail (negative Fail, positive Pass)

Grand Average of T theoretical - T measured for all nine Pass and Fail cycle
showing the average and range.

‘ — BDV = 147

-12 -1 03 06 04 02 0 0.2 0.4
Temperature Difference T theoretical - T measured [°C) during the stable region of the holding phase

0.6

The difference between the
theoretical temperature and
the measured temperature
was approximately -0.2 °C
indicating measured
temperature was higher
indicating slight superheat or
more likely a 0.2 °C calibration
offset in the measurement
equipment. Differences
between Pass and Fail pairs
were NOT SIGNIFICANT at
p=0.05 when using T test.



Monitoring the efficacy of surface steam
sterilization processes with temperature and
pressure alone
Is this a Valid Approach ?

No it is not
T-P correlation will NOT detect the levels of
residual air which will cause a steam penetration
test failure in a surface steam sterilization process



Correlating T-P does note demonstrate presence of moisture — hence use a PCD

EN ISO 17665;

Clause 10.5 for saturated steam processes the data shall include

a) sterilization temperature, chamber pressure and theoretical steam temperature during the plateau period
d) The results obtained from a PCD device

e) Temperature and or pressure in a process monitoring system

Moist Heat Sterilization

Process Variables

Moisture

INSIDE A PCD




THE END — Thank You



Theoretical calculation

0.8L air at 1013 mB required to create a BDT fail.

At 3066mB 0.8L at atmosph is compressed to 0.264L
0.264L air in a 300L chamber is 0.0881%

0.0881% of 3066 mB =2.7 mB

e Daltons Law, PT = Pair + P steam

* Therefore P steam =PT —P air=3066—-2.7 =3063.3mB
e Using steam tables to convert

* T=(0.0116 x P) + 98.705

e T=(0.0116 x 3063.3) + 98.705 =134.24 C

* So Steam at 3066 = 134.27/, steam at 3063.3 = 134.24C
* We are trying to detect a 0.03C difference in T




