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Medical autoclaves performing sterilization at elevated temperatures using saturated steamSelf-calibrating temperature transmitters
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FDA 21 CFR Part 11 compliant

Medical autoclaves
Reducing risk in batch 
sterilization

Medical autoclaves and steam ster-
ilizers rely on accurate, precise and 
reliable temperature measurements 
to comply with process require-
ments. New sensor technology 
automates recalibrations to reduce 
risk between intervals and provide 
audit-proof batch certification.

Results 
• automated process verification
• FDA 21 CFR Part 11 compliance
• accurate process control
• reduced uncertainty batch-to-batch
• cost and time savings

Challenge
Standard practice in medical autoclave 
operation is to monitor temperature in 
the coldest part of the process by plac-
ing a sensor instrument in the drain or 
near the bottom of steam sterilization 
equipment. 

As measuring instruments are inevi-
tably subject to ageing-induced drift 
phenomena or mechanical damage, 

The iTHERM TrustSens TM371 and 
TM372 smart temperature probes 
feature a Pt100 RTD sensor unit 
capable of fully automated in-situ 
self-calibration using an integrated  
Curie-temperature fix point 
reference. 

The innovative HART® transmitter 
effectively eliminates the risk of un-
detected non-conformities, reduces 
downtime and increases process 
safety. The device is fully compliant 
to FDA 21 CFR Part 11 regulations 
and GMP rules.

periodic recalibration is necessary to 
guarantee reliable process monitoring.
Should an instrument fail, there is no 
reliable way to quickly pin-point the 
timespan and batch(es) affected in 
between calibration cycles, triggering 
a lengthy and costly troubleshooting 
process.

GMP rules do not prescribe specific 
calibration intervals; The frequency 
typically range from 6 to 12 months 
and is usually defined by company-
specific standard operating procedures 
(SOPs). However, this method involves 
process interruption, manual interven-
tion, instrument removal and associ-
ated risks such as mechanical damage.

Our customer, a global healthcare 
company, has sought a new approach 
for its operations at a sterile facility in 
Germany: replacing the manual task 
by automatic in-situ recalibration be-
tween each batch (i.e. each time goods 
are loaded/unloaded).  
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Keeping the instrument in place effec-
tively eliminate the risk of mechani-
cal damage related to manipulation 
and saves valuable resources while 
increasing process compliance.

Endress+Hauser has provided a 
sample instrument that fulfills the ap-
plication requirements:

•	 traceable calibration documentation
•	 FDA compliance
•	 DIN EN 285 compliance
•	 hygienic design
•	 minimum insertion length
•	 minimum response time

Our solution A self-calibration  
method that uses the Curie tempera-
ture (Tc) of a reference material as 
the built-in fix point temperature 
reference.
This physical principle guarantees that 
the reference material is not subject to 
change (i.e. fix point). By design, the 
cell is also protected against chemical 
contamination inside the sensor tip 
itself. Because the Tc of the reference 
material is a constant, it is used as a 
traceable calibration reference.

Process verification

Industry regulatory bodies pro-
vide clear guidance for steriliza-
tion process methods. Verifica-
tion of sterilization procedures 
involves control and monitoring 
of activities performed. 

The FDA stipulates:  
“Sterilization parameters which 
may need to be monitored 
and controlled include: time, 
temperature, pressure, load 
configuration, and humidity“ 

Source: 
https://www.fda.gov/
sterilization-process-controls)

Temperature monitoring

The US CDC guidance on tem-
perature and time parameters 
stipulates: 
“The two common steam-ster-
ilizing temperatures are 121 °C 
(250 °F) and 132 °C (270 °F). 
These temperatures [...] must 
be maintained for a minimal 
time to kill microorganisms. 
Recognized minimum exposure 
periods [...] are 30 minutes 
at 121 °C (250 °F) in a grav-
ity displacement sterilizer or 4 
minutes at 132 °C (270 °F) in a 
prevacuum sterilizer.”

Source: 
https://www.cdc.gov/infectioncon-
trol/guidelines/disinfection/steriliza-
tion/steam.html)

Guidance

According to EMA [1] and US
Pharmacopeia [2] guidelines, 
steam sterilization is the pre-
ferred method when the mate-
rial to be sterilized is capable 
of withstanding these high 
temperatures.

[1] European Commission. “EudraLex 
Vol. 3: Sterilisation of the Medicinal 
Product, Active Substance, Excipient 
and Primary Container.” 
6 March 2019. 
https://www.ema.europa.eu/en/
documents/scientifi c-guideline/
guideline-sterilisation-medicinal-
product-active-substanceexcipient-
primary-container_en.pdf

[2] United States Pharmacopeia. 
USP Chapter <71>: Sterility Tests.

A trial phase has successfully dem-
onstrated that the self-calibrating 
instrument performed well above 
expectations. 

On average, during it’s one month 
installation period and 600 opera-
tion hours, the instrument performed 
approximately 80 successful in situ 
self-calibrations. This equates to an 
average of nearly two batches and two 
calibrations per day.

Curie temperature Once the refer-
ence material reaches the Tc, the ma-
terial undergoes a phase change as-
sociated with a change in its electrical
properties (capacity). The self-
calibrating sensor’s electronics unit 
detects this change in properties 
automatically and compares the
temperature measured by a Pt100 
sensor - a resistance temperature
detector with a resistance (R) of 100 Ω 
at 0 °C - with the known Tc (Figure 1). 

Self-calibration is performed auto-
matically when the process tem-
perature drops below the nominal Tc 
of the device. A flashing green LED 
indicates that the self-calibration 
process is in progress. Once complete, 
the transmitter saves the calibration 
results in its built-in memory.

This in-line self-calibration makes it 
possible to continuously and repeat-
edly monitor changes to the properties 
of the Pt100 sensor and the electron-
ics unit. Because the in-line calibra-
tion is performed under real ambient 
or process conditions (e.g. heating
of the electronics unit), the result is 
more in line with the actual function 
than a sensor calibration performed 
under laboratory conditions.

The device’s data (process tempera-
ture, number of calibrations
completed, calibration deviation fac-
tor) can be transferred directly to the 
process control system or to a suitable 
data manager capable of handling 
data in accordance with FDA integrity
requirements.
A calibration certificate can be auto-
matically created for each self-cali-
bration. The automatically generated 
calibration certificate can be precisely 

assigned to every sterilization batch, 
providing not only traceable documen-
tation - proof that the temperature 
sensor is functioning correctly at that 
particular time - but also evidence of 
the sterility of the batch, since self-
calibration is only completed if the 
temperature at the sensor also reaches 
the required sterilization temperature.

https://www.fda.gov/sterilization-process-controls
https://www.fda.gov/sterilization-process-controls
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/sterilization/steam.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/sterilization/steam.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/sterilization/steam.html
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The automatic self-calibration 
function requires slow temperature 
changes in the process. As shown
in Figure 1, the optimum cooling rate 
for sensor calibration is between –0.5 
K/min and –16.5 K/min. In the case 
of the steam sterilizer, the calibration 
point of the self-calibrating sensor 
was 118 °C, which is very close to the 
sterilization temperature of 123 °C 
(see Figure 2). The automatic calibra-
tion was therefore performed within 
the range of the desired sterilization 
process parameters. The temperature
elevated through the calibration point 
of 118 °C and crossed it on it’s way 
down during the cooling phase after 
sterilization cycle, triggering the cali-
bration process.

Installation  Typically in a steam 
sterilizer, four to six temperature sen-
sors are installed in different locations 
and for different purposes. For the 
study, the self-calibrating sensor was 
installed at the coldest point in the 
autoclave, next to an existing sensor 
to establish a second temperature 
reference (see Figure 3). 

During qualification of a sterilizer, 
temperature mapping is usually car-
ried out to determine the worst po-
sitioning of the sensor. That position 
was determined to be on the chamber 
floor near the door.

Data analysis  Upon completion of 
the study, all data were collected and 
analyzed. The probe was calibrated in 

an accredited calibration lab before 
and after the study. All 80 performed 
calibrations were successful, and 
the sensor accuracy was well within 
specified limits. The calibration results 
were more accurate than a class AA 
Pt100 sensor, considering that a 
state-of-the-art digital temperature 
transmitter typically adds uncertainty 
of ±0.1 K.

Neither the laboratory calibrations 
before and after the test, nor the 
trendline of the automatic calibrations 
showed any significant sign of wear or 
drift. Overall, the study was successful 
and the sensor was found suitable for 
sterilization processes.

Optimal cooling rate for iTHERM TrustSens self-calibration function
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Sustained temperature required for successful automatic self-calibration: (t2 - t1) ≥ 25s; T ≥ 3 K above Curie-point (118 °C)

Cooling rate window technically required for successful automatic self-calibration
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Dietmar Saecker,  
Senior Product and Application Expert 
Endress+Hauser Temperature+System 
Products

„It is no industry secret 
that the biggest risks for 
a thermometer in a  
hygienic system arise 
from the conventional 
calibration process 
itself.“

Medical autoclaves

Figure 2

Typical temperature profile of a medical autoclave (prevacuum cycle sterilization)
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Methods and risks  To definitively 
assess the benefits of automatic in-
process self-calibration instruments, 
it is advisable to look at the method 
commonly used today. To check the 
accuracy of thermometers for hy-
gienic applications, companies often 
use dry block calibrators for on-site 
calibration. 

However, the manual method bears 
an often overlooked source of risk: 
Opening the devices, removing the 
insert, connecting and disconnecting 
electrical contacts, introducing the 
thermometer into the calibrator, or 
transporting the thermometer to the 
laboratory increases the likelihood 
of mechanical damage, such as from 
impact. 

Furthermore, manual calibration 
procedures are always prone to a 
measurement uncertainty of approxi-
mately ±0.75 K, even when performed 

To determine the uncertainty 
of measurement that a calibra-
tion of this kind can have, 
it is advisable to refer to the 
website of a national accredi-
tation institute, such as the 
Deutsche Akkreditierungsstelle 
GmbH (DAkkS). The directory 
of accredited bodies also lists 
numerous companies special-
ized in performing on-site 
calibrations.
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Figure 3: Position of the temperature sensor inside the sterilizer

Reducing risk in batch sterilization

to industry standards by highly-skilled 
professionals.

A direct comparison between both ap-
proaches reveals the following: Given 
its far lower uncertainty of measure-
ment, an in-process single-point 
calibration (±0.35 K) provides a more 
reliable statement of conformity than 
a manual check performed at three 
points using a dry block calibrator
(±0.75 K), particularly for the critical 
temperature range around the steril-
ization temperature; this conclusion is 
especially true if we consider whether 
calibration is performed manually 
once a year or automatically with 
every sterilization cycle.

If the critical temperature sensor is 
working as expected, that would lead 
to more than 1,100 calibrations
per year, not including the manual 
standard calibration completed
periodically (e.g. once a year) as per 
standard operating procedures (SOPs).

Calibration automatically performed 
with every batch ensures that a 
damaged thermometer is promptly 
detected. If the sensor verifies its 
accuracy and the calibration counter 
has increased, this indicates that the 
sterilization was successful. However, 
if the thermometer gives incorrect re-
sults, a warning message is generated
by the transmitter, immediately alert-
ing the user of a problem with the cur-
rent batch. This batch can subsequent-
ly be discarded or repeated, assuming 
a second cycle is possible.

In contrast, if normal calibration 
intervals used in conventional systems 
(e.g., once a year) are used, a ther-
mometer identified as faulty after a 
manual calibration cannot be linked 
to a single batch. Instead, all batches 
that have been sterilized since the last 
calibration event have to be incorpo-
rated into the deviation investigation.
This results in complex root-cause 
analyzes and, at worst, product
recalls, causing considerable expense 
and damage to the brand.

Valuable data  Self-calibrating 
thermometers, when connected to 
a modern process control system or 
secure data manager, can provide 
other data in addition to temperature 
measurement values. Using the HART 
protocol, it is also possible to collect 
‘calibration counter’ and ‘last recorded 
calibration deviation’ event values. 
When these values are continuously 
queried, an alarm can be generated if 
the calibration deviation exceeds an 
established limit. The date and time 
of the calibration can be checked in a 
connected system because the devia-
tion is marked at the moment when 
the calibration counter increases by 1. 

With this technology, it is possible to 
generate an online calibration certifi-
cate that can be viewed any time on 
site, in the network or even in a secure 
cloud.

Conclusion  The study conducted in a 
medical autoclave showed successful 
results concerning the implementa-
tion of a self-calibrating thermometer 
in sterilization processes. The overall 
process control was increased, which 
should be a main goal for any phar-
maceutical company. 

Some considerations regarding cost 
have been assessed. For a typical ap-
plication, the return on investment 
should be reached after approximately 
1.5 years, assuming all temperature 
sensors for one sterilizer are replaced 
with self-calibrating temperature 
sensors.



iTHERM TrustSens TM371 with QuickNeck process connection Memograph M RSG45 advanced data manager with stainless steel 
housing for sterile applications

AI
01

14
5T

/0
9/

EN
/0

1.
20

www.addresses.endress.com

A turn-key solution of iTHERM TrustSens TM371  
or TM372 instruments and the secure data  
manager Memograph M RSG45 is available as a 
scalable bundle with pre-programmed application 
settings.

Want to know more?

Whitepaper: Calibration Monitoring

https://eh.digital/358ENN7


