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Comparative assessment of the  
effects of process parameters as  
well as of detergents on PTFE  
channels with regard to automated 
reprocessing of flexible endoscopes
W. Michels

  Abstract
The cleaning of PTFE tubes or the wor-
king channels of flexible endoscopes in 
washer-disinfectors (EWD), especially 
in the limit range of the protein elimi-
nation currently considered acceptable, 
has hardly been studied so far. In order 
to test and evaluate both the cleaning 
effect of different detergents and dif-
ferent parameters of the cleaning sta-
ge, a test setup was created. Using this 
setup, PTFE hose sections of 10 cm in 
length, each soiled with 20 μl of reac-
tivated heparinised sheep blood and 
then conditioned, were subjected to the 
various cleaning conditions. After clea-
ning, samples for protein quantification 
were obtained by cutting the hose sec-
tions into 4–5 mm long segments and 
extracting them with 3 ml 1% sodium 
dodecyl sulphate solution by vortexing, 

achieving a recovery rate of 99.8%. All 
the cleaners tested contained more or 
less enzymes. The four cleaners with a 
mildy-alkaline pH and a proportion of 
anionic surfactants provided results for 
the residual protein below the detecti-
on limit at 3 minutes exposure time and 
temperatures of 45 and 55°C, respecti-
vely. The neutral cleaner with exclusi-
vely non-ionic surfactants, on the other 
hand, led to residual amounts of pro-
tein, which amounted to 25 μg per test 
specimen on average at 35°C and to as 
high as 86 µg at 55°C, due to the onset 
of fixation. According to the acceptan-
ce criterion of 3 μg/cm² defined by the 

DGKH, DGSV and AKI guidline group, 
less than 18.9 μg residual protein would 
have to be achieved for the hose secti-
on. With reference to the type test, the 
cleaning conditions are suggested by 
manufacturers of RDG-E as unchange-
able. However, the results of these stu-
dies show that the use of alternative 
cleaners and more appropriate cleaning 
parameters can lead to a significant im-
provement of the cleaning process and 
thus an increase in patient safety.

  Introduction 
To date, little research has been car-
ried out on cleaning the PTFE tubes or 
channels of flexible endoscopes and, in 
particular, there is little knowledge of 
the effects of various detergents or of 
changes made to the process parame-
ters during the cleaning step of auto-
mated processes. The processes taking 
place in the flexible endoscope wash-
er-disinfectors (EWDs) differ in accord-
ance with the manufacturer and dis-
tributor. There are also suppliers who 
by invoking the type test strictly pro-
hibit adaptation of the process param-
eters to the conditions prevailing at 
the site of use. That is incomprehensi-
ble since making such changes is abso-
lutely normal in the case of the wash-
er-disinfectors (WDs) used to reprocess 
medical devices and also include ther-
mal disinfection. Nor does standard EN 
ISO 15883 support such a prohibition. 
In general it is unclear how the pro-
cess parameters governing the cleaning 
steps in EWDs, in particular the condi-
tions determining the use of detergents, 
were defined.

Currently, the test model specified 
in the Guideline for validation of automat-
ed  cleaning and disinfection processes for 
reprocessing flexible endoscopes, compiled 
by the DGKH, DEGEA, DGSV, DGVS and 
AKI*, is used to assess the efficacy of 
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the cleaning steps in endoscope wash-
er-disinfectors (EWDs) [1, 2]. To that 
effect, the 200 cm long PTFE (polytet-
rafluorethylene) tubes with internal 
diameter of 2 mm, which are used as 
process challenge devices (PCDs), are 
contaminated with heparinised and re-
activated sheep blood and eluted after 
cleaning with 1% SDS (sodium dodecyl 
sulphate) solution by means of rinsing 
and soaking at intervals. Sampling with 
the specified method should yield a 
protein recovery rate of at least 70% for 
the positive control, i.e. the PCDs with 
the baseline contamination load [2]. 
What recovery rate is assured by the 
described sampling method cannot be 
inferred from its description, nor is that 
made clear by the quantitative results of 
a field study [3]. The PCD has a baseline 
load of well over 25000 µg protein. For 
an 80% recovery rate this would mean 
that well over 5000 µg protein would 
not be recovered, which would mean 
a load of well over 40 µg protein/cm². 
That is precisely the protein-contain-
ing deposit coming into direct contact 
with the PTFE material. Since PTFE ad-
sorbs significant protein amounts [4, 5] 
it is the removal of exactly these protein 
amounts that is of pivotal importance 
for assessment of the cleaning efficacy 
and is indispensable for assuring a high 
recovery rate.  

Due to that unsatisfactory state a 
new test model was developed which 
permits easy verification of the clean-
ing efficacy of PTFE tubes as well as 
differentiated assessment of the find-
ings thanks to the high recovery rate 
assured by the sampling method. 

  Materials and Methods
To test the cleaning efficacy of PTFE 
tubes a model consisting of a circula-
tion cleaning system was developed 
(Figure 1). A 600 ml beaker that was 
filled with 300 ml of the test clean-
ing solution served as a liquid reser-
voir. This was placed on a magnetic 
stirrer and kept at a set temperature 
by means of a heating and tempera-
ture control facility (C-MAG HS7, Carl  
 

Roth, Karlsruhe). A membrane liquid 
pump LIQUIPORT NF100KT.18S (Arti-
cle  EL62.1, Carl Roth) was used as cir-
culation pump. This pump was used to 
draw in the cleaning solution by means 
of a tube suspended in the beaker; the 
solution was then fed via an adaption 
point for a 10 cm PTFE tube segment  
with 2 mm internal diameter (Article  
1173.1, Carl Roth), which served as a 
PCD, and then fed back into the bea-
ker. The tube material  used was Roti-
labo silicone tube with an internal Ø  of 
6 mm and external Ø of 9 mm (Article  
9572.1, Carl Roth). Using that setup, it 
was possible to set a flow rate of 250-
300 ml per minute through the 10 cm 

PTFE tube segment, used as a PCD, as 
determined for a similar 2 m long PTFE 
tube in a commercially available EWD. 
Before cutting into 10 cm segments the 
PTFE tube was subjected once to alka-
line cleaning in a WD using an instru-
ment programme at 55°C, 10-minute 
exposure time and the detergent ther-
moShield Cleaner, Dr. Schumacher, 
Malsfeld, followed by thermal disinfec-
tion at 90°C with 10-minute exposure 
time.

To maintain the entire system at a 
constant temperature a bypass consist-
ing of two Rotilabo 3-way valves (Arti-
cle 1018.1, Carl Roth) was devised. Dur-
ing the conditioning period and when 
changing the tube segment, the solu-
tion circulated via this bypass. Because 
of heat loss from the circulation system 
the temperature of the liquid reser-

voir was always set 3°C higher than the 
nominal cleaning temperature.

The pump had to be stopped for a 
short period each time the valve set-
tings were changed for integration or 
replacement of a PTFE tube segment. 
Following integration of a contaminat-
ed tube segment and to start circulation 
of the detergent solution through the 
tube segment, the pump was operated 
at only 1/3 of the volume flow rate and 
this was then increased within the next 
few seconds to the marked volume flow 
rate of 250-300 ml/min. 

Heparinised sheep blood (Article 
2132005, ACILA GmbH, Mörfelden) 
whose coagulation was reactivated im-

mediately beforehand by addition of 
protamine sulphate was used for con-
tamination of the tube segments. To 
contaminate the tube segments on the 
inside these were secured to a stand 
clamp and, using a Hamilton microlit-
er syringe 702 N (Article X034.1, Carl 
Roth), 20 µl blood was introduced, from 
each side about half the volume. Using 
the needle, the blood was then spread 
on the inside walls. 

Following reactivation of the sheep 
blood that amount of blood was enough 
to contaminate five tube segments on 
the inside. Any attempt to increase 
that number risked causing block-
age of the Hamilton syringe, hence it 
could no longer be used. To ensure that 
enough time was available for contam-
ination, it was decided to reactivate 
and use the sheep blood at refrigera-

* DGKH (German Society of Hospital Hy-

giene), DEGEA (German Society of Endoscopy 

Nurses and Associates), DGSV (German Soci-

ety of Sterile Supply), DGVS)German Society 

for Digestive and Metabolic Diseases) and 

AKI (Working Group Instrument Preparation)

Figure 1: Test setup
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tor temperature. Following contami-
nation the tube segments were placed 
on a rack and conditioned in a desicca-
tor over saturated potassium carbonate 
solution at 30°C in a heating cabinet for 
24 hours.

After each tube segment was placed 
in the circulation system under specif-
ic conditions (detergent concentration, 
temperature and exposure time), it was 
then withdrawn, rinsed with 2 ml wa-
ter of the highest purity class using a 
syringe and then purged with air. Each 
tube was then cut into between 20 
and 25 segments of 4-5 mm and trans-
ferred to a centrifuge test tube (Article 
AN76.1, Carl Roth). Following the addi-
tion of 3 ml 1% SDS solution at pH 11 
each centrifuge test tube was vortexed 
four times for 15 seconds at 10 minute 
intervals after which one aliquot was 
tested for the presence of protein.

Since for detergents containing as 
an ingredient primary amines the OPA 
method would produce incorrect re-
sults, the modified Roti® Quant uni-
versal BCA method (Article 0120.1, 
Carl Roth, Karlsruhe) with photomet-
ric measurement at 503 nm was used. 
This was endowed with adequate sen-
sitivity and good linearity. The limit of 
quantification (LOQ) was around 4.0 µg 
protein (BSA) for each ml 1% aliquot of 
SDS solution.

The following detergents were used 
(characterization based on information 
from the manufacturer):

A:  Mildly alkaline detergent for EWDs 
composed of anionic and non-ani-
onic surfactants, enzymes

B:  Neutral detergent for a specific 
EWD process composed of non-an-
ionic surfactants, enzymes

C: Mildly alkaline/enzymatic deter-
gent for WDs and EWDs composed 
of non-anionic and amphoteric sur-
factants, enzymes

D:  Detergent for WDs and EWDs com-
posed of alkali donors, non-ionic 
and anionic surfactants, enzymes

E:  Mildly alkaline detergent for EWDs 
composed of non-anionic surfac-
tants, enzymes

  Results 
To determine the recovery rate the 
amount of protein in 20 µl blood was 
first measured. To that effect, 20 µl 
heparinised and reactivated sheep 
blood was transferred directly with the 

Hamilton syringe to 5 ml 1% SDS solu-
tion at pH 11, of which one aliquot was 
subjected to protein measurement. Five 
independent test runs yielded a mean 
value of 2730 µg protein with stand-
ard deviation of 78 µg. Next, using the 
Hamilton syringe, the tube segment 
was contaminated with 20 µl heparin-
ised and reactivated sheep blood; after 
conditioning the tube segments were 
cut into small pieces, extracted and one 
aliquot subjected to protein measure-
ment as described under Materials and 
Methods. Ten independent test runs 
yielded a mean value of 2725 µg pro-
tein with a standard deviation of 197 
µg. That thus corresponded to a recov-
ery rate of 99.8 %.

To ensure that for the experiments 
conducted with water or with deter-
gents under different conditions the 
significance levels of the results would 
be adequately high, each test condi-
tion was investigated while using five 
contaminated tube segments as PCDs. 
That helped to balance out any irregu-
larities during pipetting, blood distri-
bution, etc. 

First, cleaning with water alone 
as well as with detergents A and B at 
a concentration of 0.5% at 35°C and 
with 3-minute exposure time was test-
ed. These are the default conditions in 
commercially available EWDs. Next, 
changes in the cleaning efficacy on in-
creasing the temperature to 45°C with 
the same 3-minute exposure time were 
investigated. Cleaning and disinfection 
processes that include a thermal disin-
fection step operate as a rule at a tem-
perature of around 55°C in the cleaning 
step. Hence, testing was also performed 
at that temperature to establish wheth-
er this would produce better cleaning 
results for the PTFE tubes. The results 
of these test series are summarized in 
Table 1.

Since these experimental series re-
vealed that the more suitable tempera-
ture for protein removal was 45°C, de-
tergents C, D and E were tested only at 
that temperature. Residual protein val-
ues below the limit of quantification of 
12 µg per tube segment were obtained 
for all three detergents. 

Since many EWDs are operated 
with a 5-minute exposure time in the 
cleaning step, all detergents were also 
tested at 45°C with the longer 5-minute 
exposure time. The results are present-
ed in Table 2.

  Discussion
Cleaning the channels of flexible en-
doscopes makes special demands on 
the process chemicals and process pa-
rameters used in EWDs. The test set-
up described in this paper is eminent-
ly suitable for testing the cleaning ef-
ficacy. While fluctuations were noted 
with regard to the blood distribution, 
flow rate, temperature as well as for 
rinsing and sampling, which together 
have a cumulative effect, by using five 
PCDs per test condition that effect was 
adequately balanced out or compensat-
ed for to permit good assessment of the 
cleaning efficacy.

The internal surface area of the tube 
segments was 6.3 cm². With a guide val-
ue of 3 µg/cm² that gives an acceptance 
value of 18.9 µg per tube segment. That 
guide value is specified in the Guideline 
for validation and routine monitoring of au-
tomated cleaning and thermal disinfection 
processes for medical devices, compiled by 
the DGKH, DGSV and AKI as well as in 
the Guideline for validation of manu-
al cleaning and manual chemical disin-
fection of medical devices, compiled by 
the societies DGKH, DGSV and AKI and 
is expected to also be specified in the 
forthcoming standard ISO EN 15883-5 
n [6, 7, 8]. 

The standard parameters speci-
fied for the cleaning step at 35°C with 
3-minute exposure time in a commer-
cially available EWD (Table 1) are ap-
parently not suitable for assuring effec-
tive and appropriate cleaning. While 
the results obtained for both deter-
gents were markedly better than those 
achieved with water alone, the results 
achieved with detergent B, which is 
marked by actual EWD supplier, were 
above the acceptance value for four out 
of five PCDs. A further critical aspect 
here is that this supplier has, by invok-
ing the type test, declared the cleaning 
step parameters as unchangeable. That 
casts doubt on the method used to as-
sess the cleaning efficacy in accordance 
with ISO EN 15883 Part 1 and Part 4 
during the type test. Even for detergent 
A, which assured markedly better clean-
ing efficacy, the residual protein quanti-
ties for some PCDs were just below the 
acceptance value. That must be viewed 
in a critical light when applied to real 
endoscopes with aged PTFE channels.  

On increasing the test temperature 
to 45°C while retaining the 3-minute 
exposure time, the residual protein 



                     
Table 1: µg residual protein per tube segment after cleaning at 35°C, 45°C and 55°C with 3 minute  
exposure time

Cleaning 
temperature

Detergents PCD 1 PCD 2 PCD 3 PCD 4 PCD 5 Mean value

35 °C Only water 46.0 78.5 107.4 86.6 85.4 80.8

A 17.0 13.5 <LOQ 12.4 15.8 14.1

B 26.3 15.8 30.9 22.8 29.8 25.1

45 °C Only water 57.7 61.2 62.4 58.9 56.6 58.9

A <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

B 17.0 <LOQ 24.0 18.1 <LOQ 16.6

55 °C Only water 69.9 33.1 77.3 125.0 88.3 78.5

A <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

B 126.3 38.0 99.3 111.6 54.0 85.8

<LOQ = Below the limit of quantification (≈12 µg per tube segment); PCD = Process challenge device 

Table 2: µg residual protein per tube segment after cleaning at 45°C and with 5 minute exposure time

Detergents PCD 1 PCD 2 PCD 3 PCD 4 PCD 5 Mean value

Only water 65.8 69.3 56.4 49.4 71.6 62.5

A <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

B <LOQ <LOQ <LOQ 13,1 <LOQ <LOQ

C <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

D <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

E <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

LOQ = Limit of quantification (≈12 µg per tube segment), PCD = Process challenge device
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quantities for detergents A were below 
the limit of quantification of around 12 
µg per PCD in all cases. Likewise, the 
performance of detergent B was mark-
edly better at 45°C than at 35°C, but 
there was greater fluctuation of the re-
sults and in one out of five PCDs the re-
sidual protein value was still above the 
acceptance value. A further increase in 
the cleaning temperature to 55°C, as 
customarily used in WDs with thermal 
disinfection processes, led to poorer re-
sults for the PTFE tube segments both on 
using water alone and with detergent B 
than those achieved at 45°C. Detergent 
B even appeared to reinforce protein 
fixation due to incipient denaturation. 
The optimal temperature for cleaning 
PTFE tubes is apparently around 45°C. 
That was confirmed by the results ob-
tained with the three other detergents 
C, D and E at 45°C and with 3-minute 

exposure time, all achieving results be-
low the limit of quantification. Prolon-
gation of the exposure time of clean-
ing at 45°C to 5- minute exposure time 
(Table 2) did not improve the cleaning 
results on using water alone, however, 
good results were obtained for deter-
gents, including B. 

The decisive question now is wheth-
er that is also sufficient for PTFE chan-
nels of flexible endoscopes harbouring 
real-life soils after use and in view of 
the continuous creation of products 
that meet the requirements. That ques-
tion can only be answered by means of 
performance qualification carried out 
under field conditions with real endo-
scopes. However, unlike performance 
qualification as practised for wash-
er-disinfectors (WDs), to date this has 
not been done for endoscope wash-

er-disinfectors s (EWDs).  Testing with 
2 m PTFE PCDs is designated in the 
guideline as performance qualification 
[3]. Based on standard EN ISO 15883-
1, this is not performance qualifica-
tion but is merely a test aimed at cre-
ating a link to the type test, similar to 
the Crile clamps used to test automated 
cleaning processes with thermal disin-
fection. According to standard EN ISO 
15883-1 (6.10.3), performance qualifi-
cation involves the investigation after 
automated cleaning of (real) instru-
ments harbouring everyday soils. Test-
ing with PCDs shows only with a high 
degree of probability that the process is 
able to produce products that meet the 
specifications but that must be verified 
as a factual finding during performance 
qualification with real instruments [9]. 
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Here a major misunderstanding comes 
to light with regard to the guideline for 
validation of EWD processes. What has 
been omitted in the guideline is spec-
ification of a tried and tested method 
for sampling and quantification of re-
sidual proteins in the channels of endo-
scopes harbouring real everyday soils 
after cleaning. There is an urgent need 
to work on this.

The PCDs used here were new, un-
damaged PTFE tube segments as also 
used in the published method for veri-
fication of the cleaning performance of 
EWDs. In reality  the biopsy channels of 
flexible endoscopes will  have been sub-
jected to repeated passage of biopsy for-
ceps and to cleaning with a brush caus-
ing aging of the internal channel sur-
faces. How, for example, minor damage 
to the internal surfaces impacts clean-
ing will now also be investigated.
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