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Abstract
The heart catheter laboratory of the Medizinische
Klinik und Poliklinik I - Großhadern (Klinikum der
LMU Munich) has been having its electrophysiological medical devices reprocessed by remed GmbH in
Friedeburg for around 15 years. The company, a
subsidiary of Vanguard AG, is certified according to
DIN EN ISO 13485 and has the facilities and technical equipment which meet the highest requirements. During this period, more than 33,000 products
have been reprocessed for us which were subsequently reused. We have at no time been able to
determine any quality differences to new products or
any disadvantages for the patients. As far as we are
concerned, reprocessing done by professional service-providers provides us with an excellent opportunity of taking advantage of significant potential savings.
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Legal aspects
In the German legal principles such as the Medicinal
Devices Act (Medizinproduktegesetz or MPG) and
the statutory ordinances based on these, there is no
ban on reprocessing so-called single-use medical
devices. The Medicinal Devices Act does not make a
distinction with regard to the term or definition between single-use or reusable products [1]. Therefore,
one can assume that the definition of reprocessing,
adopted in the Medicinal Devices Act or MPG, as
well as the safety objectives defined in Sections 4
and 14 apply to all medical devices, regardless of
their identification. One must know that it is solely the
decision of the manufacturer, as to how he declares
his medical device. Products can be labelled as single-use products without providing any objective,
verifiable reasons. It does not matter, either for reasons of patient safety or from the scientific perspective, whether the reprocessed medical device in
question has been declared to be a "single-use product" or a "reusable item" by the manufacturer. Ultimately, all medical devices, regardless of their manufacturer declaration, must fulfil the same requirements as far as their functionality and hygienic harmlessness is concerned. The crucial issue is firstly, that
patients, users or third parties will not be exposed to
any higher risks when re-using a "single-use product"

than when using a new product. Whether a reprocessed product or a new product is being used must
not make a difference as far as the hygienic and
technical functional properties are concerned.
The reprocessing of so-called single-use products is
possible providing that certain prerequisites are observed. Thus, validated processes for the cleaning
and disinfecting, packaging and sterilisation must
always be employed during reprocessing. Suitable
facilities, suitable reprocessing equipment and qualified media must be available. The reprocessed medical devices must undergo adequate material and
function testing. Finally, having knowledgeable and
well trained personnel is a very important foundation.
Naturally, seamless processing and approval documentation is required for all phases of the procedures
and testing.

Reprocessing has firmly established
itself
When we decided to use an external service provider for the reprocessing of our electrophysiological products in 1997, this topic was generally a
subject of great controversy. The opponents were
of the opinion that the products represented a
source of infection and that material damages
could occur as a result of this reprocessing. The
legal problems were also pointed out time and
again. The proponents assumed that there was no
risk of infection and that material damages were
clinically irrelevant [2]. Today, the topic is still being
discussed but meanwhile, the legitimacy has been
recognised by the overwhelming majority. While
revising the MPG in recent years, there would
have been ample opportunities to impose a ban.
However, this was never the intention of the legislators. Thankfully, the opponents' fears concerning
possible patient injuries have not become a reality
in the past 15 years either. In our organisation, we
have not experienced a single case where a patient was injured as a result of an improperly reprocessed catheter.
It can be said that the reprocessing of electrophysiological catheters has firmly established itself in
the meantime in Germany. There are hardly any
centres any more that do not take advantage of the
benefits of such a service.
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Reprocessing by a certified company
We started to have our electrophysiological catheters
reprocessed by a service provider certified in this
type of work (remed GmbH in Friedeburg) about 15
years ago. For us, the major criteria were that the
offered reprocessing employed validated processes
for cleaning/disinfection, packaging and sterilisation,
that all the products underwent a precise final examination including function testing, and that there was a
guaranteed assumption of liability for the reusable
products in the event a patient suffered an injury due
to infection, material defects etc. Another important
principle for us was that all the products were unmistakably marked with an identification number (see
Fig. 1). As a result, the complete history of every
product with all the quality relevant data is documented, allowing every product to be clearly reassigned back to the respective user.

giene and Infection Prevention at the Robert-KochInstitute and the Federal Institute for Pharmaceuticals
and Medical Devices (RKI/BfArM recommendation)
concerning the hygiene requirements during the reprocessing of medical devices [3, 4]. Table 1 shows
the medical devices that can be reprocessed for
cardiology and electrophysiology.
Table 1: "Single-Use Medical Devices" from the
field of cardiology which are suitable for reprocessing
Function area
Cardiology/
Radiology/
Angiology

Electrophysiology

Item group
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Figure 1: Individual, product-specific identification
In the meantime, there are several companies in
Germany that offer the reprocessing of so-called
single-use medical devices. remed GmbH, founded
in 1996, was a pioneer in this area; the company's
serious and professionally well-grounded work triggered the rethinking process during lengthy discussions fraught with problems, preparing the groundwork for this sector of industry. Together with Vanguard AG, whose subsidiary remed GmbH has been
since 2003, these operations have the most experience and currently have the best technical equipment
in this field.

Possibilities during the reprocessing of
medical devices
Products that can be reprocessed

Guide catheters
Compression
Dilators
Laser catheters
Varicose vein coagulation catheters
Guide wires
Sizing catheters
Flow measurement probes
Ablation catheters
Ablation catheters with a cooled
electrode
EP diagnostic catheters, steerable
EP diagnostic catheters, fixed
curve
Ablation catheters for renal denervation
Connection cable, electric
Transseptal needles
Oesophagus electrodes
Steerable introducer sheaths
Ultrasound probing catheters
Compression
Pressure measurement catheters
Temporary pacemaker electrodes
Dilators

Our processor reprocesses the medical devices using mechanical, validated cleaning and disinfection
processes with clearly defined and fully reproducible
parameters [5]. Countless microbiological, biochemical and material-related studies have been carried
out on the reprocessed products in close cooperation with hygienists and material experts. The
findings confirm that the reprocessing procedures are
sufficiently effective and that no relevant changes
occur in the products as a result of use, reprocessing
or re-sterilisation. In addition to this, every single
product is examined in type-specific incoming, workin-process and final inspections as far as their fitness
for use is concerned. Figure 1 shows the distal area
of a repeatedly reprocessed electrophysiology catheter.

A series of medical devices from the areas of cardiology, ophthalmology, arthroscopy, endoscopy and
other specialist fields can be reprocessed by the
service-providers in compliance with the especially
high requirements in accordance with the joint recommendations of the Commission for Hospital Hy15 years of experience in the reprocessing of electrophysiological medical devices
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a very low detection threshold. The results are
shown in µ-mole OPA-sensitive amino groups.
Through the use of this method, therefore, both the
outer surfaces and also the inner surfaces of narrow lumens which are difficult to reach can be examined non-destructively to establish that cleaning
has taken place successfully. The products are
only approved once the absence of residues has
been documented.

Figure 2: The tip of a repeatedly reprocessed electrophysiology catheter

Reprocessing of ablation catheters with a
cooled electrode
The reprocessing of ablation catheters with a
cooled electrode is performed using a specially
developed, validated process. It is a processing
step incorporating reverse flushing, i.e. distal to
proximal pulsating pressurised flushing via specially integrated adapters. This ensures that no residues are flushed into the electrode tip.

Figure 3: Ablation catheter with a cooled electrode
during elution with SDS in the laboratory

Ablation catheters with a cooled electrode have a
complex design, especially as a result of the continuous lumen and the extremely fine terminal
openings, which make it impossible to perform a
qualitative visual examination for cleanliness. As a
result, the protein residues are ascertained for
every single catheter while inspecting the cleaning
performance during production and using the
modified OPA method in accordance with ISO
15883-1:2006 Annex C. This method can be used
non-destructively both for hard to reach external as
well as internal surfaces, e.g. narrow lumens, to
ensure that cleaning has been successful. Protein
residues can be recorded with a high degree of
sensitivity and specificity with this laboratory method. This means that this method can even detect
residues left by merely picking an instrument up
with the fingers. The detection threshold of this
method extends into the picomole range.
In order to remove any proteins present on instruments, these are bathed or flushed through (elution) with a special detergent (sodium dodecyl
sulphate or SDS) for a defined period of time to
obtain samples. Because of its denaturating effect,
SDS is highly effective as a detergent in unfolding
and solubilising proteins. The released amino
groups from the dissolved proteins in the collected
solution can be quantified after reacting with specific chemicals by using a spectral photometer with

Figure 4: The dome-shaped area on an ablation
catheter with a cooled electrode during elution with
SDS
Comparison studies by users
Meanwhile, extensive experience with reprocessed
cardiac catheters is available from university hospitals, heart centres and hospitals. About 10 years ago,
the head physician of the Schüchtermann-Schiller
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Kliniken in Bad Rothenfelde published a field report
based on more than 100,000 surgeries using reprocessed PTCA catheters, guiding catheters, balloon
dilation catheters, electrophysiology catheters and
intramuscular ultrasound probes [6]. The reprocessing was performed in-house during the initial
years, and was subsequently carried out by a service
provider. The target of the comparison studies was to
determine whether differences could be found in the
practice-relevant parameters such as the examination period, the radiation exposure of patients, the
use of contrast agents and the number of catheter
changes. It was possible to show that this was not
the case. Even catheter-related complications such
as infections or the formation of loops or knots and
catheter breakages did not occur more frequently
than when using new catheters for the first time. At
that time, the clinic estimated their annual saved
costs were in the area of about 300,000 DM (around
150,000 Euro).
Another study with ablation catheters a few years
later at the Kerckhoff-Klinik in Bad Nauheim arrived
at very similar results [7]. During this study, follow-up
examinations were also carried out when patients
were released and six months later. No catheterassociated infections or fever reactions were noticed
in connection with catheters that had been reprocessed up to six times.
Based on our experience, we can also confirm that
the course of the study itself was not affected by the
re-use of reprocessed catheters. We were not able to
discover an increased complication rate either.
Therefore, whether or not re-processed catheters are
reused or whether or not new products are employed
has no clinical relevance.
The findings of the comparison studies carried out at
the clinics and last but not least, the findings collected
at remed over a period of 15 years with several million reprocessed "single-use products" show that reuse is safely possible and no increased risk to the
patients should be expected if the stringent requirements are observed.

Economic aspects
Considerable costs can be saved through the reprocessing and reuse of "single-use medical devices"; this is highly relevant to hospitals in the
public health sector as a result of the current tough
financial situation. Under today's cost pressures,
the repeated use of high grade medical devices
makes sense and is unavoidable. Likewise, in order for medical services to remain affordable in the
future, medical devices must be re-processed,
especially in cases where they are expensive, as is
the case, for example, with electrophysiology cath-

eters. Naturally, however, patient safety always
has the absolutely highest priority before the economic aspects. Today, reconciling both of these
does not pose a problem as a result of the available mechanical reprocessing technology, extensive
process validations and the wide range of testing
options.
In addition to the efficiency principles, the aspects
of protecting resources and avoiding waste are
also important among other things. With the growing global shortage of energetically or materially
utilisable natural resources and the simultaneously
increased environmental burden caused by waste
due to human consumption, our interest must increasingly focus on creating cycle processes and
on achieving multiple uses within their products or
materials [5].
If the "best demonstrated available technology" and
the latest findings of medical research are used for
re-processing, i.e. while observing the joint recommendation by the Robert Koch Institute and the Federal Institute for Drugs and Medical Devices
(RKI/BfArM) as well as the relevant DIN, EN and ISO
standards, one can safely assume that the re-use of
products will not pose an increased danger to the
safety and health of patients, users or third parties.
This fulfils the safety objectives of the Medicinal Devices Act and there are no objections against reprocessing and re-using single-use medical devices
from a medical, legal or liability-related aspect and
hospitals can achieve considerable savings of costs
in addition to taking advantage of the ecological benefits [5].

Evaluating 15 years of reprocessing
In the following, we wish to report on our years of
experience using reprocessed catheters.
Reprocessed volumes between 1997 and 2011
(1st quarter)
Starting with 1,400 products in 1997 and ending
with 3,300 products last year, we have had a total
of more than 33,000 medical devices reprocessed
by remed GmbH to date (see Fig. 5). This has
involved mainly fixed curve EP diagnostic catheters, ablation catheters, steerable EP diagnostic
catheters, connection cables and ablation catheters with a cooled electrode. Smaller quantities of
ultrasound catheters and transseptal needles were
also reprocessed (see Fig. 6).

15 years of experience in the reprocessing of electrophysiological medical devices
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1996 to 2011 (1st quarter)
33,067 reprocessed medical devices

Figure 5: Reprocessing of electrophysiological
medical devices between 1997 and 1st quarter
2011

Figure 7: Reprocessing of medical devices between 1997 and 1st quarter 2011

Table 2: Maximum reprocessing frequencies of
item groups
Item group

Maximum
reprocessing frequency
6

EP diagnostic catheters,
fixed curve
EP diagnostic catheters,
steerable
Ablation catheters
Ablation catheters with a
cooled electrode
Connection cables
Ultrasound catheters
Transseptal needles

Figure 6: Reprocessing of supplied medical devices between 1997 and 1st quarter 2011
The expansion of the quantities for the individual
item groups is shown in Figure 7. In the early
years, only the non-steerable EP diagnostic catheters were sent for reprocessing. In 1999 alone, this
came to a total of 2,200 pieces. Over the course of
the years, the quantities in this group of products
for reprocessing gradually decreased. The first
ablation catheters were added instead in 2000,
followed by the first steerable EP diagnostic catheters in 2001; their importance for reprocessing
increased as time went on. In 2004, we finally
started to have ablation catheters with a cooled
electrode reprocessed as well. In 2010 alone, this
came to a total of almost 300 pieces. Since 2009,
large quantities of electric connection cable are
also being reprocessed. We have also been having the transseptal needles reprocessed for the
last two years. The maximum approved reprocessing frequencies for the individual item groups
are shown in Table 2.

6
6
3
50
3
3

As you can see in Figure 5, not all the products
sent in for reprocessing are also released subsequently for re-use. It is possible that a product can
be damaged as a result of being used or even
during transit. These products are however safely
recognised during the incoming, in-process and
final inspections and are then definitely rejected.
Ablation catheters
Example evaluations of the ablation catheter item
group in Figures 8 through 10. Figure 8 shows how
many catheters underwent reprocessing cycles 1
to 6. From a total 1,199 products, at least 549
could still be reprocessed a sixth time (also see
Table 3).

Table 3: Number of ablation catheters per reprocessing cycle
Reprocessing
cycle
1
2
3
4
5
6

15 years of experience in the reprocessing of electrophysiological medical devices

Number

Percentage

1,199
983
844
694
609
549

100.0
82.0
70.4
57.9
50.8
45.8
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The approved and rejected quantities for the individual reprocessing cycles can be found in Figure
8.
The percentage distribution is shown in Figure 9.
One can see that the reject quota even displays a
decreasing tendency as the reprocessing frequency increases. Overall, the reject quota for ablation
catheters stands at 7.1%.

Figure 10: Rejection reasons for ablation catheters

Ablation catheters with a cooled electrode
Figures 11 to 13 show the evaluations for the
group of ablation catheters with a cooled electrode.
Because of the complex design with the open lumen and very fine side openings in the dome area,
these catheters are only approved for reprocessing
three times.
Figure 8: Approvals and rejects per reprocessing
cycle for ablation catheters

Figure 9: Approvals and rejects per reprocessing
cycle for ablation catheters
There are a multitude of reasons why a catheter
cannot be approved for re-use. The various reasons for rejection for all the ablation catheters sent
in by us are shown in Figure 10. The most frequent
reason for rejection by far in this item group is defects in the thermistor or thermo-coupling function.
Surface damages or changes in the curve geometry are also discovered quite frequently. Finally,
passing the expiry date issued by the manufacturer
also contributes to the fact that products cannot
undergo any further reprocessing.

The reject quota increases slightly from 9.1% in
cycle 1 to 10.8 % in cycle 3 (see Fig. 12). About
67% of the products could be sent out for reprocessing three times (see Table 4).

Figure 11: Approvals and rejects per reprocessing
cycle for ablation catheters with a cooled electrode

Table 4: Number of ablation catheters with a
cooled electrode per reprocessing cycle
Reprocessing
Cycle
1
2
3

15 years of experience in the reprocessing of electrophysiological medical devices

Number

Percentage

472
376
315

100.0
79.7
66.7
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Conclusions
In summary it can be said that the reuse of reprocessed "single-use medical devices" is justified, as
this does not represent an increased risk for patients and has huge cost benefits. However, the
prerequisites are validated reprocessing procedures employed by a qualified institution which
also assumes the liability if an injury is suffered as
a result of a poorly reprocessed product. When
collaborating with scientific institutions, the ongoing optimisation and further development of the
reprocessing, test technologies and procedures
must be assured. Last but not least, complete documentation for seamlessly tracing all the results
and processing steps is absolutely mandatory.
Every user must be satisfied that these prerequisites are actually fulfilled.
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