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Zusammenfassung
Hintergrund: Endoskopie der weiblichen Brust, bekannt als
Duktoskopie, gewinnt zunehmende Akzeptanz als Diagnosti-
kum weltweit. Neue technische Weiterentwicklungen von
Duktoskopen sowie dazugehörigen Mikroinstrumenten rich-
ten das Forschungsinteresse von der diagnostischen auf die
interventionelle Duktoskopie, die zum gegenwärtigen Zeit-
punkt noch experimentell ist. Wir beschreiben diese neuarti-
ge technische Entwicklung und die daraus mögliche resul-
tierende Zukunftsperspektive der Duktoskopie. Methoden:

Die Studie umfasste die Analyse von und Übersicht über
technische Neuentwicklungen in der Forschung an der Frau-
enklinik der Technischen Universität München und anderen
Einrichtungen, sowie die Literaturanalyse aus MEDLINE und
COCHRANE zum Stichwort Ductoscopy. Ergebnisse: Die rein
diagnostische Duktoskopie wird von vielen Brustspezialis-
ten weltweit durchgeführt. Die interventionelle Duktoskopie
hingegen benötigt einen zusätzlichen Arbeitskanal und eine
Auswahl von Mikroinstrumenten von 0.4–0.8 mm für Ein-
griffe innerhalb der Milchgänge. Solche Duktoskope gibt es
gegenwärtig nicht in den USA, sie werden aber in Deutsch-
land und in verschiedenen anderen Ländern eingesetzt. Die
Autofluoreszenzduktoskopie ist eine neue Bildgebungstech-
nik im experimentellen klinischen Einsatz zur Identifizierung
intraduktaler Läsionen. Die Laserduktoskopie zur Entfernung
von intraduktalen Papillomen und dreidimensionale Tra-
cking-Systeme sind Zukunftsprojekte. Schlussfolgerung: Die
technische Neuentwicklung und weitere Miniaturisierung
von Instrumenten unterstützt den Wandel von der diagnosti-
schen zur interventionellen Duktoskopie. Der therapeuti-
sche, intraduktale Zugang sowie die Autofluoreszenzendos-
kopie könnten zukünftig unnötige Biopsien vermeiden und
eine bessere Identifikation intraduktaler Veränderungen er-
möglichen.
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Summary
Background: Endoscopy of the female breast, known as
ductoscopy, is increasingly gaining acceptance as a diag-
nostic procedure worldwide. Recent technical development
of ductoscopes and micro-instruments is shifting research
interest from diagnostic to interventional ductoscopy. We
describe novel technical aspects and the resulting possible
future perspective of ductoscopy. Methods: This study com-
prised the analysis and review of new technical develop-
ments from research at the Technical University Munich,
Germany, and others, as well as a review of the MEDLINE
and COCHRANE databases for the keyword ductoscopy. Re-

sults: Diagnostic ductoscopy is performed by many breast
physicians worldwide. Interventional ductoscopy, however,
depends on an additional working channel and a variety of
micro-instruments of 0.4–0.8 mm for procedures inside the
breast duct. They are at present not available in the U.S. but
are used in Germany and several other countries. Autofluo-
rescence ductoscopy is a new imaging technique used on
an experimental base for clinical evaluation to identify intra-
ductal lesions. Laser ductoscopy for removal of intraductal
papillomas and 3-dimensional intraductal tracking systems
are future projects. Conclusion: Technical innovation and
further miniaturization of instruments is supporting a
change from diagnostic to interventional ductoscopy. A
therapeutic intraductal approach as well as autofluores-
cence endoscopy could potentially eliminate unnecessary
biopsies and offer better identification of intraductal lesions.
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Introduction

The attention of breast physicians to ductoscopy as a rather
new minimally invasive method has been rising recently with
remarkable speed. Since its first publication in 1988 [1], duc-
toscopy developed slowly in the beginning but has escalated
recently. The technique and clinical performance of duc-
toscopy in our institution has been comprehensively described
before [2]. The use of a ductoscope (fig. 1) is easy; the setting
for an ambulatory performance (fig. 2) does not require a so-
phisticated environment. Innovative endoscopy and medical
instrument companies allow, in cooperation with specialized
breast centers at universities and their excellent premises, to
develop joint ideas into clinical applications and procedures,
e.g. the development of the, at that time, world’s smallest
mini-ductoscope with a full working length of 75 mm but an
outer diameter of only 0.5 mm [2]. Two German endoscopy
companies manufacture autoclavable reusable metal ducto-
scopes of different sizes ranging from 0.5 to 1.3 mm in outer
diameter [3, 4].
With the recent publication of several German case series
from Munich [2], Greifswald [5], and Berlin [6], after only spo-
radic German publications for initial evaluation in the 1990s
[7–10], a critical mass of users and promoters has been
reached in Germany for the first time, which is necessary to
implement and further develop this novel diagnostic and ther-
apeutic technique on a broad base in larger centers nation-
wide. Several ductoscopy workshops as well as a multi-center
trial for office-based physicians and hospital-based clinicians
support training and ease the learning curve as well as the ac-
ceptance and consecutive adoption of this new procedure. We
summarize here the latest technical developments of duc-
toscopy, related instrumentation, and intraductal imaging
techniques.

Methods

An analysis and review of new technical developments from research and
clinical evaluation at the Technical University Munich and the Ernst-
Moritz-Arndt-University of Greifswald (both Germany) and others, as
well as a review of the MEDLINE database (www.ncbi.nlm.nih.gov) for
the keyword ductoscopy including synonyms like breast duct microen-
doscopy were performed on March 25th 2007. A search of the
COCHRANE database (www.cochrane.org) for the evaluation of duc-
toscopy under evidence-based medicine and randomized trial aspects was
simultaneously performed.

Results

Up until March 25th 2007, only 66 papers were listed in a key-
word search in MEDLINE for ductoscopy, 65 of them are
about breast ductoscopy. A large number (33.8%) of them
were listed as reviews (n = 22/65). For the keyword breast duct
microendoscopy, another 2 scientific papers were found. Only
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very few publications mentioned or used an interventional
ductoscope, or described interventional ductoscopy or instru-
ments for intraductal interventions [2, 5, 10–12]. Ductoscopy
as a new intraductal imaging technique has not yet been eval-
uated for the Cochrane Library.

From Diagnostic to Interventional Ductoscopy
In contrast to the U.S., technical development of ductoscopes
in Germany at present is rather advanced. The reason is that,
despite comprehensive clinical research and publications, duc-
toscopy has so far been primarily performed and used as a di-
agnostic method in the USA. In Germany, for several years in-
terventional ductoscopes have been in use [10, 13, 14] which
so far do not have an FDA approval for the U.S. market. An
additional channel of ductoscopes of a U.S. manufacturer of
only 0.35 mm [12] can be used for irrigation and ductal lavage
but not in conjunction with micro-instruments of 0.4–0.8 mm.
However, in Japan intraductal biopsy forceps were developed

Fig. 1. Insertion of a ductoscope through the nipple.

 

Fig. 2. Setting for ambulatory ductoscopy with normal intraductal walls
on the monitor.



and have been used for several years [15, 16]. In contrast to di-
agnostic ductoscopes, interventional ductoscopes offer a
working channel with an inner diameter of up to 0.8 mm
through which multiple newly developed as well as adopted or
adjusted micro-instruments from gastrointestinal endoscopy
can be used. Interventional ductoscopy allows for the first
time intraductal access and use of different instruments under
visual control, bringing conventional diagnostic ductoscopy to
a completely new level with numerous therapeutic options. A
variety of micro-instruments, e.g. a cytology brush of 0.4 mm
in diameter for cytology retrieval of suspicious lesions under
visual control [2, 11] or micro-biopsy forceps with an 0.8 mm
diameter with a built-in optical system [14], are available so
intraductal biopsies can also be performed under visual con-
trol. Thin marking wires of 0.4 mm can be used through the
working channel either for a reversible or irreversible marking
of intraductal areas of interest which later can be easily found
after the ductoscope has been removed. Also, intraductal pa-
pillomas can be extracted with a thin titanium basket [17].
Further devices are an inlet guide introducer or the Soft
Lumen Tissue Expander (SOLEX®, PolyDiagnost GmbH,
Pfaffenhofen, Germany) for insertion support of instruments
or the ductoscope especially helpful in case of an intraopera-
tive exchange of ductoscopes. All these instruments and de-
vices are currently either already in clinical use or under ex-
perimental evaluation [14, 17].

Autofluorescence Ductoscopy
But the development of ductoscopy is not limited to new in-
struments or procedures and techniques. Also, the endoscopic
imaging technique is breaking new ground for intraductal vi-
sualization. As a result, autofluorescence ductoscopy as a new
intraductal imaging technique was first described only recent-
ly [18]. A new type of autofluorescence ductoscope with a
30,000 pixel resolution has been developed [19] and is current-
ly under experimental clinical investigation [20]. In contrast
to standard white light endoscopy, the light source offers by
the simple switch of a button the alternative of an autofluores-
cence mode [18]. Fluorescence light of a defined wave length
is sent through the ductoscope into the breast ducts and is im-
mediately reflected by body’s own intraductal wall molecules:
healthy tissue at a 100% reflection rate, altered or non-benign
tissue at a reduced rate to nothing. So without modification,
any intraductal lesions of interest and ductal wall changes
could hardly be recognized. Only after inverting the picture
and adding and cross-fading an additional picture from the
blue-violet spectrum, additional visual intraductal information
results which could allow a visual identification of early ductal
wall alterations and possibly even ductal carcinoma in situ.
From the initial development and application in bron-
choscopy, a semi-quantitative visual evaluation of tissue digni-
ty seems to be possible allowing the physician to instantly dif-
ferentiate between benign and non-benign lesions during duc-
toscopy [20, 21]. Regarding the application of autofluores-

cence ductoscopy, these are preliminary experimental results
at a very early stage of clinical evaluation, therefore evidence-
based study results are not available at present. However, in
bronchoscopy for which the autofluorescence technique has
initially been developed [21, 22], it is already successfully in
use and has resulted in the commercially available DAFE Sys-
tem (Diagnostische-Auto-Fluoreszenz-Endoskopie) [23].

Future Technology of Ductoscopy
A few papers are pointing towards future technical develop-
ments. Spectrally encoded endoscopy (SEE) is a step towards
further miniaturization with just a single optical fiber of only
80–250 µm allowing 3-dimensional imaging [24]. The develop-
ment of laser ductoscopy, e.g. for intraductal ablation of papil-
lomas, seems to be technically feasible and is under considera-
tion [25]. To eliminate visual-spatial orientation problems or
difficulties finding back to previously identified intraductal le-
sions, 3-dimensional tracking systems – e.g. ultrasound sup-
ported – will be helpful and are likely to further reduce operat-
ing room time [26]. Confocal laser endomicroscopy could offer
a further magnification of the in vivo cell architecture as well
as being a subsurface imaging technique [27]. First results of
conventional imaging techniques using helical computed to-
mography have been published to identify intraductal lesions
[28, 29] allowing 3-dimensional intraductal imaging of lesions
and their localization. Also, a combination of breast duc-
toscopy with standard conventional techniques like core nee-
dle biopsy or vacuum needle biopsy is possible and seems to
improve histological results [30–32]. These options show a vari-
ety of experimental minimally invasive techniques which could
increase the use of ductoscopy alone or in combination with
other techniques for the diagnosis of suspicious nipple dis-
charge.

Discussion

Present Place of Ductoscopy
In recent years, breast ductoscopy has been increasingly used
worldwide as a new imaging technique for the evaluation of
the breast duct and any potential intraductal lesions. The
method is currently in continuing clinical evaluation compar-
ing it to standard techniques as well as under ongoing techni-
cal development. First data show comparable results [6, 10,
32] but many questions remain and are waiting to be ad-
dressed [33]. Its final clinical value as well as its place in a
comprehensive oncological concept or guidelines have yet to
be determined. Based on published data, it should not yet be
used to substitute the standard of care but as an additional
and in parts even experimental innovative tool for breast diag-
nosis. But there is no doubt that ductoscopy with its related
new technical innovations means a remarkably reduced diag-
nostic and operative invasiveness for patients compared to
standard open breast biopsy or ductectomy.
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Interventional Ductoscopy as an Example for ‘Advanced’
Ductoscopy
The concept of interventional ductoscopy as ‘advanced’ duc-
toscopy with the previously described micro-instruments and
new imaging technology is currently under clinical evaluation.
In its continuing technical development, clinical application,
and evaluation in larger case series, it will have to confirm the
initial promising results.

Ductoscopy under Evidence-Based Medicine and
Randomized Controlled Trial Aspects
Unsurprisingly and due to the fact that ductoscopy is an evolv-
ing new method, it has not yet been evaluated for the
Cochrane Library. Although there is a continuing trend
worldwide that every single application of any medical diag-
nostic and therapeutic method has to be evidence-based
proven preferably in randomized controlled trials before its
initial use, for ductoscopy there are currently no such option
and data available. On the contrary, this demand would lead
to a prolonged evaluation process and delay clinical applica-
tion in hospitals who would be left alone with the costs of the
technical development of a novel minimally invasive tech-
nique. Since in our experience as well as documented in the
published literature, very limited to no adverse side effects or
complications have been seen so far with the application of
ductoscopy, colleagues can be encouraged to use this tech-
nique at present as an additional diagnostic method after ap-
propriate informed consent and parallel to a standard care
treatment protocol. Breast ductoscopy is a promising new
method [34] but based on today’s experience it is too early to
determine its final value and significance or even to declare it
prematurely as standard of care.

Reimbursement for Ductoscopy
At present, reimbursement is not possible in Germany be-
cause ductoscopy has not yet been coded, and private pay-

ment by patients for non-standard diagnostic procedures is
not established. At the German Institut für das Entgeltsystem
im Krankenhaus (InEK; Institute for Payment in Hospitals),
an additional payment for ductoscopy as a New Diagnostic
Method (NUB) was applied for in 2005 and 2006, which can
apparently not be reflected in a retrospectively calculated re-
imbursement system such as the German DRG system. Disap-
pointingly, it was categorized twice as Level 2 and therefore
currently does not qualify for additional payment negotiations
with German compulsory health insurances. However, in the
U.S., private payment for ductoscopy is possible and accepted
and is currently the reimbursement of choice there. But before
upfront rejecting payment for ductoscopy as a non-established
and unproven method [35], health insurances should bear in
mind that diagnostic as well as interventional breast duc-
toscopy can not only be much cheaper than open breast biop-
sy but also means less invasiveness for the patient with all its
advantages for the health care system and the entire society.

Conclusion

Breast ductoscopy is a novel and so far the only visual intra-
ductal approach to directly identify breast duct lesions. Tech-
nical development of a variety of micro-instruments and fur-
ther miniaturization are supporting the current change from
diagnostic to interventional ductoscopy. However, ongoing
clinical evaluation as well as further trials and clinical data
have to continue to confirm the expectations of its developers
and early adopters. The therapeutic intraductal approach
combined with autofluorescence ductoscopy might be able to
eliminate unnecessary biopsies and offer better identification
of any intraductal lesions. New and novel technical innova-
tions are currently under development which could have re-
markable impact on diagnostics and therapeutic options of
breast endoscopy in the not too distant future.
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