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ABSTRACT
Introduction: Ductoscopy is a minimally invasive micro-endoscopic approach for
direct visualization of intraductal lesions of the breast. Challenges of ductoscopy
are low sensitivity for detecting malignancy, the lack of a proper intraductal biopsy
device, and adequate treatment of intraductal lesions. This study will analyze three
new approaches to enhance the effectiveness of interventional ductoscopy in patients
with (premalignant) intraductal lesions: narrow-band imaging (NBI), new intraductal
biopsy tools, and intraductal laser ablation. The main aims of the present study are to
improve diagnostic accuracy and therapeutic efficacy of interventional ductoscopy in
patients with pathological nipple discharge (PND) and to explore the feasibility of the
new approaches in diagnosing and removing intraductal precursor lesions.
Methods and analysis: This prospective, single-center, diagnostic feasibility study will
include two patient groups. Group A: women with PND with no radiological suspicion
for malignancy. Group B: women undergoing mastectomy (preventive or therapeutic).
The primary endpoints for both groups are the technical feasibility of NBI ductoscopy,
intraductal biopsy, and laser ablation, and as secondary endpoint the number of
diagnosed and successfully treated intraductal lesions.
Discussion: Enhanced ductoscopy with NBI, intraductal biopsy, and laser ablation
could prevent unnecessary surgery in patients with PND.
Ethics and dissemination: This study was approved by the Medical Research Ethics
Committee UMC Utrecht in The Netherlands (METC protocol number 21-688/H-D).
The results of this study will be published in peer-reviewed journals and presented at
national and international conferences.
Highlights:
–	Pathological nipple discharge (PND) is a common breast-related complaint in women.
– Ductoscopy, a minimally invasive technique, is used in the treatment of PND.
–	This study will analyze three new approaches to enhance interventional ductoscopy
of the breast: narrow-band imaging, new intraductal biopsy tools, and intraductal
laser ablation in patients with (premalignant) intraductal lesions.
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INTRODUCTION
Pathological nipple discharge (PND) is one of the most
common breast-related complaint [1]. PND is defined as
unilateral, spontaneous, and bloody or serous discharge,
usually arising from a single duct orifice of the nipple. It
is often associated with breast cancer, while the most
common causes of PND, ductal ectasia and intraductal
papillomas, are benign [2, 3]. Mammography and breast
ultrasound are important imaging techniques for the
detection of breast cancer. However, when PND is the
only complaint, they both have limited sensitivity [4].
Magnetic resonance imaging (MRI) has shown to be a
sensitive imaging technique for detecting malignancy,
but specificity is low [5, 6]. Therefore, the value of MRI
is limited in patients with PND, and core needle biopsy
or surgical excision is still necessary when MRI shows
a suspicious lesion [7, 8]. Because PND is regarded
as a possible sign of breast cancer and standard
radiologic imaging often fails to reveal the cause, most
patients suffering from PND still undergo local surgical
procedures (microdochectomy or major duct excision).
This can lead to undesirable side effects such as scar
tissue, perioperative complications, decreased sensitivity
of the nipple, and compromised breastfeeding in the
future [9–13]. Further, persistent or recurrent PND after
local surgery is reported in 3 to 12% of patients [14,
15]. Malignancy is found in only 5% to 8% of these
operated patients [16–18]. This means that around 90%
to 95% of the surgical procedures were performed for
benign causes.
Ductoscopy is a minimally invasive micro-endoscopic
technique, which allows direct visualization of the breast
ducts and the possible intraductal lesions within. It can be
performed under local anesthesia in the daily routine at
the outpatient clinic and has proven to be safe with only a
low risk of < 3% on (mild) and self-limiting complications
[19, 20]. Nowadays, ductoscopy is routinely used in the
diagnostic work-up in patients suffering from PND [20,
21]. In a previous study, ductoscopy avoided surgery in
around 2 out of 3 patients with PND [22]. Ductoscopy is
a developing diagnostic and interventional procedure. It
has an pooled sensitivity of 58% and a pooled specificity
of 92% for the diagnosis of malignancy in patients with
PND with negative conventional imaging [23]. However,
the current tissue extraction tool (in the form of an
expandable basket) is not sufficiently accurate and only
allows extraction of selected larger intraductal polypoid
lesions [19, 24]. Therefore, there is a need for new
techniques to increase the sensitivity for the detection
of premalignant lesions (especially the flat ones) and the
interventional possibilities.
Firstly, to enhance the diagnostic accuracy of
ductoscopy, narrow-band imaging (NBI) can be added
to the procedure. NBI is an imaging technique for
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endoscopic diagnostic medical tests that uses a different
light spectrum to mark suspicious lesions [25]. It can be
electronically activated by a switch in the endoscope,
leading to a peak light absorption of hemoglobin
occurring at these wavelengths. Blood vessels will appear
dark, allowing for improved visibility and identification of
other surface structures. In gastrointestinal endoscopy,
NBI has found use in identifying Barrett’s esophagus
[26]. NBI is also used to identify pit patterns to classify
colorectal polyps and tumors [27] and atypical dysplastic
cells in the colon of patients with ulcerative colitis [28].
However, no studies have yet been conducted in which
NBI is applied during ductoscopy. NBI may be useful
since (pre)malignancy is known to show different
patterns of vascularisation (including neovascularization
and angiogenesis) compared to healthy breast tissue
[29–33].
Secondly, to improve the interventional possibilities
of a ductoscopy procedure, a cooperation between
University Medical Center Utrecht and Biomechanical
Engineering of the Delft University of Technology, The
Netherlands, was started some years ago to develop new
intraductal biopsy tools. These newly developed tools
will be tested during ductoscopy for their suitability to
take biopsies and accurately remove lesions. Also, adding
intraductal laser ablation can be useful to enhance the
interventional capacity of ductoscopy by vaporising
smaller flat lesions or ablating lesion remnants after
intraductal excision. Laser ablation techniques are widely
used in medicine (neurosurgery, ophthalmology, head
and neck surgery, and surgical urology) and have proven
to be safe and able to evaporate (pre)malignant lesions
[34, 35]. One ex vivo feasibility study of endoscopic
intraductal laser ablation of the breast concluded that
laser ductoscopy is technically feasible and useful for
intraductal interventions [36].
This study will analyze three new approaches to
enhance interventional ductoscopy of the breast: NBI,
new intraductal biopsy tools, and intraductal laser
ablation in patients with (premalignant) intraductal
lesions. The main aims of the present study are: 1) To
improve diagnostic accuracy and therapeutic efficacy
of interventional ductoscopy in patients with PND, and
2) to explore the feasibility of NBI, biopsy tools and laser
ablation in diagnosing and treating intraductal breast
cancer precursor lesions. We hypothesize that NBI will
improve the diagnostic accuracy of ductoscopy as it is
effective in multiple other endoscopic procedures. Also,
we propose that the newly developed biopsy tools will
enhance the biopsy technique, which can lead to more
specific histological diagnosis and thus improvement
of specificity of the ductoscopy procedure. Finally, laser
ablation may improve the removal of (premalignant)
intraductal lesions (or their remnants after biopsy) more
precisely to enhance therapeutic efficacy.
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METHODS AND ANALYSIS
STUDY DESIGN

This study is a phase II prospective, single-center,
diagnostic feasibility trial performed in the University
Medical Center in Utrecht in The Netherlands. The
duration of the study will be 6–8 months of inclusion of
patients. This trial starts in September 2022.
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• Pregnancy
• History of breast surgery at the affected breast
wherefore ductoscopy is technically impossible
• History of radiotherapy of the breast or thorax
• Nipple retraction
• Not being able to provide written informed consent

SAMPLE SIZE
STUDY POPULATION
Study subjects are selected from a clinical population from
the University Medical Center Utrecht on a consecutive
basis for both cohorts. This study will consist of two groups:
Group A: patients with PND with no radiological suspicion
for malignancy referred to the UMC Utrecht for ductoscopy,
and Group B: patients undergoing mastectomy.

PARTICIPANTS SELECTION
Inclusion criteria
Group A: All adult women (≥18 years old) with unilateral
PND and no radiological suspicion for malignancy referred
to the UMC Utrecht for ductoscopy will be included.
Group B: All adult women (≥18 years old) undergoing
mastectomy (preventive or therapeutic) will be included.

Exclusion criteria
A potential subject who meets any of the following
criteria will be excluded from participation in this study
for both groups:

No sample size calculation is performed, since this is a
feasibility study. There is no comparison of outcomes. In
group A, the new implementations (NBI + biopsy + laser
ablation) will be performed in a maximum of 20 patients
in which cannulation is possible. In group B, the new
implementations will be performed in 5 patients in which
cannulation is possible.

INTERVENTION
PND will be defined as spontaneous, single-duct nipple
discharge during a non-lactating period, persisting for
more than three months. Before ductoscopy, a standard
diagnostic evaluation will be performed in all patients,
including a complete history and physical examination and
imaging (mammography, ultrasonography, and/or MRI and/
or core needle biopsy) if indicated, to rule out malignancy.
Patients in both groups will undergo white-light
ductoscopy followed by NBI ductoscopy, as shown in
the flowchart of the study design (Figure 1). Patients
with intraductal lesion(s) will also undergo an intraductal

Figure 1 Flowchart of the study design with three new approaches added to interventional ductoscopy of the breast: narrow band
imaging, tissue biopsy and laser ablation.
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biopsy with the newly designed ductoscopy tools,
followed by laser ablation if indicated. Patients without
intraductal lesion(s) will not undergo an intraductal
biopsy or laser ablation and will be followed according
to the guideline.
In group A, patients will undergo surgery depending
on the outcome of ductoscopy (intraductal lesion
suspicious for malignancy, persistent PND, and/or patient
preference).
In group B, patients will undergo a therapeutic
mastectomy (when recently diagnosed with breast
cancer or DCIS) or preventive mastectomy (patients
with a largely increased risk of breast cancer because of
hereditary mutations in breast cancer suppression genes
BRCA1 and BRCA2).
Postoperatively, the surgical specimen will be
histologically analyzed. The correlation between the
pathological characteristics of an observed intraductal
lesion in the surgical specimen and its projection in
white-light/NBI/intraductal biopsy will be evaluated.
Postoperative care will be according to local protocols.

OUTCOME MEASURES
Primary objectives
• Determine the feasibility and added value of NBI
ductoscopy in diagnosing (premalignant) intraductal
lesions.
• Determine the feasibility of intraductal biopsy tools
for harvesting tissue of intraductal lesions.
• Determine the in vivo feasibility of intraductal laser
ablation in patients with intraductal lesions.

Secondary objectives
• To compare the number of intraductal lesions
found by NBI and the number found by white-light
ductoscopy and intraductal biopsy (group A and B).
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• Treatment success of interventional ductoscopy
(biopsy and laser ablation) in treating PND (i.e.,
reducing the number of surgical procedures needed)
(group A).
• To analyze the efficacy of intraductal biopsy and
laser ablation in completely removing (premalignant)
intraductal lesion(s) (group B).
• To determine the effect of interventional ductoscopy
on quality of life in patients with PND (group A).

PATIENT ENROLMENT AND FOLLOW-UP
Study subjects will be selected from a clinical
population from the University Medical Center Utrecht
on a consecutive basis for both cohorts. No additional
methods of recruitment of patients for inclusion will be
needed.
In both groups, all study subjects eligible to be
included will be asked by the treating physician if they are
interested in being approached by the study coordinator
for this study. The aims of the study will be explained
to the patient. If subjects confirm to enter the study,
informed consent will be obtained according to Good
Clinical Practice guidelines.
In group A: The procedure will be performed in a daily
routine at the outpatient clinic. The ductoscopy procedure
will take 10 minutes more than usual. Lidocaine 1% will
be used for local anaesthesia of the nipple. We will also
ask patients to fill out questionnaires (Breast-Q, EQ-5D5L, Ductoscopy) to analyze the effect of treatment on
quality of life.
In group B: The ductoscopy procedure will take an
additional 20 minutes and will be performed under
general anesthesia directly before surgery. Postoperative
care will be according to local protocols.
There will be a follow-up after the procedures, as
shown in Figure 2.

Figure 2 An overview of the study procedures of interventional ductoscopy enhanced by narrow band imaging (NBI), intraductal
biopsy and laser ablation in patients with pathological nipple discharge (Group A) or therapeutic/preventive mastectomy (Group B).
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ENDPOINTS
The primary endpoints were to determine the number of
intraductal lesions diagnosed by using NBI ductoscopy
and treated successfully by using laser ablation. Also, to
determine the ability of the new intraductal biopsy tools
by performing a successful intraductal biopsy.
Secondary endpoints include the treatment success
of interventional ductoscopy (biopsy and laser ablation)
in treating PND. Treatment success will be achieved
when symptoms disappear and nipple discharge
does not return at follow-up. Furthermore, in patients
who undergo surgery, to determine the accuracy of
findings of NBI ductoscopy, biopsy and laser ablation
during ductoscopy. Additionally, the quality of life
(QOL) will be examined in patients with PND after
ductoscopy.
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86% and specificity from 76 to 98% in the same patient
population [38–40]. Nevertheless, enhanced ductoscopy
might increase the diagnostic performance (with NBI
and/or intraductal biopsy). The first step is to analyze the
feasibility of these new approaches within this study.
Ductoscopy has already been shown to prevent
unnecessary surgery in patients with PND without
radiological suspicion for malignancy [22, 37, 41].
Papillomas are the most common cause of PND and are
difficult to remove completely with current extraction
tools. Therefore, this study expects that enhanced
ductoscopy might improve the extraction of intraductal
lesions, thereby alleviating symptoms of PND and
preventing even more unnecessary surgery.

ETHICS AND DISSEMINATION

Definition of a successful procedure
Successful NBI is when the ductal tree is visible during
NBI ductoscopy. Successful biopsy is when it is possible
to perform a biopsy with the new tools and when this
tissue is sufficient to establish a correct diagnosis.
Successful laser ablation is when the intraductal
abnormality is no longer visible after the laser treatment.
In patients who undergo surgery, the accuracy of
biopsy will be determined when the biopted tissue is
sufficient to establish a correct diagnosis after the final
histology finding of the surgical specimen. The accuracy
of laser ablation will be determined by analyzing
the surgical specimen for remaining intraductal
lesion.

STATISTICAL ANALYSIS

The Medical Research Ethics Committee UMC Utrecht
in The Netherlands approved this study protocol (METC
protocol number 21-688/H-D). To ensure patients’ safety
and rights, the investigators will ensure that the study will
be conducted according to the ethical principles of the
declaration of Helsinki [42]. Patients will be fully informed of
the purpose and procedures of the study. Written informed
consent will be obtained from each study participant in
agreement with the General Data Protection Regulation.
The results of this study will be published in peer-reviewed
journals, national and international conferences on
corresponding fields of interest. The authorship for written
publications has to be confirmed by all lead investigators.

Descriptive statistics will be used to describe the patient
and treatment characteristics of the study population.
Depending on the distribution, continuous data will
be described with mean and standard deviation (SD)
or median and interquartile range (IQR). Differences
between populations will be tested by appropriate
parametric or non-parametric tests.

FUNDING STATEMENT

DISCUSSION

The authors have no competing interests to declare.

In this study, patients in both groups will undergo whitelight ductoscopy, NBI ductoscopy, intraductal biopsy,
and intraductal laser ablation. We defined enhanced
ductoscopy as regular ductoscopy combined with NBI,
improved biopsy tool, and intraductal laser ablation.
In patients with PND without radiological signs of
malignancy, ductoscopy shows a sensitivity of 58% and
specificity of 92% for the detection of breast cancer [23].
Additionally, ductoscopy detects (pre)cancerous lesions
that were missed during regular imaging [14, 37]. At
the same time, MRI has a sensitivity ranging from 46 to

This research is supported by KWF Kankerbestrijding
and Technology Foundation STW, as part of their joint
strategic research program “Technology for Oncology”.

COMPETING INTERESTS

AUTHOR CONTRIBUTIONS
• SM: study design, writing the protocol, statistical
design, clinical input
• MF: study design, writing the protocol, statistical
design, clinical input
• FE, AS, DJ, PB: design of new tools, technical input
• MV, PD: supervision, study design, clinical input
• AW: supervision, study design, writing the protocol,
clinical input

Makineli et al. International Journal of Surgery: Protocols DOI: 10.29337/ijsp.180

All authors revised the manuscript critically, read and
approved the final manuscript. All authors confirm that
they meet the criteria for authorship.

when conventional diagnostics are negative?” World J.
Surg. 2015; 39(1): 184–186. DOI: https://doi.org/10.1007/
s00268-014-2701-1
7.

https://doi.org/10.1590/0100-3984.2016.0103
8.

M. D. Filipe
orcid.org/0000-0002-9869-7840
Department of Surgical Oncology, University Medical Center,
Utrecht, The Netherlands
F. Euwe
Department of Medical Technology and Clinical Physics,
University Medical Center, Utrecht, The Netherlands
A. Sakes
orcid.org/0000-0002-4323-884X
Department of BioMechanical Engineering, Technical University,
Delft, The Netherlands
J. Dankelman
orcid.org/0000-0003-3951-2129
Department of BioMechanical Engineering, Technical University,
Delft, The Netherlands
P. Breedveld
Department of BioMechanical Engineering, Technical University,
Delft, The Netherlands
M. R. Vriens
Department of Surgical Oncology, University Medical Center,
Utrecht, The Netherlands
P. J. van Diest
orcid.org/0000-0003-0658-2745
Department of Pathology, University Medical Center, Utrecht,
The Netherlands
A. J. Witkamp
Department of Surgical Oncology, University Medical Center,
Utrecht, The Netherlands

de Paula IB, Campos AM. “Breast imaging in patients with
nipple discharge.” Radiol. Bras. 2017; 50(6): 383–388. DOI:

AUTHOR AFFILIATIONS
S. Makineli
orcid.org/0000-0002-1726-3160
Department of Surgical Oncology, University Medical Center,
Utrecht, The Netherlands

78

Lee SJ, et al. “ACR Appropriateness Criteria® Evaluation
of Nipple Discharge.” J. Am. Coll. Radiol. 2017; 14(5): S138–
S153. DOI: https://doi.org/10.1016/j.jacr.2017.01.030

9.

Montroni I, et al. “Nipple discharge: Is its significance
as a risk factor for breast cancer fully understood?
Observational study including 915 consecutive patients
who underwent selective duct excision.” Breast Cancer Res.
Treat. 2010; 123(3): 895–900. DOI: https://doi.org/10.1007/
s10549-010-0815-1

10. Dillon MF, et al. “The role of major duct excision
and microdochectomy in the detection of breast
carcinoma.” BMC Cancer. 2006; 6: 1–8. DOI: https://doi.
org/10.1186/1471-2407-6-164
11. Kocdor MA, et al. “Pathologic nipple discharge in patients
with radiologically invisible mass: Review of 28 consecutive
sub-areolar explorations.” Breast J. 2009; 15(3): 230–235.
DOI: https://doi.org/10.1111/j.1524-4741.2009.00710.x
12. Cabioglu, N, et al. “Surgical decision making and factors
determining a diagnosis of breast carcinoma in women
presenting with nipple discharge.” J. Am. Coll. Surg. 2003;
196(3): 354–364. DOI: https://doi.org/10.1016/S10727515(02)01606-X
13. Gulay H, Bora S, Kilicturgay S, Hamaloglu E, Goksel H.
“Management of nipple discharge.” J Am Coll Surg. 1994;
May; 178(5): 471–474.
14. Gui G, et al. “INTEND II randomized clinical trial of
intraoperative duct endoscopy in pathological nipple

REFERENCES

discharge.” Br. J. Surg. 2018; 105(12): 1583–1590. DOI:
https://doi.org/10.1002/bjs.10990
15. Foulkes RE, Heard G, Boyce T, Skyrme R, Holland PA,

1.

2.

3.

Hussain AN, Policarpio C, Vincent MT. “Evaluating nipple

Gateley CA. “Duct Excision is Still Necessary to Rule out

discharge.” Obstet. Gynecol. Surv. 2006; 61(4): 278–283.

Breast Cancer in Patients Presenting with Spontaneous

DOI: https://doi.org/10.1097/01.ogx.0000210242.44171.f6

Bloodstained Nipple Discharge.” Int. J. Breast Cancer. 2011;

Alcock C, GT L. “Predicting occult malignancy in nipple

2011: 1–6. DOI: https://doi.org/10.4061/2011/495315

discharge.” ANZ J Surg. 2010; sep; 80(9): 646–649. DOI:

16. King T, Carter K, Bolton J, Fuhrman G. “A simple approach

https://doi.org/10.1111/j.1445-2197.2010.05270.x

to nipple discharge.” Am Surg. 2000; Oct; 66(10): 960–5;

Albrecht C, et al. “Nipple discharge: Role of ductoscopy in

discussion 965–6.

comparison with standard diagnostic tests.” Onkologie. 2013;
36(1–2): 12–16. DOI: https://doi.org/10.1159/000346639
4.

to identify suspected breast cancer: A prospective cohort

value of ultrasound in female patients with nipple

study.” BMC Cancer. 2014; 14(1): 1–8. DOI: https://doi.

https://doi.org/10.2214/AJR.14.13354

org/10.1186/1471-2407-14-743
18. Lesetedi C, Rayne S, Kruger D, Benn CA. “Indicators of

Sanders LM, Daigle M. “The rightful role of MRI after

breast cancer in patients undergoing microdochectomy

negative conventional imaging in the management of

for a pathological nipple discharge in a middle-income

bloody nipple discharge.” Breast J. 2016; 22(2): 209–212.

country.” J. Surg. Res. 2017; 220: 336–340. DOI: https://doi.

DOI: https://doi.org/10.1111/tbj.12551
6.

“Development and validation of a clinical prediction rule

Bahl M, Baker JA, Greenup RA, Ghate SV. “Diagnostic
discharge.” Am. J. Roentgenol. 2015; 205: 203–208. DOI:

5.

17. Galvin R, Joyce D, Downey E, Boland F, Fahey T, Hill AK.

Gelder L, Bisschops RHC, Menke-Pluymers MBE,

org/10.1016/j.jss.2017.06.046
19. Waaijer L, et al. “Interventional ductoscopy in patients

Westenend PJ, Plaisier PW. “Magnetic resonance imaging

with pathological nipple discharge.” Br. J. Surg. 2015;

in patients with unilateral bloody nipple discharge; useful

102(13): 1639–1648. DOI: https://doi.org/10.1002/bjs.9950

Makineli et al. International Journal of Surgery: Protocols DOI: 10.29337/ijsp.180

20. Okazaki A, et al. “Fiberoptic ductoscopy of the breast: A
new diagnostic procedure for nipple discharge.” Jpn. J. Clin.
Oncol. 1991; 21(3): 188–193. DOI: https://doi.org/10.1093/
oxfordjournals.jjco.a039459
21. Waaijer L, Simons JM, Borel Rinkes IHM, Van Diest PJ,

carcinoma in situ.” Breast J. 2013; 19(4): 402–410. DOI:
https://doi.org/10.1111/tbj.12135
31. Gadre SA, Perkins GH, Sahin AA, Sneige N, Deavers MT,
Middleton LP. “Neovascularization in mucinous ductal
carcinoma in situ suggests an alternative pathway for

Verkooijen HM, Witkamp AJ. “Systematic review and

invasion.” Histopathology. 2008; 53(5): 545–553. DOI:

meta-analysis of the diagnostic accuracy of ductoscopy

https://doi.org/10.1111/j.1365-2559.2008.03152.x

in patients with pathological nipple discharge.” Br. J. Surg.
2016; 103(6): 632–643. DOI: https://doi.org/10.1002/
bjs.10125
22. Filipe MD, Waaijer L, van der Pol C, van Diest PJ,
Witkamp AJ. “Interventional Ductoscopy as an Alternative
for Major Duct Excision or Microdochectomy in Women
Suffering Pathologic Nipple Discharge: A Single-center
Experience.” Clin. Breast Cancer. 2020 20(3): e334–e343.
DOI: https://doi.org/10.1016/j.clbc.2019.12.008
23. Filipe MD, Patuleia SIS, de Jong VMT, Vriens MR, van
Diest PJ, Witkamp AJ. “Network Meta-analysis for the
Diagnostic Approach to Pathologic Nipple Discharge.” Clin.

79

32. Li L, et al. “Parameters of dynamic contrast-enhanced mri
as imaging markers for angiogenesis and proliferation in
human breast cancer.” Med. Sci. Monit. 2015; 21: 376–382.
DOI: https://doi.org/10.12659/MSM.892534
33. Fox SB, Generali DG, Harris AL. “Breast tumour
angiogenesis.” Breast Cancer Res. 9(6): 1–11, 2007. DOI:
https://doi.org/10.1186/bcr1796
34. Netsch C, Engbert A, Bach T, Gross AJ. “Long-term
outcome following Thulium VapoEnucleation of the
prostate.” World J. Urol. 2014; 32(6): 1551–1558. DOI:
https://doi.org/10.1007/s00345-014-1260-2
35. Fried NM, Murray KE. “New technologies in endourology:

Breast Cancer. 2020 20(6): e723–e748. DOI: https://doi.

High-power thulium fiber laser ablation of urinary tissues

org/10.1016/j.clbc.2020.05.015

at 1.94 μm.” J. Endourol. 2005; 19(1): 25–31. DOI: https://

24. Denewer A, El-Etribi K, Nada N, El-Metwally M. “The
role and limitations of mammary ductoscope in

doi.org/10.1089/end.2005.19.25
36. de Boorder T, Waaijer L, van Diest PJ, Witkamp AJ. “Ex

management of pathologic nipple discharge.” Breast J.

vivo feasibility study of endoscopic intraductal laser

2008; 14(5): 442–449. DOI: https://doi.org/10.1111/j.1524-

ablation of the breast.” Lasers Surg. Med. 2018; 50(2):

4741.2008.00620.x
25. Gono K, et al. “Appearance of enhanced tissue

137–142. DOI: https://doi.org/10.1002/lsm.22745
37. Bender Ö, Balci FL, Yüney E, Akbulut H. “Scarless

features in narrow-band endoscopic imaging.” J.

endoscopic papillomectomy of the breast.” Onkologie. 2009;

Biomed. Opt. 2004; 9(3): 568. DOI: https://doi.

32(3): 94–98. DOI: https://doi.org/10.1159/000195694

org/10.1117/1.1695563
26. Singh R, Mei SLCY, Sethi S. “Advanced endoscopic

38. van Gelder L, Bisschops RH, Menke-Pluymers MB,
Westenend PJ, Plaisier PW. “Magnetic resonance imaging

imaging in Barrett’s oesophagus: A review on current

in patients with unilateral bloody nipple discharge;

practice.” World J. Gastroenterol. 2011; 17(38): 4271–4276.

useful when conventional diagnostics are negative?”

DOI: https://doi.org/10.3748/wjg.v17.i38.4271

World J. Surg. Jan. 2015; 39(1): 184–186. DOI: https://doi.

27. Tanaka S, Sano Y. “Aim to unify the narrow band imaging
(NBI) magnifying classification for colorectal tumors:

org/10.1007/s00268-014-2701-1
39. Zacharioudakis K, et al. “Can we see what is invisible?

Current status in Japan from a summary of the consensus

The role of MRI in the evaluation and management of

symposium in the 79th annual meeting of the Japan

patients with pathological nipple discharge.” Breast Cancer

gastroenterological endoscopy society.” Dig. Endosc. 2011;

Res. Treat. Nov. 2019; 178(1): 115–120. DOI: https://doi.

23(SUPPL. 1): 131–139. DOI: https://doi.org/10.1111/
j.1443-1661.2011.01106.x
28. Efthymiou M, Taylor A, Kamm M. “Cancer surveillance
strategies in ulcerative colitis: the need for modernization.”

org/10.1007/s10549-019-05321-w
40. Bahl M, Gadd MA, Lehman CD. “JOURNAL CLUB:
Diagnostic Utility of MRI After Negative or Inconclusive
Mammography for the Evaluation of Pathologic Nipple

Inflamm Bowel Dis. 2011; Aug; 17(8): 1800–1813. DOI:

Discharge.” AJR. American J. Roentgenol. Dec. 2017;

https://doi.org/10.1002/ibd.21540

209(6): 1404–1410. DOI: https://doi.org/10.2214/AJR.17.

29. Ruiz A, Almenar S, Cerda M, Hidalgo JJ, Puchades A,
Llombart-Bosch A. “Ductal Carcinoma In Situ of the
Breast: A Comparative Analysis of Histology, Nuclear Area,

18139
41. Chang, YK, et al. “Could ductoscopy alleviate the need
of microdochectomy in pathological nipple discharge?”

Ploidy, and Neovascularization Provides Differentation

Breast Cancer. 2020; 27(4): 607–612. DOI: https://doi.

Between Low- and High-Grade Tumors.” Breast J. 2002;

org/10.1007/s12282-020-01051-w

8(3): 139–144. DOI: https://doi.org/10.1046/j.15244741.2002.08303.x
30. Santamaría G, Velasco M, Farrús B, Caparrõs FX,

42. Review C, Communication S, Principles G. “World Medical
Association Declaration of Helsinki: ethical principles for
medical research involving human subjects.” J. Am. Coll.

Fernández PL. “Dynamic contrast-enhanced MRI reveals

Dent. 2014; 81(3): 14–18. DOI: https://doi.org/10.1093/acp

the extent and the microvascular pattern of breast ductal

rof:oso/9780199241323.003.0025

Makineli et al. International Journal of Surgery: Protocols DOI: 10.29337/ijsp.180

80

TO CITE THIS ARTICLE:
Makineli S, Filipe MD, Euwe F, Sakes A, Dankelman J, Breedveld P, Vriens MR, van Diest PJ, Witkamp AJ. 2022. Feasibility of NarrowBand Imaging, Intraductal Biopsy, and Laser Ablation During Mammary Ductoscopy: Protocol for an Interventional Study.
International Journal of Surgery: Protocols, 26(1), pp. 73–80. DOI: https://doi.org/10.29337/ijsp.180
Submitted: 26 July 2022

Accepted: 17 August 2022

Published: 01 September 2022

COPYRIGHT:
© 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited. See http://creativecommons.org/licenses/by/4.0/.
International Journal of Surgery: Protocols is a peer-reviewed open access journal published by IJS Publishing Group.

