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Abstract: Accurate specimen marking is crucial during breast cancer surgery to avoid misorientation, which can
cause inadequate re-excision and tumor recurrence. We studied marking methods at various breast cancer centers
to create a tool that prevents specimen misorientation. An online questionnaire surveyed marking procedures at
major breast cancer centers in Hungary, and a tool was developed using a troubleshooting method. Twelve out of
twenty units responded (60%). Nine use an institutionally standardized marking system. Only half of the surgical
teams had clear specimen mammography images. Pathologists were unsure of specimen orientation in 5-10% of
cases in over 75% of departments. Ambiguous marking methods caused orientation errors in half the cases, while
unclear marking directions caused the rest. Most pathologists (85%) and surgeons (75%) believed that coronal
plane specimen mammography would help solve the problem. A plastic specimen plate was developed to anchor
breast tissue to a coronal breast scheme seen in mammographic images, providing clear localization information
throughout the surgery process. There is a lack of standardization in breast specimen orientation and marking in
Hungary. An optimized orientation toolkit is being developed to ensure consistent interpretation of specimen

mammograms by surgeons and pathologists.

Keywords: breast cancer; resection margins; specimen orientation

0. Introduction

The aim of breast-conserving surgery is complete tumor removal with satisfying cosmetic results
and adequate oncologic radicality, characterized by safe surgical margins [1] Clear communication
among surgeons, pathologists, and radiologists is crucial, along with the proper marking of resection
margins [2,3]. Ambiguous specimen orientation is a quality control issue, hindering correct re-excision,
potentially reducing oncologic accuracy, and increasing local recurrence [4]. Surgical guidelines
emphasize the importance of a specimen marking protocol for clear orientation, requiring accurate
information about the primary surgery’s anatomical extent and tumor location within the specimen. A
national survey prompted the development of a new tool for accurate reconstruction of the in vivo
situation

1. Materials and Methods

A review was conducted to assess the techniques used for breast specimen orientation from the
operating field to microscopic sectioning in Hungarian breast cancer treatment departments. The
review also evaluated the satisfaction of radiologists, pathologists, and surgeons with these techniques
based on the questionnaire provided below.

Online questionnaire for surgeons, radiologists, and pathologists about their breast cancer speci-
men orientation protocols in Hungary:

1. What type of marking is used at your institution to orient specimens for breast-conserving
surgery? Multiple answers are possible.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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® Possible answers: Suture markings / Clip markings / Orientation scheme or drawing / Other
method

2. Please briefly describe the type of marking used at your institution. (For example, in the case of
suture marking: double, short suture= superior; single, long suture= lateral)

3. In the case of non-palpable breast tumors, is the orientation of the specimen always unambiguous
to you based on the intraoperative specimen mammogram image?

e Possible answers: Yes / No

4. If not, what is the approximate discrepancy?

e Possible answers: 10% / 10-30% /> 50%

5. In which directions or planes is the intraoperative specimen mammography taken?

e Possible answers: Bi-directional imaging is taken (cranio-caudal and medio-lateral) / Antero —
posterior direction (coronal or frontal plane) is also taken

6. If only bi-directional (cranio-caudal and latero-medial images are taken), would you find an
image in antero-posterior direction (coronal or frontal plane) useful to accurately determine the
direction of re-excision if needed?

e Possible answers: Yes / No

7. In the case of non-palpable tumors, if preoperative localization is required, what is more impor-
tant in determining the direction of a possible re-excision?

® Possible answers: Mammographic image for the surgeon / Consultation with the radiologist

8. If re-excision is required due to inadequate or compromised surgical margins, would you consider
an intraoperative image of the excision cavity and specimen to be helpful in the orientation of
the re-resection?

e Possible answers: Yes / No

9. Is the orientation protocol uniform at your institution? If not, would you consider a uniform
orientation method useful?

e Possible answers: Yes / No

10. Would you find it useful to have a nationally uniform marking and orientation method?

e Possible answers: Yes / No

Surgeons, radiologists, and pathologists from the top 20 breast cancer centers in Hungary (popu-
lation: 9.7 million, with an estimated breast cancer incidence of 8233 in 2019 [5]) were surveyed via an
online questionnaire about their departments’ breast cancer specimen orientation protocols. (Regional
Science and Research Ethics Committee permission: 76-1-19/2021) Twelve out of twenty departments
responded as shown below. All centers agreed to have their reported practices evaluated anonymously.
Responses are presented by center.

List of the major breast cancer centers that participated in the survey. From each center, a breast
surgeon, a mammologist-radiologist, and a pathologist, responsible for breast cancer diagnosis also
completed the questionnaire, representing their departmental practices:

1. Department of Surgery, Petz Aladar University Teaching Hospital, Gy6r, Hungary

2. Department of Breast and Sarcoma Surgery, National Institute of Oncology, Budapest, Hungary

3. Department of Surgery, Transplantation and Gastroenterology, Semmelweis University, Faculty
of Medicine, Budapest, Hungary

4. Department of Surgery, University of Pécs, Budapest, Hungary

5. Department of Surgery, Uzsoki Street Hospital, Budapest, Hungary
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(o))

. Department of Surgery, Hungarian Defense Forces Medical Centre, Budapest, Hungary
7. Department of Plastic Surgery, South Buda Central Hospital Szent Imre University Teaching
Hospital, Budapest, Hungary
8. Department of Surgery, University of Szeged, Szeged, Hungary
9. Department of Surgery, University of Debrecen, Debrecen, Hungary
10. Department of Obstetrics and Gynecology, Central Hospital of Southern Pest National Institute
of Hematology and Infectious Diseases, Szent Istvan Hospital, Budapest, Hungary
11. Department of Surgery, Bajcsy-Zsilinszky Hospital and Clinic, Budapest, Hungary
12. Surgical Center, Ferenc Csolnoky County Hospital Veszprém, Hungary

2. Results

Marking with orientation sutures indicating the four anatomical directions (caudal-cranial, lat-
eral, medial; length of strand signaling each of the courses) was the standard procedure used in all
responding surgical departments (Figure 1). Three-quarters of the responding centers (9/12) use a
uniform system for orienting and marking breast tissue. In a quarter of the departments, an orienting
schematic drawing accompanies the specimen from the OP to the path lab.

Proportion of breast tissue specimen marking
methods

suture marking |
clip marking |
schematic drawing || NI

Specimen plate

0 2 4 6 8 10 12 14

Number of responding departments

Figure 1. The proportion of breast tissue specimen marking methods.

Specimen mammography images were unambiguous for only half of the responding surgeons,
while obvious for all radiologists. None of the reporting centers take coronal plane specimen mam-
mography images according to the radiologists’ response. More than 75% of responding pathological
departments (9/12 respondents to this question) experience difficulty or ambiguity in the orientation of
breast tissue specimens in around 5-10% of the cases. From the pathologists’ point of view, in half of the
cases, the reason for orientation errors is that the way of marking the excisions is ambiguous. Suture
length is a common source of misunderstanding. In the remaining ambiguous cases, the directions
of the markings are not clear. Many reported failures due to loss of suture during the specimen
mammography and transport to pathology. Ten of the twelve responding pathology departments and
75% of the responding surgical teams believe that coronal plane specimen mammography would be
useful, especially in cases of non-palpable tumor resections. In two reporting centers, pathologists do
not have access to specimen mammography images.

Two-thirds of the surgeons believe that an intraoperative photograph of the excision cavity and
specimen would be helpful for orienting the re-resection. The most common sources of inadequate
markings or even errors in existing (homemade) orientation techniques, such as suture or clip markings,
were reported in the notes section of the questionnaire. Three-way suture or clip markers become
dislodged due to the irregular shape and consistency of the resected breast tissue. This may result in
displacement or even loss of the marker. The orientation of the mammographic image is often unclear
to the surgeon, leading to incorrect site identification. As a result of the survey, the basic requirements
for an unbiased presentation platform were identified. It must securely fix the specimen and reproduce
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the original, inpatient position of the removed tissue mass with a high degree of reproducibility. The
platform must be radio-translucent, as specimen mammography is an integral part of the protocol.
Ideally, it is sterile so that intraoperative maneuvers are trouble-free and the work of the scrub nurse is
eased.

In order to meet the above detailed requirements, a 3D printed (Appendix A) plastic specimen
plate was built (Figures 2,3,4,5), which allows the oriented anchoring of the breast tissue specimen
representing the original in vivo situation. This way the removed specimen is completely consistent
with the original layout in the patient. The plate is made to mimic the female breast and axillary
scheme so that the location and direction of the specimen can be unambiguously determined.

Figure 2. Oriented excised breast tissue specimen in anatomically correct position on the specimen
plate. Ambiguity of the pathological color marking of the surfaces demonstrated.

Figure 3. Mammographic image of the specimen plate. Anatomy and location are clear without a
disturbing X-ray positive shadow.
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Figure 4. Correctly oriented excised breast tissue specimen on the specimen plate (radio-guided occult
lesion localization surgery).

Figure 5. The mammographic image of the oriented breast tissue specimen with wire guide tumor lo-
calization on the specimen plate. The additional information of the plate is the high fidelity localization
of the specimen within the breast. The traditional suture marking (long = lateral; short = superior) is
also used with a thick yarn that creates an x-ray shadow.

This scheme can be clearly seen in mammographic images, but the plate does not have a disturbing
X-ray positive shadow (Figures 3, 5). This plate provides mammographic images of breast specimens in
the coronal plane, which is easier to understand and more dependable for surgeons and pathologists.

3. Discussion

After breast-conserving surgery, re-excision is required in approximately 25% of patients with
invasive breast carcinoma and around 30% of patients with DCIS. About half of these re-operations
are performed in patients with negative surgical margins [6-8]. A negative surgical margin is defined
as no tumor on ink, where the ink is used to mark a side of the histological specimen (Figure 6).
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Figure 6. Due to the irregular surface of both the excised specimen (marked with blue ink) and the
tumor (marked with a red line), the distance between them varies along the examined margins. Correct
measurement of margin width is varying and ambiguous (photomicrograph courtesy of Tamas Szabd,
MD).

Pathologically negative surgical resection margins depend on several factors, including the
number of sections examined, and the direction and technique of pathological sectioning. The type of
breast cancer, its stromal invasion, for instance the lack of E-cadherin, or its intraductal spread can
significantly affect the assessment of resection margins due to the irregularities of the tumor edge [9].
Other important factors include type of transport and storage until pathological processing, orientation
techniques, and mammography with specimen compression. In a compressed breast tissue specimen,
the specimen dimension is reduced in the compression direction to approximately half the normal
width and doubled in the perpendicular direction. It is estimated that a complete examination of the
edge surfaces of an average spherical lumpectomy specimen would require 3000 sections [10].

The complexity of the procedure explains why nearly half of all re-excisions result in negative
surgical margins in the final report. Current practice is that, despite the consensus recommendations, a
surgical margin of around or less than 1 mm indicates a re-excision for certain RO status. The expectation
is that a larger negative margin will improve disease outcome [11,12]. Naturally, local recurrence and
prognosis are not only related to surgical margins, but also to the size of the primary tumor, grade,
lymph node metastases, stage, proliferative activity, and estrogen receptor expression [13].

According to the current guidelines, a breast tissue specimen marking protocol is required for
clear orientation of the excised specimen during breast cancer surgery [14]. In case of inadequate or
positive surgical margins, re-excision in the direction of the affected margin is required. This results in
better cosmetic outcomes due to significantly less intact tissue removal compared to complete wound
cavity excision [15]. It allows larger volume removal in the required direction [16]. This requires
accurate information about the anatomical extent and dimensions of the primary surgery and the
location of the tumor within the specimen [17] Therefore, specimen orientation procedures are of
exceptional importance.

The survey revealed a general dissatisfaction with the status quo in the OP-radiology-pathology
chain. There are identifiable general patterns. There is a common pattern that paves the road for the
solution. The keywords are recognizable topographical points in accordance with the actual anatomy
of the individual patient and non-radio opacity of the platform. Multi-directional intraoperative
mammography, supplemented by an antero-posterior image, in the coronal plane, is the optimal basis
for pathological and surgical orientation. The task is to unambiguously present the excised tissue mass
to the pathologist.

Since the excisions normally need to be done from the chest wall to the pectoral muscle, including
the fascia, and up to the subcutaneous tissue, it’s important to mark and locate the tumor in the coronal
plane. Demonstration plates intend to reduce information loss and increase patient/procedural safety
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in the surgeon-pathologist-oncologist chain [2]. However, this type of specimen presentation has not
been available in breast oncology up to now. The presented concept and method (patent pending)
developed in accordance with the clinical needs of the daily practice explored in our survey seems to
be a viable solution to the problem described.

4. Conclusions

A need was identified to improve quality control in an important subset of breast cancer surgery.
The orientation of the specimen mammography image in the coronal plane, supplemented with the
breast scheme of the plate, may provide a better understanding for pathologists and is an orientation
tool in case of reoperation for the breast surgeon, if needed. The specimen plate developed aims at
higher accuracy and increased synchronization of mammography-surgical-pathological processing.
This plate effectively addresses the limitations of traditional orientation methods, enhancing the overall
accuracy and reliability of breast cancer specimen analysis.
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Appendix A. 3D Printing Details
SPECIMEN PLATE - TECHNICAL SPECIFICATIONS OF PRODUCTION

* Specimen plate dimensions: 209 mm x 199.5 mm x 1.2 mm

® The plate is made using a Creality Ender 5 3D printer

¢ A layer thickness of 0.1 mm was used to create a solid yet braided structure. This allows the
material to be shaped like a textile, but is more flexible.

¢ The material is TPU A95 synthetic resin. This material holds the stitches used to attach the
specimen securely, maintaining the proper tensile strength even if only a small bite of the plate is
taken with the stitch.

¢ Printing parameters:

Print speed: 30mm/sec
Printing temperature: 240°C

Nozzle diameter: 0.6mm
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