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Rezumat

Introducere: Au fost explorate diverse tehnici de măsurare intraoperatorie a
marginilor de rezecţie pentru a preveni marginile pozitive în chirurgia 
conservatoare a sânului. Deşi există mai multe metode, niciuna nu este 
perfectă, iar majoritatea sunt costisitoare şi dificil de accesat.
Materiale şi Metode: Acest studiu prospectiv a fost realizat în Clinica  de
Chirurgie a Spitalului Clinic Judeţean Mureş, utilizând date de la paciente cu
cancer mamar care au suferit tratament conservator între 2014 şi 2019.
Marginile de rezecţie au fost măsurate prin ecografie şi mamografie, iar 
aceste valori au fost comparate cu rapoartele histopatologice.
Rezultate: Au fost înscrişi 166 de pacienţi, dintre care 10 pacienţi (6,02%) au
avut margini de rezecţie pozitive. Pentru ecografie, la o limită de 
2 mm, sensibilitatea a fost de 63,86%, iar specificitatea a fost de 93,98%; la o
limită de 5 mm, sensibilitatea a crescut la 95,78%, cu aceeaşi specificitate de
93,98%. Pentru mamografie, la o limită de 2 mm, sensibilitatea a fost de
6,627%, iar specificitatea de 93,98%; la o limită de 5 mm, sensibilitatea a fost
de 37,35%, specificitatea rămânând la 93,98%.
Concluzii:  Ecografia la o limită de 5 mm a demonstrat o sensibilitate mai mare
comparativ cu o limită de 2 mm, în timp ce mamografia a demonstrat o 
sensibilitate scăzută la ambele limite. Aceste rezultate indică faptul că, deşi
ambele metode au o specificitate ridicată, acurateţea şi sensibilitatea lor 
variază, necesitând o interpretare prudentă pentru utilizarea clinică.

Cuvinte cheie: cancer de sân, chirurgie conservatoare a sânului, ecografie
intraoperatorie, mamografie
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Simple Summary
This research investigates methods to improve the accuracy of intraoperative measurements of resection margins
during breast-conserving surgery, aiming to reduce the likelihood of leaving behind cancerous tissue. Conducted at
Mures County Clinical Hospital between 2014 and 2019, the study compares the effectiveness of ultrasound and
mammography in measuring these margins against histopathological reports. The findings show that while ultra-
sound and mammography have varying levels of sensitivity and specificity depending on the margin cut-off used,
neither method is perfect. Understanding the strengths and limitations of these techniques can help surgeons make
more informed decisions during surgery, potentially improving patient outcomes in breast cancer treatment.

Abstract
Introduction: Various techniques for intraoperative measurement of resection margins have been explored to
prevent positive margins in breast-conserving surgery. Although multiple methods exist, none is perfect, and
most are costly and not easily accessible.
Material and Methods: This prospective study was conducted at the Surgical Clinic of Mures County Clinical
Hospital, utilizing data from breast cancer patients who underwent conservative treatment between 2014 and
2019. Resection margins were measured using ultrasound and mammography, and these values were compared
with histopathological reports.
Results: A total of 166 patients were enrolled, with 10 patients (6.02%) having positive resection margins. For
ultrasound, at a 2 mm cut-off, sensitivity was 63.86% and specificity was 93.98%; at a 5 mm cut-off, sensitivity
increased to 95.78% with the same specificity of 93.98%. For mammography, at a 2 mm cut-off, sensitivity was
6.627% and specificity was 93.98%; at a 5 mm cut-off, sensitivity was 37.35% with the specificity remaining at
93.98%.
Conclusions: Ultrasound at a 5 mm cut-off showed higher sensitivity compared to a 2 mm cut-off, while 
mammography showed low sensitivity at both cut-offs. These results indicate that, while both methods have
high specificity, their accuracy and sensitivity vary, necessitating cautious interpretation for clinical use.

Keywords: breast cancer, breast conserving surgery, intraoperative ultrasound, mammography

Introduction 

Breast cancer remains the most frequent 
malignancy among women and is also one of the
main causes of mortality in both Europe and the
United States (1). 

Initially, surgical management of early breast
cancer was not breast-preserving. In 1894 William
Halsted revolutionized his time with the radical
mastectomy. Half a century later, in 1948 Patey
and Madden refined the procedure, introducing the
modified radical mastectomy (2-4). Medicine
evolved and paradigms shifted, making breast con-
servation therapy the desired technique after the
1991 National Institute of Health Consensus on
breast cancer, determined by the Veronessi and
Fisher studies, a few years earlier (5-7). 

For individuals diagnosed with early-stage
breast cancer, the primary objective is to achieve
tumor-free margins at the definitive histopatholog-
ical evaluation (8,9). Some of the earliest studies
addressing this issue were conducted by the

Gustave Roussy Institute (1988), Stanford
University Medical Center (1972–1992), and the
START trial (1992–2002) (10-12). 

The introduction of mammographic screening
has facilitated the detection of smaller, frequently
impalpable tumors suitable for conservative
approaches instead of mastectomy. that are
amenable to breast-conserving surgical approaches
as opposed to mastectomy (13).

According to two large randomized controlled
trials, ESMO and NCCN guidelines, breast 
conserving therapy consists of lumpectomy and
postoperative radiotherapy represents the gold
standard treatment for early-stage breast cancer
(14,15).

The most important factor in the management
of breast conserving surgery is the status of 
resection margins. Positive resection margins
require re-excision. Currently, the resection 
margins are considered negative from the
histopathological point of view if they respect the
principle “no ink on tumor”  for invasive breast 
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cancer (16). Even if re-excision does not affect the
overall survival, it can increase the perioperative
anxiety, it has poor cosmetic results and delay in
adjuvant chemotherapy and radiotherapy (17).

The incidence of local recurrence in the case 
of positive or close resection margins is well 
documented: 27% and 15% for positive or close
resection margins, respectively, versus 7% for 
negative margins. Reported re-excision rates due
to positive margins vary widely among different
centers, ranging from 4.2% to 60% (18,19).

Having positive margins approximately doubles
the likelihood of developing a local recurrence (20).

Theoretical, a mass is clearly identifiable 
and the distance to various resection margins
measurable, but in reality, the mass is irregular.
This confirms the fact that the macroscopic and
palpatory examination of the operative specimen 
is not enough for the evaluation of the resection
margins (21).

The current intraoperative approach often 
combines diagnostic and therapeutic methods, 
giving rise to the so-called ‘theranostic’ concept,
where ultrasound plays a key role in evaluating
margin status and distinguishing normal tissue
from benign or malignant lesions (22-24). As early
as 1988, Schwartz introduced ultrasound as an
alternative tool for identifying non-palpable breast
tumors (25,26). 

Subsequently, multiple studies have validated
its practicality and safety in both palpable and
non-palpable breast tumor cases (27-31).

Over the years, several techniques of intra-
operative measurement of resection margins have
been tried in order to avoid positive margins. 

Specimen mammography is widely used to
assess margin status intraoperatively. However, its
diagnostic accuracy remains controversial. Some
studies have shown that specimen mammography
was reliable in identifying clear margins and
reduced the rate of reintervention, while others
have indicated it to be not accurate enough.

The performance of these techniques has 
been reviewed in a recent meta-analysis (32,33). At
present, there is no method that combines high
accuracy with minimal disruption of the surgical
workflow.

High-resolution FDG-PET/CT can facilitate
intra-operative margin assessment during BCS. (34).

The ROLL method has demonstrated 
comparable reliability and effectiveness to wire-
guided localization (WGL) for identifying non-
palpable breast lesions. Moreover, ROLL seems to 
outperform WGL by reducing localization time 

and surgical duration, while achieving a greater
proportion of tumor-free margins, even though the
excised specimen weight is generally lower (35).

Innovative intraoperative modalities, including
positron emission tomography, radioguided occult
lesion localization, and near-infrared fluorescence
imaging, are being explored for their potential 
to enhance surgical results and minimize the
necessity of re-excision in breast-conserving 
therapy (10).

Even though numerous intraoperative tech-
niques have been developed to measure margins
during conservative breast surgery, all present 
limitations, being either imperfect, costly, or not
widely accessible.

The aim of the study was to evaluate which one
of the two methods (ultrasound and mammography
of the operating specimen) is more accurate in
assessing the surgical resection margins in breast
conserving surgery for breast cancer.

Material and Method 

This is a prospective study performed in the
Surgical Clinic of Mures County Clinical
Hospital. We used patient data, all female, 
diagnosed with breast cancer, who benefited from
conservative breast treatment between 2014 and
2019. All 166 patients included in the study were
operated on by the same surgeon, the same one
who measured the resection part by ultrasound.
The mammography of the operative specimen 
was performed and interpreted by the same 
radiologist, and the histopathological report was
issued by the same pathologist. We used the data-
base of the clinic to collect general information
about the patients, the surgical notes to collect
the information related to the type of surgery, 
re-mammography report and ultrasound report
for the measurement of the surgical margins and
the histopathological reports for the status of
resection margins.

For initial diagnosis, all patients with a lesion
suspicious of breast carcinoma underwent core 
biopsy with subsequent histological tissue analysis;
therefore, the diagnosis of breast carcinoma of 
all patients enrolled in this study was histopatho-
logically assessed (light microscopy), including a
determination of the intrinsic subtypes viz.
“Luminal A”, “Luminal B”, “HER2”, “Triple 
negative”, by means of additional immuno-
histochemical analyses. All tumors that benefited
from neoadjuvant chemotherapy were marked
(clipped) immediately after biopsy, a standard 
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procedure marking the initial area of first tumor
occurrence pre-therapeutically which allows for
safe tumor area identification and removal in case
of proven pCR. All patients included in the study
were pre-staged according to national guidelines;
the cancer staging of all patients enrolled was M0
according to the TNM Classification of Malignant
Tumors (UICC/AJCC staging system).

For the histopathological report, there is a
series of mandatory required information: date of
the surgical intervention, date of arrival in the
pathology department; patient’s contact and 
identification data, clinical diagnostic, location of
the lesion (specimen laterality right/left, bilateral,
quadrant), type of surgical intervention (tru-cut
biopsy, sectorectomy, mastectomy, axillary 
excision, sentinel lymphnode biopsy, previous
oncological treatment, previous investigations
(mammography, ultrasonography, MRI, previous
histopathological diagnosis, including immuno-
histochemistry).

The specimen route includes: fixation in 
buffer formalin (10%) for at least 24 hours before
submission, sampling and re-mammography if 
necessary, especially for cases which received 
previous oncological treatment, histopathological
processing for hematoxylin and eosin stained slides
(washing, dehydration, clarification, paraffin
imbedding, sectioning, deparaffination, rehydra-
tion, staining, mounting, and labeling).

For the local excision of a palpable tumoral
mass, the specimen processing includes the 
following procedures: orientation of the specimen
(localization wires), size of the specimen (three
dimensions in millimeters), measure and describe

the attached skin if present, re-mammography is
performed if necessary. After that, the specimen is
dried and inked and the excess ink is removed. We
slice the entire specimen into about 1 cm thick
slices and describe the cut section appearance
(presence of fibrosis, cystic structures: size, 
number, content, calcifications, tumoral lesions:
number, if multiple -distance between lesions, size
-three dimensions in millimeters, color, border, 
consistency, presence of necrosis, distance from
each resection margin -anterior, posterior, inferior,
superior, medial, lateral.

In our study, 10 patients out of 166 had at least
one positive resection margins according to the
final histopathological report.

After the excision of surgical specimen, the 
surgeon measured the surgical margins by ultra-
sound. In the case of patients who had a complete
imaging response, the measurement of the 
margins was made from the marker clip. 

Ultrasound measurement of resection margins
is illustrated in Fig. 1.

The next step was intraoperative ultrasound
assessment of the specimen, using ultrasound
machine with the frequency linear transducer set
at 12 MHz. The procedure was performed into the
operating room directly on the specimen after
resection, without prior immersion of the surgical
piece in saline solution.

If one or more margins were very close (less
than 2 mm), he performed a re-excision of the 
margin in order to obtain the adequate oncological
margins and avoid re-excision. At the end of the
surgery, every surgical specimen was mamo-
graphed in order to measure the resection margins. 

Figure 1. Ultrasound measurement of resection margins 
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Specimen ultrasonography (USG) was carried
out after the surgical piece was oriented by team
members experienced in breast ultrasound.
Orientation was achieved by the surgeon using
sutures, following the standard convention of ‘12
o’clock,’ ‘9 o’clock,’ and ‘short/long wire.’ The 
tumor-to-margin distances were then measured
sonographically and documented for superior, 
inferior, lateral, medial, anterior (often including
skin), and posterior (frequently involving the fascia
of the pectoralis major muscle). For every case, it
was noted whether margins were tumor-free, if
additional excision was performed, whether these
corresponded to the closest histological margins,
and if reoperation became necessary. 

The ultrasonographic measurements were sub-
sequently compared with the final pathology report
provided by the pathologist. Therefore, each resec-
tion margin was measured by ultrasound and
mammography and we compared these values
with the histopathological reports. 

Statistical data analysis was performed using
GraphPad Prism 9, using Fisher’s exact test, and
ROC curves, and we analyzed the sensibility and
sensitivity of each technique, establishing two 
cut-off values (2-5 mm).

Results 

A total number of 166 patients were included in the
study. The youngest patient included in the study
was 33 years old and the oldest was 89 years 
old with a mean age of 58 years old. All patients

underwent conservative surgery, and all the 
surgical procedures were performed by the same
surgeon. After surgery, the resections margins
were measured by the same surgeon using ultra-
sound. 

Of the 166 patients, 57 patients benefited from
re-excision during the surgery after ultrasound
evaluation of the resection margins representing
34.33%. Also, 33 patients underwent 2 or more 
re-excised margins.

We calculated the average distances of surgical
resection margins measured by ultrasound and
mammography and we obtained the following
results which are summarized on Fig. 2.  The 
average of the anterior resection margins was 6.22
mm measured by ultrasound and 14.81 mm by
mammography. Posteriorly, it was 3.94 mm 
measured by ultrasound and 13.91 mm mammo-
graphically. On the medial edge, it was 7.26 mm on
ultrasound and 16.49 mm on mammography. The
average of the lateral resection margins measured
by ultrasound was 7.44 mm and 18.77 mm 
measured mammographically. The average of the
superior resection margins measured by 
ultrasound was 6.31 mm and 15.19 mm measured
mammographically. The average of the inferior
resection margins measured by ultrasound was
5.48 mm and 15.84 mm mammographically.

After excision of the surgical specimen and its
ultrasound measurement, the surgical specimen
was marked with positioning wires and metal
clips, re-mammographed and later sent for histo-
pathological examination.

The mammographic measurement of the resec-
tion margins was made by the same radiologist.

After the histopathological examination, 10

Figure 2. Average resection margins
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patients from the total of 166 patients included in
our study were identified with positive resection
margins representing a percentage of 6.02%. In 
one of the 10 patients, the histopathologically 
identified positive resection margin was the 
anterior one representing the skin, which is why
she did not benefit from surgical re-intervention.
The fascia of the pectoralis major muscle was
excised in all patients included in our study, 
however, in 2 patients the positive resection 
margin was the posterior one representing the 
pectoral major muscle. The medial resection 
margin was positive in 1 case, and the lateral
resection margin was involved in 1 patient. In 2
patients, the superior resection margin was 
positive. In 3 patients, the positive resection 
margin was the inferior one.

In one of the 10 patients with histopathologically
positive resection margins, the involved resection
margin was re-excised intraoperatively because it
measured 1 mm on ultrasound. The re-excised
resection margin was negative, which is why the 2nd

operation was not necessary for this patient. 
We chose a cut-off of 2 mm, respectively 5 mm

and analyzed the data using ROC curves. 
In terms of ultrasound, at a cut-off of 2 mm, we

obtained a sensitivity of 63.86% and a specificity of
93.98%, while for a cut-off of 5 mm, the sensitivity
is 95.78 %, and 93.98% specificity (Fig. 3 A,B).

In terms of mammography for the same cut-off
of 2mm we obtained a sensitivity of 6.627% and
specificity of 93.98%. For the cut-off of 5mm the
sensitivity was 37.35% and 93.98% specificity 
(Fig. 4 A,B). 

Using the actual values from Table 1 and 
the statistic formula of accuracy from Fig. 5, we
estimated the accuracy for each measurement from
our study, and we obtained the results shown in
Table 2.

Discussions 

There is no unanimously accepted theory for 
positive resection margins in breast conserving 

Figure 4. (A) ROC curve: mamo < 2
mm;  (B) ROC curve: mamo
< 5 mm;

AA

Figure 3. (A) ROC curve: eco < 2 mm;
(B) ROC curve: eco < 5 mm;

BB

BB

AA
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surgery for invasive breast cancer, but currently the
“no ink on tumor” principle is accepted (36). It is
known that positive resection margins are associated
with an increased risk of local recurrence, which is
why the reduction of positive resection margins in
breast conserving surgery for breast cancer is a
major concern (37).

According to the guidelines, all patients 
underwent postoperative radiotherapy after
breast conservative surgery, and for patients with
positive margins, re-intervention was performed
in order to re-excise the involved margin. 

Nowadays, considering the fact that all patients
follow postoperative radiotherapy, in some cases of
positive margins the surgical re-excision can be
omitted.

According to a study published in 2014 which
represents a meta-analysis of 33 studies, the 
percentage of positive resection margins after 
conservative breast surgery is between 20-40% (37)
. In our study, the percentage of positive resection
margins is 6.02%. We consider that the lower 
percentage of positive resection margins in our
study is due to the use of intraoperative ultrasound
for each patient.

In a meta-analysis published in 2022, the
authors indicated that the mammography specimen
was an accurate intraoperative imaging technique
for margin assessment in BCS (38) which correlates
with the results obtained in our study. 

A 2010 study aimed to measure intraoperative
ultrasound margins and to evaluate their correla-
tion with tumor size, multifocality, palpability, 
histological type, and intraductal component. The
authors concluded that intraoperative ultrasound
can contribute to maintaining a low reoperation
rate following breast-conserving surgery. Margins
smaller than 0.5 cm detected by ultrasound should
be re-excised during the initial procedure.
However, its accuracy in predicting the closest
pathological margins was reduced in patients with
multifocal disease (39). These findings are consis-
tent with the observations made in our own study

Romanucci et al. investigated the accuracy of
digital breast tomosynthesis compared to full-field
digital mammography for evaluating tumor-free
resection margins in the intraoperative specimen
during breast-conserving surgery and they found
that digital breast tomosynthesis is more accurate
in the assessment of margin status than digital
mammography; it could be a more accurate 
technique than full-field digital mammography for
the intraoperative delineating of tumor resection
margins (40).

Several factors may influence the diagnostic
precision of specimen mammography. Goldfeder
reported that agreement between radiographic and
histopathological findings was greater when a 
single-view image was used compared with two-
view imaging. Specimen mammography proved
more accurate in assessing margins of lesions with
microcalcifications than in other breast tumor
types. In certain subtypes, such as medullary 
carcinoma, positive margin signs on radiography
may not indicate true tumor presence but rather a
non-neoplastic lymphocytic infiltrate.

Additional significant drawbacks of intra-
operative specimen mammography include: (1) its
two-dimensional nature, which limits the repre-
sentation of a three-dimensional specimen, and (2)
its reduced soft-tissue contrast, which makes mar-
gin evaluation increasingly difficult in dense
breasts (41). Another possible explanation for the
discrepancy between US and histo-pathologic
results can be the “pancake phenomenon” that may
contribute to the inaccuracy of margin assessment.
Breast specimen presents a substantial change in
shape and size at imaging and histo-pathological
analysis: in fact the specimen compression during
sonography (or radiography) cause a flattening of
the specimen that may have significant implica-
tions for margin assessment, resulting in false
margin positivity and in un-necessary surgery 
(re-excisions for margins incorrectly classified as
positive at imaging). In Dooley’s series,29 the false-

Table 1. Actual values

Eco<2 mm Eco<5 mm Mamo<2 mm Mamo<5 mm
TP 6 9 4 6

FN 100 150 8 56

TN 56 6 149 100

FP 4 1 6 4

TOTAL 166 166 166 166

TP=true positive; FN=false negative; TN=true negative; FP=false positive
Figure 5.

Table 2.

Eco>2 mm Eco>5 mm Mamo>2 mm Mamo>5 mm

Accuracy 63% 91% 8% 37%
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positive lumpectomy margins related to specimen
handling accounted for 63% of un-necessary re-
excision lumpectomies (42).

In order to minimize the risk of having positive
resection margins, we try to obtain a minimum 
of 5 mm ultrasound measured for each resection
margin whenever possible. But, in certain situa-
tions, when the tumor is very close to the areola, or
in the case of the posterior resection margin (fascia
of the pectoralis major muscle) or the anterior
resection margin (skin), the resection margin is
smaller (2 mm from the tumor to the margin of
operating piece).

Conclusions 

1. In terms of ultrasound, at a cut-off of 2 mm, we
obtained a sensitivity of 63.86% and a specificity
of 93.98%, while for a cut-off of 5 mm, the 
sensitivity is higher (95.78 %) and the specificity
is the same. Concerning the cut-off that we
should consider in ultrasonography, our study
proves the 2 mm cut-off is more appropriate 
considering that we are discussing a surgical
technique that attempts to preserve the breast.

2. In terms of mammography for the cut-off of 2
mm we obtained a sensitivity of 6.627% and
specificity of 93.98%. For the cut-off of 5 mm
the sensitivity was much higher (37.35%) and
the same specificity.

3. According to our study, the accuracy of ultra-
sound, at a cut-off of 2 mm for negative resection
margin, is of 63%, while for a cut-off of 5 mm for
negative resection margin, the accuracy is 91%.
For the mammography, the accuracy was 8% at
a cut-off of 2 mm for negative resection margin
and 37% at a cut-off of 5 mm.
In conclusion, both mammography of the 

surgical specimen and ultrasound of the surgical
specimen are useful tools in assessing resection
margins and should be used whenever available,
especially in the absence of other more expensive
techniques.

We also confirm that the authors of this article
have no conflicts of interest.

We also confirm that the authors of this article
have not received any funds for this study.
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