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ARTICLE INFO ABSTRACT

Keywords: Background: Utilizing a larger needle-size instead of a smaller one in vacuum-assisted excision of breast lesions

Breast might enhance the effectiveness of the method. We conducted a clinical trial to investigate the effects of needle

xa’g'l“ography size 7G compared to 10G regarding excision completeness and procedural efficiency.
Ulet era;j:; Materials and methods: In this prospective, single-blinded, randomized clinical trial, the patients were enrolled

between November 2019 and August 2022. Follow-up examinations were performed at 6 and 24 months after the
procedure. In total, 208 patients were screened and enrolled, and following withdrawal of consent, the trial
population comprised 194 patients. All patients with ultrasound-visible lesions of <30 mm in size and biopsy
confirmation corresponding to a B2 or B3 lesion were included in the study. Additionally, patients with BI-RADS
3 and 4a microcalcifications measuring <15 mm were also eligible. Eighty-five percent of the patients attended
the 6-month follow-up, and 65 % attended the 24-month follow-up.

Results: There were no significant difference between the two randomization arms in terms of age, and lesion size.
The mean procedure time was 7.7 min and 8.5 min for 7G and 10G needle size, respectively (=0.126). Of the 164
patients who attended the 6-month follow-up, no remaining lesions were found in 90 % and 81.5 % (p = 0.109)
patients for 7G and 10G needle size respectively. Thirty percent (6/20) of the patients with microcalcifications
excised stereotactically, guided by mammography, had a residual lesion compared to 2.5 % (1/42) of the patients
with intraductal lesions excised under ultrasound guidance.

Conclusions: Using a 10G compared to a 7G needle size resulted in no difference in procedure time or excision
completeness. Among the analyzed parameters, only a larger lesion size was consistently associated with a longer
procedure time and a higher risk of incomplete excision.

Vacuum-assisted excision

1. Introduction the Breast Imaging Reporting and Data System (BI-RADS), [8] ranging

from BI-RADS 2 to BI-RADS 4a. VAE can be performed guided by ste-

Vacuum-assisted biopsy (VAB) for breast lesions has gradually
evolved from a diagnostic modality to a therapeutic approach (i.e.,
vacuum-assisted excision [VAE]) for the removal of small lesions that
are deemed benign but have uncertain malignant potential in the his-
topathological analysis of an initial biopsy [1-5]. Following core-biopsy,
lesions categorized as B3 (breast lesions with uncertain malignant po-
tential), according to European Guidelines [6,7], can have heteroge-
neous radiologic features. These features are categorized according to

reotactic mammography [9-12], ultrasonography [11-21] or even
magnetic resonance [22,23] with needle sizes varying from 7G (3.8 mm)
[24] to 11G (2.4 mm) [9].

The literature, reports complete excision in 72 %-99 % of cases
[10,14,17-20,25]. Notably, complete excision has mostly been evalu-
ated through visual and radiological assessments of the absence of tumor
signs in the excision area directly following the procedure. In contrast to
surgical lesion removal, the simple implementation of VAE does not
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allow the direct estimation of completeness by histopathology because
of the fragmentation of the tissue sample.

Lesion size, morphology, and the distance between the lesion and
sensitive structures have previously been identified as predictors of the
efficacy of VAE [26,27]. Van de Voort et al. [28] concluded that VAE
was effective for excising lesions up to 50 mm in size, whereas others
have recommended VAE for exising lesions up to 30 mm in size
[10,16,29]. Needle size essentially plays a key role in excisional per-
formance and diagnosis, with data showing the advantages of bigger
needles [27,30,31]. Only two studies [18,24] utilizing the 7G needle size
have been published with small study populations. Time is another
important parameter, because procedural efficiency is one of the main
advantages of excisional surgical biopsies. Procedure time has been
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reported in a few studies [13,16,18,31] indicating that it may be influ-
enced by the doctor’s experience, method used, needle size, tumor size,
lesion location and morphology, and surrounding tissue.

To the best of our knowledge, this is the first randomized trial to
address the issue of 7G needle size in relation to the effectiveness of VAE.
The main objective of our study is to better understand how needle size
effects complete excision and procedure time by comparing two
different needle sizes (7G and 10G).

CONSORT flow diagram

ENROLLMENT,]
(n=208) Assessed for eligibility
Ineligible (n=3)
Visit 1 Patients under the age of 18
Pregnant or breast-feeding
patients.
Pre-VAE
Informed consent signature f------- Declined (n=11)
Visit 2 |
ALLOCATION Randomization — VAE intervention |
(n=194) | |
7G guided by mammography 10G guided by mammography
or ultrasound (n=97) or ultrasound (n=97)
Visit 3
6-MONTH
FOLLOW-UP Lost to follow-up (moved to Lost to follow-up (moved to
another city, passed away) another city, passed away)
(n=4) (n=8)
Discontinued (n= 10, due to Discontinued (n=8, due to
previous operation) previous operation)
ANALYSIS Analyzed (n=83) Analyzed (n=81)
(n=164)
Visit 4
24-MONTH
FOLLOW-UP Discontinued (n=0, due Discontinued (n=3, due
to operation) to operation)
Lost to follow-up (n= 14) Lost to follow-up (n=5)
Not yet invited (n=9) Not yet invited (n=6)
ANALYSIS
(n=127) Analyzed (n=60) Analyzed (n=67)

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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2. Materials and methods
2.1. Trial population

This was a single-center, single-blind, randomized trial. Written
informed consent was obtained from all the patients. The study was
conducted in accordance with the Declaration of Helsinki and the
principles of good clinical practice. This clinical trial was reported ac-
cording to the Consolidated Standards of Reporting Trials (CONSORT)
guidelines[32] (Fig. 1).

Patients with ultrasound-visible lesions of <30 mm in size, corre-
sponding to BI-RADS 2 to 4a [8] and a biopsy confirmation corre-
sponding to a B2 or B3 [6,7] lesion, were included in the study. Patients
with BI-RADS 3 and BI-RADS 4a microcalcifications measuring <15 mm
with or without a previous biopsy were also eligible. Patients aged <18
years, pregnant patients, and breastfeeding patients were excluded.
Moreover, patients who were unable to understand or sign the informed
consent form were excluded. After obtaining informed consent, each
individual was randomized to a procedure using either a 7G (3.8 mm) or
10G (2.7 mm) needle size. No other stratification was performed. We
used block randomization in blocks of 40 patients with allocation
concealment. Needle-size mandates were enclosed in sequentially
numbered opaque envelopes, and selection was performed by an
external administrator.

None of the patients included in the study had any underlying dis-
eases that would interfere with the VAE procedure.

2.2. Outcomes

Complete excision was one of the primary endpoints. This outcome
was primarily defined by visual assessment by a radiologist who per-
formed the VAE and confirmed the absence of residual lesions in the
excised area. Subsequently, we crosschecked these results with patients
at the 6- and 24- month follow-up.

In this study, we attempted to overcome the issue of radicality by
sending separate, numbered sequential tissue sample containers for
analysis, where the first container contained the visualized lesion and
the remaining two contained increasingly distant non-lesion tissue. This
provided a favorable test to understand whether the completeness of the
procedure can be accurately evaluated using imaging and histopathol-
ogy together, which would be a prerequisite for using VAE for malignant
lesions in the future [33-35].

We defined a VAE procedure as “macroscopically” excised by the
number of the containers that have been obtained during every pro-
cedure. We additionally defined a VAE procedure as “microscopically”
excised as having only normal tissue in the last container after the his-
topathological examination.

Procedure time, defined as the time from the start of the adminis-
tration of local anesthesia until the final removal of the excision needle
and placement of the marker, was another primary endpoint.

2.3. Excision procedure

For the excision of the lesions, we used the EnCor EnSpire ™ Breast
Biopsy System already in clinical use, primarily for biopsies, at our
department. All masses were visible on ultrasonography and excised
using a Philips Epiq Elite ultrasonography machine for guidance. All
microcalcifications that were included in the study were excised ster-
eotactically using the Hologic Selenia® Dimensions® tomosynthesis
system. The location of the lesion within the breast and the distance to
sensitive anatomical structures (nipple, skin, or muscle) were docu-
mented in millimeters (mm), as was the size of the target lesion. The
morphology of the extraductal masses was documented according to
their margins as circular, oval, or irregular (Supplementary Fig. S1).

For both guidance methods, the procedure was performed by one
operator with two assistants, with the goal of achieving complete
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radiological excision of the lesion, i.e., when the lesion was no longer
visible through image guidance. Both the radiologists who performed
the procedures exclusively practiced breast radiology. The main oper-
ator had a 10-year experience with VAB under stereotactic guidance,
had performed >300 VAB procedures and >50 ultrasound-guided VAE
procedures at the start of the study, and was defined as experienced. The
other operator had no previous experience with ultrasound-guided VAE
and was defined as inexperienced; however, she had >5 years of expe-
rience with VAB under stereotactic guidance and had performed >100
VAB procedures. The categorization was based on previously published
data [36,37] where the success of the procedure and the total opera-
tional time was significantly improved after 20-30 procedures. An
inexperienced radiologist performed only ultrasound-guided proced-
ures, and the allocation process between the experienced and inexpe-
rienced radiologists was completely random. Overall, 10 % of the total
cases performed by inexperienced radiologists would potentially pro-
vide sufficient results to analyze the difference with experienced radi-
ologists without risking a major BIAS in the rest of our results.

A detailed analysis of the excision procedure is available as Supple-
mentary Material (Supplementary Materials and Methods).

To evaluate the completeness of the excision, the excised tissue was
placed in three containers with sequential samples. The first container
would contain the excised lesion to the point of complete radiological
excision; no remaining lesion would be observed on mammography or
ultrasound (visual confirmation by the performer). The subsequent two,
meanwhile, would presumably contain normal tissue surrounding the
target lesion. The radiologists’ assessment of completeness was catego-
rized as macroscopically complete (two or three containers) or partial
(one container). Because the goal was to have at least two containers
with material to send to the pathologists for their own analysis we
decided to name “one container sampling” as “macroscopically partial.”
The main criterium for a radiologist to not perform additional sampling
would be the subjective decision from that there would be a high risk for
damaging sensitive areas surrounding the area of interest inclusive
excessive bleeding. Another reason could be the increased stress expe-
rienced by the patient in completing the procedure.

At the end of each procedure, the radiologist documented the visual
assessment of the excised area as completely excised.

Before removing the needle, the operator rinsed the area draining
blood through the needle to ensure a clear view and a more accurate
visual assessment of radicality. At the end of the procedure, a Seno-
mark™ Ultra-Breast Tissue Marker was placed in the resection area for
follow-up assessment. All samples were sent to the Pathology Depart-
ment with a request for a separate assessment of each container.

On needle removal, cold compression was applied on the excision
area for at least 10 min. After confirming the absence of active bleeding,
the incision area was covered with sterile strips and bandages. The pa-
tient was discharged with analgesics (500 mg paracetamol), with in-
structions to continue the same dosage every 6 h for a total of 48 h for
stable pain relief. The patients were instructed to avoid substantial
physical activity for 48 h. Physical findings and short-term complica-
tions were assessed and documented through a telephone call on day 15.
Patients with more severe complications were referred to the breast
surgery department.

Procedure time, defined as the total time of the VAE procedure from
the placement of local anesthesia until the placement of the marker, was
documented by a nurse by recording the time on the lab computer. The
“total doctor time” was measured from the radiologist’s entrance into
the examination room to perform the excision until leaving the room
following the completion of the procedure.

Follow-up examinations were performed 6 and 24 months after the
procedure using the same modality (mammography or ultrasound) used
to guide the VAE procedure. A visual radiological assessment of
completeness was repeated and any patient-reported long-term com-
plications were documented.
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2.4. Statistical analysis

Statistical analysis is presented as Supplementary Material (Statisti-
cal analysis).

3. Results
3.1. Study population

Patients were enrolled between November 2019 and August 2022. A
total of 208 patients were screened and enrolled in this study. Following
withdrawal of consent, the trial population comprised 194 patients.
Characteristics of the study population are summarized in (Table 1).
Only minor differences were observed between the randomization arms.

3.2. Description of radiology assessment of lesions

Stereotactically, 36 (19 %) areas of microcalcification were excised
from 36 patients: 18 with a 7G needle size and 18 with a 10G needle. All
areas of microcalcifications were excised by an experienced radiologist.
Under ultrasound-guidance, 158 (81 %) masses were excised from 158
patients: 79 with a 7G needle size and 79 with a 10G one. Of the 158
masses, 69 were described as circular/oval, 45 as irregular, and 44 as
intraductal. Seventeen masses were excised by a non-experienced radi-
ologist, and 141 by an experienced radiologist.

3.3. Description of sequential sampling performance
Of the 194 excisions, 135 (70 %) were performed with two or three

subsequent containers and defined as macroscopically excised, whereas
in 59 (30 %), the procedure was stopped after only one container.

Table 1
Study population characteristics.

Intervention-needle size

Al (n = 7G (n = 10G(n=
194) 97) 97)
Mean patient age, years 51.6 48.5
Mean lesion size, mm 10.3 10.7 (4-25)
(2-25)
Lesion type according to primary
biopsy, n (%)
— Normal tissue 11 (5,5%) 5 6
— Fibroadenoma/fibroadenosis 42 (21,5%) 21 21
— Papillary with or without atypia 79 (40,5%) 40 39
— ADH 18 (9,5%) 8 10
— FEA 4 (2 %) 2 2
— ALH/CLCIS 6 (3 %) 5 1
— Radial scar/complex lesion 5 (2,5%) 2 3
— Hemangioma 1 (0,5%) 0 1
— PASH 1 (0,5%) 0 1
— No biopsy 27 (14 %) 14 13
Radiological appearance
Microcalcifications 36 (18.5 %) 18 18
Masses 158 (81.5 79 79
%)
—circular/oval 69 32 37
—irregular 45 23 22
—intraductal 44 24 20
Radiologist, n (% of masses excised) (n=79) (n=79)
— More experienced 72 (91 %) 69 (87.5 %)
— Less experienced 7 (9 %) 10 (12.5 %)
Number of containers
1 59 (30 %) 29 30
2o0r3 135 (70 %) 68 67

ADH, atypical ductal hyperplasia; FEA, fibroepithelial atypia; ALH/CLCIS,
atypical lobular hyperplasia/classical lobular cancer in situ; PASH, pseu-
doangiomatous stromal hyperplasia.
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3.4. Description of histopathology after VAE

A detailed analysis of the different lesion types and their histopa-
thology is presented in (Supplementary Table S1). Of the 194 excised
lesions, 112 were defined as B3 on primary histopathology, 44 as B2,
and 11 as B1 while 27 had no biosy prior to VAE (microcalcifications).
The decision for performing VAE on patients with B1 areas was taken on
multidisciplinary conference and was based on palpable findings that
were prominent despite absence of radiological findings.

3.5. Description of patients undergoing subsequent surgery

18 (9 %) patients underwent subsequent surgery after VAE — 10 non-
B3 and 8 B3 lesions. Among the non-B3 lesions, all represented small
groups of BI-RADS 3 and 4a calcifications and were operated on without
primary biopsy after VAE showed DCIS.

Among the B3 lesions, one was assessed as radial scar with the same
histopathology as that observed after the core biopsy, VAE, and subse-
quent surgery. Two lesions were papillomas without atypia on primary
biopsy, one of which was upgraded to papillary cancer on VAE and
subsequent surgery, while the other was concordantly assessed as a
papillom without atypia after VAE and subsequent surgery. One lesion
was assessed as ALH after core biopsy, upgraded to DCIS grade 1 after
VAE and further to DCIS grade 3 after subsequent surgery. Five of the
lesions were assessed as ADH after core biopsy; two were concordantly
assessed as ADH after VAE, and only normal tissue after surgery con-
firming complete excision; two were upgraded to invasive cancer after
VAE, of which was concordantly assessed as invasive cancer after sur-
gery and the other showed only normal tissue after subsequent sergery,
confirming complete excision; one ADH was upgraded to DCIS grade 1
after VAE, showing normal tissue after subsequent surgery.

3.6. Description of patients not undergoing subsequent surgery

The 176 patients who did not undergo surgery were invited for a 6-
month follow-up. Twelve of the invited patients did not participate in
the study (e.g., moved to another city or passed away). Of the remaining
164 patients, 127 attended the 24-month follow-up period.

The mean distances of the lesions from the nipple, skin, and muscle
were 25 mm, 8 mm, and 9 mm, respectively. Of the 59 lesions that were
assessed as partially sampled (with only one round of excision and one
container), 53 (90 %) were within 5 mm of the nipple, skin, or muscle.
Of the 135 lesions that were assessed as completely sampled (i.e., with
two or three containers), 92 (68 %) were located within 5 mm of the
nipple, skin, or muscle.

3.7. Outcome — procedure time

Overall, the mean procedure time was 8.1 min (95 % CI: 7.55-8.56)
and the mean doctor time spent in the procedure room was 20.2 min (95
% CI: 19.24-21.15). The mean procedure time was 7.7 min (95 % CI:
7.03-8.30) in the 7G group and 8.5 min (95 % CI: 7.66-9.24) in the 10G
group. The mean doctor times were reported as 19.6 (95 % CL:
18.18-21.05) in the 7G group and 20.8 (95 % CI: 19.49-22.05) in the
10G group (p = 0.126). A box plot graph comparing procedure time and
total doctor time to needle size is presented on (Fig. 2).

The following parameters were associated with procedure time in
univariate regression analysis: patient age (minus 0.22 min per 5 years
older), lesion size (plus 0.23 min per mm larger) and normal tissue vs.
other biopsy results (plus 2.7 min) (Table 2.1). The adjusted multivar-
iate model (after exclusion of the microcalcifications) (Table 2.2) indi-
cated that a procedure performed by a more experienced radiologist,
compared to that performed by a less experienced, the procedure time
was reduced by 1.7 min which was significant (p = 0.03). During our
learning curve analysis, the mean procedure time was reduced from 10
min to 9 min when we compared the first 9 cases with the last 8 ones (p
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Fig. 2. Box plot graph comparing procedure time (t1) and total doctor time (t2) to needle size (1 = 7G, 2 = 10G).

Table 2.1
Parameters associated with procedure time (minutes) — Univariate analysis.

Univariate Linear Regression (n = 194)

n Beta (95 % CI) p
Needle size: 10G vs 7G 194 0.78  (-0.22t01.78) 0.126
Age, per 5 years 194 -0.19 (-0.36 to 0.027
-0.02)

Lesion size, per mm 194 0.23 (0.15 to 0.32) <0.001
Initial biopsy: Normal tissue vs 164 -1.72 (-3.65t00.19) 0.08
other

Mass vs microcalcifications 194 0.69 (-0.62 to 2.00) 0.300

Radiologist: More vs less experienced 159  -1.72  (-3.52to 0.86) 0.062

CI, Confidence Interval; Bold text indicate the significant parameters.

Table 2.2
Parameters associated with procedure time (min) — Multivariate analysis
(excluding the microcalcifications).

Multivariate Linear Regression (n =

158)

Beta 95 % CI P
Needle size: 10G vs 7G 0.08 (-0.93 to 1.07) 0.878
Age, per 5 years -0.10 (-0.27 to 0.63) 0.226
Lesion size 0.27 (0.18 to 0.36) <0.001
Initial biopsy: Normal tissue vs Other -1.31 (-3.08 to 0.45) 0.143
Mass vs Microcalcifications NOT INCLUDED
Radiologist: More vs Less experienced -1.78  (-3.39 to -0.17) 0.030

CI, Confidence Interval; Bold text indicate the significant parameters.
= 0.6).
3.8. Outcome — Excision completeness
Ninety percent (174/194) of the lesions were completely excised
according to the visual assessment of the excised area by the radiologist

at the end of the procedure. There was no difference between the 10G
needle size, 92 % (89/97), and 7G needle size, 88 % (85/97).

3.9. Outcome — Six-month follow-up

Of the 164 patients who attended the 6-month follow-up, 86 % (141/
164) showed no residual lesions. There was no statistical difference
between the 10G needle size, 81.5 % (66/81) and 7G needle size, 90 %
(75/83).

Lesion size was the only parameter associated with 6-month
completeness outcome in univariate regression analysis (Table 3.1). At
multivariate analysis lesion size remained addociated with complete-
ness, whilst having microcalcifications rather than a mass, also showed
to have a significant effect on completeness (Table 3.2).

3.10. Outcome — 24-month follow-up

Until the data unlock time point of September 15, 2024, 127 of the
164 patients (77 %) had attended their 24-month follow-up. Eighty-two
percent (104/127) of those patients had no residual findings at the 6-
month follow-up; however, two among the 104 patients showed recur-
rence at their 24-month follow-up. The recurrence of the first patient
was papilloma without atypia in concordance with the initial diagnosis,
and the other patient had ADH after VAE and upgraded to DCIS grade 2
post-surgery.

Among the 23 patients with suspicious residual findings during the 6-
month follow-up, one had a fibroadenoma that showed progression in
size, and supplementary surgery confirmed a benign diagnosis; nine of
those 23 patients, showed complete regression of the findings at the 24-

Table 3.1
Univariate analysis of parameters affecting completeness of excision at 6-month
follow-up.

Univariate Logistic Regression (n = 164)

Beta P (95 % CI)
Number of containers 0.004 0.988 (-0.55 to 0.56)
Lesion size, per mm 0.206 0.001 (0.12 to 0.28)
Needle size: 10G vs 7G 0.642 0.137 (-0.20 to 1.48)
Mass vs microcalcifications 0.758 0.153 (-0.28 t0 1.79)

Radiologist: More vs Less experienced -1.673 0.001 (—2.14 to —1.20)

CI, Confidence Interval; Bold text indicate the significant parameters.
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Table 3.2
Multivariate analysis of parameters affecting completeness of excision at 6-
month follow-up.

Multivariate Logistic Regression (n = 164)

Beta p (95 % CI)
Number of containers -0.527 0.151 (-1.24 t0 0.19)
Lesion size, per mm 0.301 0.001 (0.18 to 0.42)
Needle size: 10G vs 7G 0.915 0.109 (-0.20 to 2.03)
Mass vs microcalcifications 3.277 0.001 (1.63 to 4.92)

CI, Confidence Interval; Bold text indicate the significant parameters.

month follow-up, which was interpreted as scar tissue; 10 were having
fibroadenomas with a primary size between 15-25 mm; one had a
hemangioma with a size of 25 mm and two had benign
microcalcifications.

At the end of the 24-month follow-up, 88 % (112/127) of the lesions
had been completely excised. Of the 127 patients, 60 were treated with a
7G needle size and 67 using with a 10G needle size. Ninety-three percent
(56/60) of excision completeness was achieved with the 7G needle size
and 84 % (56/67) was achieved with the 10G needle size, without any
statistical difference.

4. Discussion

In this randomized clinical trial, which focused primarily on breast
lesions with uncertain malignant potential, we found that there was no
overall difference between using 7G needles and 10G needles in terms of
procedure time and excision completeness. Based on regression analysis,
we found that lesion size was the only consistent and statistically sig-
nificant determinant of both outcomes.

We observed a slight difference in point estimates, for procedure
time 7.8 min for 10G needle and 8.5 min for 7G needle, and for excision
completeness 90 % for 7G needle and 82 % for 10G needle. It cannot be
ruled out that a similar magnitude of differences would have been found
statistically significant in a trial with a larger study population and
hence more statistical power. Kim et al. [40] used an 8 G needle for
lesions 15-30 mm in diameter and an 11 G needle for lesions smaller
than 15 mm. Parker stated that using an 8G needle for excising lesions >
15 mm instead of the smaller 11G needle was preferable, arguing that a
greater amount of tissue was obtained with larger needles [41].

VAE for BI-RADS 3 and 4a microcalcifications under the guidance of
stereotactic mammography resulted in subsequent surgery in 28 % of
the cases compared with 7 % of the other lesions, a difference that could
be caused by difficulties delineating the complete extent of micro-
calcifications. Only 9/36 (25 %) cases with microcalcifications were
deemed both macroscopically and microscopically completely excised
following the procedure and at the 6-month follow-up. This underlines
the results of previous studies [48-50] suggesting VAB should be per-
formed primarily followed by surgery rather than VAE.

In our study, the total doctor time in the examination room (20.2
min) was slightly shorter than that reported by Lee et al. [31]. The
procedure time in our study (8.1 min) was in line with the results from
Wang et al., who reported times with a 7G needle of 6.6 min (2-12 min)
[18]. Times were markedly shorter than with the Mammotome™ 11G,
as reported by Baez et al. [16], reporting a procedure time of 20-35 min
using ultrasound guidance but without stating the initial point for pro-
cedure time. We must acknowledge the technological limitations of this
instrument at the time (2003), particularly the significant restrictions in
manipulation and handling due to its attachment to an arm. Besides
focusing on B3 lesions, in our study, we decided to include patients with
normal tissue after the initial biopsy (n = 11). This was owing to the
presence of a palpable lesion and an ultrasound finding that prompted
further action. These patients had a longer procedure time, probably
owing to the uncertainty of the findings, which required a more thor-
ough examination of the area.
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We used an innovative method in this study to evaluate the
completeness of excised lesions by sequential sampling in three con-
tainers. The first included all samples from the visual lesion, and the
others contained increasingly distant visually normal breast tissue.
Obtaining tissue for multiple containers was not possible for all patients,
primarily because of the proximity of the lesion to sensitive structures
such as the nipple and skin. An important finding, however, was that 92
% of the lesions that were deemed both macroscopically (by the radi-
ologist) and microscopically (by the pathologist) completely excised
showed no residual findings at the 6-month follow-up, which increased
to 97.5 % at the 24-month follow-up without additional intervention
confirming scar tissue misinterpreted as residual disease at the 6-month
follow-up. These results are promising for the use of this technique for
accurate assessment of excision completeness.

In line with previous studies[10,40,42], we confirmed the inability
of direct post-procedure image analysis to accurately confirm the
completeness of excision and showed that long-term follow-up imaging
is advisable, preferably a minimum of 24-months. The percentage of
completeness at the 6-month follow-up, in our study was 86 %, which is
in concordance with the results of previous studies [10,24,43-46]. Yom
et al. [47] argued that in the early stages after VAE, it is challenging to
differentiate the actual residual lesion from a hematoma or post-VAE
scar. Therefore, to judge the results of the excision, repetitive follow-
up examinations are needed over a long interval of time
(Supplementary Fig. S4). At the 33-month follow-up, they found fewer
residual lesions (6.5 %) than at the 24-month follow-up (10 %), whereas
residual masses developed in 1.1 % of the cases with no sign of residual
lesions at 24 months. These results are consistent with the 24-month
follow-up findings from our study.

Our data revealed a nonsignificant learning curve for inexperienced
radiologists, which can correlate with that from other studies showing
impressive proficiency in performing VAB by radiologists with previous
experience in ultrasound-guided procedures [36,38,39].

One of the limitations of our study design was that it was performed
at a single center which may pose a challenge for the external validity of
the outcome. Another limitation is that 24 % of the included patients did
not attend the 24 month follow-up examination, which reduced the
statistical power and possibly introduced selection bias.

In conclusion, we found no significant difference in procedure time
or in excision completeness related to using a 7G or 10G needle. There
was, however, an association between lesion size and both outcomes.
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