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Objective: To evaluate the efficacy and learning curve of
ultrasoundguided vacuum-assisted excision (US-VAE) of
benign breast lesions, and to assess characteristics asso-
ciated with residual lesion.

Methods: This was a retrospective study with institu-
tional review board-approval. Sonographic and clinical
follow-up were performed 6 months after intervention.
Effectiveness and safety of the technique were analyzed.
The cumulative summation (CUSUM) graphs were used
to evaluate learning curves concerning complete exci-
sion and hematoma.

Results: 152 ultrasound-VAEs in 143 patients were
included. Initial complete resection was achieved in 90.8
% (138 of 152). 6-month follow-up was completed for 143
(94%) of cases and complete resection was observed
in 72 % (100 of 143). Mean maximum size without
residual tumor was 16.9 mm, while with residual lesion
it was 21.9 mm (p = < 0.001), with a volume of 1.53 and

INTRODUCTION

Ultrasound-guided vacuum assisted excision (US-VAE) is
a recognized minimally invasive therapeutic alternative for
treatment of benign breast lesions.'™ Complete excision
effectiveness has been reported to be in a range from 70
to 100%.* ' Among published series, initial palpation of
the mass varies between 13.8 and 88%,>%10-14
have been reported in non-palpable tumors without prior
biopsy, with a subsequent large proportion of cysts and
fibrocystic changes in the definitive histological report.

while others

Regarding follow-up and residual tumor, sonographic
evaluation at >6 months allows for a better assessment

3.39 cm?, respectively (o = < 0.001). Increase in lesion
size and volume was associated with less effectiveness
(p = 0.05), clinical control (p = 0.05), and higher risk
of clinically significant hematoma (o = 0.05). Receiver
operating characteristic analysis demonstrate a volume
threshold of 2.6 cm® (r = 0.71, specificity 84.5%) for
leaving no residual lesion. Cumulative summation graphs
demonstrate that, on average, 11 excisions were required
to acquire skills to perform complete excision in more
than 80% at the end of the ultrasound-VAE and 18 exci-
sions at 6 months.

Conclusion: Ultrasound-VAE is an effective treat-
ment for benign breast lesions. Breast lesion volume
should be considered when assessing for percutaneous
treatment.

Advances in knowledge: A follow-up of the learning
process of ultrasound-VAE will be a valuable tool to
assess the efectiveness and safety of the technique i

of complete resection and effectiveness of the treatment.
However, studies reporting long-term sonographic assess-
ment of percutaneous treatment demonstrate heterogeneous
results with complete excision rates of 38-100%>7%10-12.15

Advantages over conventional surgery have been shown
in the meta-analysis by Ding et al'® where no difference
in residual lesion or hematoma using Mammotome® were
found. They found smaller scar size, bleeding, and surgical
time; however, other vacuum-assisted breast biopsy (VAB)
systems such as EnCor® or Vaccora® were excluded. In
addition, the great heterogeneity of results, lesions, and
patients between studies makes them difficult to compare.
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Factors that predict complete excision have been described. Mass
size is an independent predictor of initial complete excision and
at 6 months post treatment, with a higher proportion of residual
lesions by ultrasound in the larger masses.>'”'® Partial excision
rate increases in case of lesion greater than 2 cm.>®

Currently, there are no well-established patient selection criteria
or standards for effectiveness, safety or follow-up, to allow quality
assessment of the procedure. In addition, objective criteria have
not been established regarding training required to acquire
US-VAE performance sufficiency or learning curves to deter-
mine skills acquisition or maintenance.

Only one study that evaluated US-VAE learning using the
“moving average curves (MAC)” method.'” However, learning
was not measured in terms of complete resection or effective-
ness, but rather in terms of timing and adequate positioning of
the needle under the mass, which do not guarantee complete
excision.

Therefore, the aim of this study is to determine the efficacy of
ultrasound-VAE for the treatment of benign breast lesions
assessing chtaracteristics associated with partial excision, and to
propose a learning curve methodology that will help to evaluate
the number of cases needed to achieve effectiveness and perfor-
mance according to objective quality criteria.

METHODS AND MATERIALS

Study design

This is a single-center retrospective study approved by the Insti-
tutional Ethics Committee. Females with a benign breast lesion
who had an indication for ultrasound-VAE and treated from
March 1, 2012 to February 26, 2016, were included. Indications
for treatment included palpable lump, increase in size, pain,
nipple discharge and anxiety referred by the patient. All patients
had evaluation by a breast surgeon and a breast radiologist with
informed consent for the intervention.

Breast imaging

Lesion characteristics including shape, location, size, and
distances to skin and pectoralis major muscle were determined
by ultrasound assessment. Mass volume was calculated according
to the equation V =4/3 x 1t x (A/2 x B/2 x C/2) (A: longitudinal,
B: transverse, C: anteroposterior), used by Kim et al.®

Percutaneous procedure

The MyLab™ 25 Gold ultrasound system (Esaote SpA, Genoa,
Italy) was used for all interventions. All VAEs were performed
with the SenoRx Encor Vacuum Aspiration Biopsy System (CR
Bard, Murray Hill, NJ), using predominantly a 10 G needles and
two cases with 7G. All percutaneous excisions were performed
by radiologists fully dedicated to breast imaging with more than
2 years of experience in breast interventions.

Patients were placed in supine position with their arm behind
their head. The mass was located with the transducer parallel to
its major axis and after local anesthesia, the biopsy needle was
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placed under the lesion ensuring continuous ultrasound visual-
ization of the tip.

Once the correct positioning of the needle and its aperture were
confirmed, multiple biopsy cores samples were obtained under
continuous ultrasound visualization. The intervention finished
when complete resection was achieved or due to complica-
tion. Local compression was done for 5 min and patients were
discharged with a compressive bandage. Tissue obtained was
sent fresh to pathologic diagnosis. Number of cores, time of the
procedure, complete excision, and complications were recorded.

Follow-up

Clinically significant hematoma (blood collection greater
than 3 cm and clinically palpable) was assessed by ultrasound
performed 24 h after the excision. Patients were followed at 6
months by physical exam and breast US.

STATISTICAL ANALYSIS

Breast lesions and patient characteristics were analyzed. A
univariate descriptive analysis of the variables of interest was
performed and then a multivariate analysis between main
outcomes (complete/incomplete mass excision, clinical control
of symptoms and hematoma) was done.

X? test and Fisher’s exact test were used to analyze the relation-
ship between categorical variables. In the case of bivariate anal-
ysis between categorical and quantitative variables, the Students
t-test or U-test of Mann-Whitney were applied according to
the normality conditions. Additionally, ROC curves were deter-
mined to evaluate possible cut-off points to predict residual
lesion.

Learning curves

The cumulative summation (CUSUM) mode was used to
create and to assess learning curves for Ultrasound-VAE. The
CUSUM analysis is based on the sequential cumulative sum of
results in a process over a period of time, evaluating performance
variations according to objective standard criteria for failure
or success. This method has proven to be useful for assessing
processes concerning learning and health.2**

120—22

We calculated and assessed the CUSUM curves of complete exci-
sion at the end of the intervention, complete excision at 6 months
and clinically significant hematoma at 24 h post-VAE, retrospec-
tively. Sonographic assessment was used to determine the pres-
ence or absence of residual lesion and hematoma.

The CUSUM value (s), the performance acceptable boundary
(HO) and performance unacceptable boundary (H1) were calcu-
lated with a confidence level of & = 0.05 and f = 0.2, according to
the formulae described in literature.”-** We defined acceptable
failure rate (p0) for complete excision as the presence of residual
lesion in less than 20% of procedures and unacceptable failure
rate (pl) as residual tumor in more than 40% of interventions.
The acceptable failure rate for significant hematoma was defined
as hematoma >30 mm in less than 15% of procedures and unac-
ceptable failure rate as hematoma >30 mm in more than 30%.
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The number of cases required to evaluate p0 and p1 were calcu-
lated. Finally, the CUSUM graphs of those radiologists who had
met the total of needed cases (calculated number of cases for p0
and p1) for analysis were included.

RESULTS

Patients

A total of 152 Ultrasound-VAE in 143 females were included
in the study. Mean age was 36.9 years old (17-78 years). Mean
mass size was 18.2 mm (4-45 mm) with an average volume of
2.1 cm’. Lesions were classified into three categories according
to their maximum diameter: 50 (32.9%) were less than 16 mm,
88 (57.9%) between 16 and 25 mm and 14 (9.2%) greater than
25 mm. The most common indication for excision was palpable
mass in 105 (69%) patients and patient’s anxiety in 90 (59%).
Patients and tumor characteristics are summarized in Table 1.

Procedure ultrasound-VAE

The majority of the excisions, 150 (98.7%) were performed with
a 10G needle because 7G was not available at Hospital Vall d'He-
bron s supply catalog at the time of the study. We only had two
patients who were treated with 7G as an exception because of the
size of their lesions (32 mm and 45 mm). Mean VAB sampling
time was 16.8 min with 25 cores per lesion. Complete excision
was achieved in 138 (90.8%) cases, whereas in 14 (9.2%) the
intervention finished with partial excision due to: 4 vasovagal
reactions, 3 active bleeding, 1 skin injury and 3 cases with high
risk of skin damage. Pain was reported as mild (0-3/10) in 139
(91.4%) patients and moderate (4-7/10) in 12 (7.9%) patients.

Pathology

Prior to performing the ultrasound-VAE 141 patients (92.8%)
had benign diagnosis made by core needle biopsy, whereas 11
(7.2%) patients had lesions considered benign by previous radio-
logical surveillance. Neither lesions with atypia nor carcinomas
were included. Fibroadenoma was found in the final pathology
report in 73.7% of the cases. Three lobular carcinoma in situ and
one flat epithelium atypia were reported, all of them with sono-
graphic and MRI assessment and follow-up at 6 months without
residual tumor. Only one patient was found to have focal micro
invasive lobular carcinoma (0.7% of cases) in the final pathology
and she was treated with lumpectomy and sentinel node without
residual tumor.

6-month follow-up

Out of 152 ultrasound-VAE, 143 (94%) had sonographic and
clinical follow-up at 6 months. Complete excision was confirmed
by ultrasound in 103 (72.0%) cases. Masses with partial exci-
sion at 6 months had significantly greater size and volume. The
mean maximum size of masses without residual tumor was 16.9
mm, while with residual lesion were 21.9 mm (p< 0.001), with
a volume of 1.53 and 3.39 cm® respectively (p < 0.001). In addi-
tion, a significant difference regarding complete resection by size
groups was found (p = 0.003). There was no significant difference
when comparing residual lesion and breast density. Radiological
and clinical 6 month follow-up results comparing complete vs
partial excision are shown in Table 2.

Table 1. Patients and tumor main characteristics

Total
Characteristics
n=152
n %

Patient

Multiple breast lesions 62 40.8

Previous breast surgery 31 20.4

Family breast cancer 42 27.6
Breast

Left 79 52.0

Right 73 48.0
Lesion’s shape

Oval 89 58.6

Round 13 8.6

Lobulated 29 19.1

Irregular 21 13.8
Mamographic density (ACR)

A 2 1.6

B 35 28.4

C 59 48.0

D 27 22.0

Without mammography 29 19.1
Clinical indication for excfision
Palpable mass (by patient) 105 69.1

Anxiety 90 59.2

Increase in size 43 28.3

Pain 37 24.3

Discharge 8 5.3

Re-excision 5 3.3

Mean Range

Ultrasound

Maximun size (mm) 18.18 4.0; 45.0

Volume (cm?) 2.06 0.03;27.3

Distance to skin (mm) 6.28 1.0; 70.0

Distance to pectoral (mm) 6.32 0.0; 50.0
Clasification by size

<16 mm 50 32.9

16-25 mm 88 57.9

>25 mm 14 9.2

ACR, American College of Radiology.

The correlation analysis between the lesion’s maximum size and
sonographic residual at 6 months to predict complete excision
showed a ROC curve with an area under the curve (AUC) of
0.698, with a Youden cut-off point of 20.0 mm (sensitivity 62.5%
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Figure 1. Radiological and clinical effectiveness of ultrasound-VAE by tumor size
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and specificity 68.0%). A similar analysis with mass volume
showed an AUC of 0.697 with Youden cut-off of 2.6 cm® (sensi-
tivity 50.0% and specificity 84.5%).

At 6 months, 128 (88.1%) patients treated were asymptom-
atic and without a palpable lump. Assessing by size groups, 44
(95.6%) of the patients with lesions <16 mm were asymptom-
atic, whereas in tumors of 16-25 mm and >25 mm the propor-
tion was 72 (86.6%) and 10 (71.4%) patients respectively (p =
0.042). Females with persistent palpable lump after treatment
had masses closer to the skin, with a mean distance of 3.4 mm vs
6.6 mm in asymptomatic females (p = 0.0245). Only 3.9% of the
patients with complete excision remained symptomatic during
the follow-up, while 67.5% of the patients with partial excision
(n = 40) were asymptomatic despite having small residual lesions
by ultrasound.Figure 1s the differences of complete resection,
hematoma and clinical control according to tumor size is shown
inFigure 1

Learning curves

The estimated number of US-VAE calculated to assess complete
excision with the CUSUM model were 18 cases for p0 and 24
cases for pl. When evaluating significant hematoma, 26 and 35
cases were estimated respectively. For that reason, we limited the
analysis to three radiologists who had performed more than 30
US-VAE: R1 (56 cases), R2 (35 cases), R3 (32 cases).

Figure 2 shows the CUSUM analysis for complete excision at
the end of US-VAE and at the 6 month follow-up. R1 achieved
the performance acceptable boundary (HO) after 16 cases, while
R2 and R 3 after 9 cases. Taken into account these results, on
average 11 US-VAE were required to overcome HO, and to be
able to acquire skills with more than 80% of complete excision
effectiveness. None of them reached the performance unaccept-
able boundary (H1).

At 6 months R1 failed to achieve HO, but more importantly,R1
crossed the H1 after 16 interventions, which led us to conclude
that his/her skills and competence performing ultrasound-VAE
differs from our proposed standards, performing with less than
60% of complete excision effectiveness.

R2 approached HO in attempt 19, but only kept acceptable
performance after excision 26. R3 achieved HO after 9 US-VAE.
Both R2 and R3 kept an acceptable failure rate after crossing HO
during their remaining interventions. With this information, on
average 18 excisions were required to achieve HO at 6 months.

The CUSUM analysis for significant hematoma formation at 24 h
showed that on average 14 interventions were required to reach
HO, confirming skills acquisition for performing US-VAE with
less than 15% significant hematoma post-intervention.

Because of the different results observed in CUSUM graphs,
an analysis for each radiologist was done. We found significant
differences in complete excision (p = 0.004) and clinical control
(p = 0.019) at 6 months by radiologist. Radiologist's mean VAB
time expended per intervention differed significantly (p < 0.001),
with R1 taking less time per VAE without differences in either
mass mean size or mean VAB cores per lesion. Table 3 shows the
differences between radiologists.

DISCUSSION

Our study has shown that the US-VAE is an effective method
to excise benign breast lesions. We confirm that nodule size and
volume are independent predictors of complete resection, with a
higher proportion of residual in larger nodules.'”'***

Kim et al® reported that the initial size is the only variable
that correlates significantly with recurrence. Our estimated
cut-off size of the initial lesion capable of predicting residuals
at 6 months is 20 mm and the cut-off volume is 2.6 cm’. Both
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Figure 2. CUSUM analysis of complete excision rate of bengin breastlesions treated by ultrasound-VAE. Acceptable excision rate
more then 80%with unacceptable failure rate of 40%. Type 1 error (o) of 0.05 and type 2 error () of 0.2. Radiologist 1 (a, d). Radi-
ologist 2 (b, e). Radiologist 3 (c, f). CUSUM, cumulative summation; US-VAE, ultrasound-guided vacuum-assisted excision.

CUSUM Complete excision at the end of

CUSUM Complete excision after US-VAE
6-months follow-up.
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parameters have low sensitivity although volume has a greater
specificity, allowing prediction of residual mass below 2.6 cm’
in 84.5% of cases. Our results are similar to those reported by
Papathermelis et al who achieved 86.7 % complete excision for

lesions smaller than 2.51 cm®?

We observed significant differences in resection between size
groups. There are no other studies discriminating masses
between 16 25 mm, which are probably the main target lesions
for this kind of treatment. Masses bigger than 25 mm are associ-
ated with higher residuals, however up to 67.5% of these patients
were asymptomatic regardless of incomplete resection.

Despite a general higher complete resection rate (90.8%) our
effectiveness decreased to 72% during the follow-up. This is

CUSUM reaches HO (acceptable failure rate - less than 20%)
CUSUM reaches H1 (unacceptable failure rate - higher than 40%)

similar to other reports with complete resection rate at 6-12
months of 38-100%.>”%19 121415 Our average size is comparable
to the work of Kim et al®* who used a Mammotome in tumors
with average size of 19 mm, achieving 61% complete resection
at 6 months.

Our results are probably more comparable with those reported
by Wang et al'® who use the EnCor system describing complete
resection in 93% at long-term. However, they used a 7G gauge
needles in 44% of cases.

Main limitations of the published data are heterogeneous results
concerning effectiveness of US-VAE with lack of established
criteria for treatment, training and quality evaluation criteria.
Our results confirmed significant differences during follow-up
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Table 3. Differences in tumor and procedure characteristics discriminated by radiologists

Radiologist 1 Radiologist 2 Radiologist 3
B lesn ey =59 P e |
Mean Range Mean Range Mean Range
Size (mm) 17.5 (4.0-35.0) 19.1 (7.0-45.0) 17.3 (6.0-34.0) 0.576
Volume (cm?) 1.7 (0.03-10.0) 2.71 (0.09-27.3) 1.9 (0.07-6.6) 0.407
Distance to skin (mm) 56 (1.0-20.0) 43 (1.0-14.0) 59 (1.5-15.0) 0.111
Distance to pectoralis (mm) 7.2 (1.0-30.0) 53 (0.0-22.0) 4.6 (1.0-9.0) 0.010
VAB cores number 25 (2-126) 25 (2-136) 23 (6-86) 0911
VAB time (min) 12,6 (2-35) 16.4 (2-60) 19.5 (7-50) <0.001
Haematic colection at 24 h (mm) 17.6 (0.0-73.0) 15.1 (0.0-40.0) 16.3 (7.0-25.0) 0.546
n % n % n %
Complete excision at 24 h 49 (87.5) 31 (88.6) 30 (93.8) 0.699
Complete excision at 6 months” 31 (60.8) 27 (79.4) 27 (90.0) 0.004
Clinically asymptomatic at 6 months” 41 (80.4) 30 (88.2) 29 (96.7) 0.019

VAE, vacuum-assisted excision.
p bold are statistically significant.
?Radiologist 1 (n = 52), Radiologist 2 (n = 34), Radiologist 3 (n = 30).

according to tumor size groups and radiologists. For that reason,
we also evaluated radiologist’s learning curves using de CUSUM
model in order to predict skills acquisition and their mainte-
nance within our proposed quality standard.

There were similar results at the end of US-VAE among radiolo-
gists, however significant differences were found after 6 months.
This situation not only confirms, but in part explains the high
variability of effectiveness rates when evaluating US-VAE.
Outcomes after the procedure need to be established more
than just focusing on learning how to locate the needle. This
is important concerning treatment of benign lesions but could
be also relevant regarding the possible application for high risk
lesions.

Park et al' evaluate learning of excision with VAB using the
MAC from one subject ', but needle positioning and less
time expended do not guarantee success. Michalopoulos et al*®
mention learning curves for fellows in breast imaging but they
do not report percentages of success or failures. Some authors
report that 5 to 15 procedures of VAB are necessary to achieve
adequate learning,”” while others consider weeks to learn inter-
ventional techniques, including percutaneous excision,”® but
there is no standard assessment criteria or established outcome
monitoring.

To our knowledge, this is the first study that proposes standard-
ized criteria using the CUSUM model to determine and to eval-
uate the learning curve of US-VAE. Our results show that the
CUSUM model is a sensitive tool to identify when a radiologist
reaches adequate performance. We propose that radiologists
have acquired an acceptable skill if they demonstrate complete
excision rate higher than 80%, requiring initially according to

our results, around 11 cases. However, long-term adequate effec-
tiveness learning might need around 18 cases.

Additionally, to apply this model we defined a critical unac-
ceptable effectiveness boundary of complete excision rate of
less than 60%, in which the learning process must be evaluated
and corrected. This is probably the most important informa-
tion because it allows for correction of the learning process
and mistakes. The key regarding monitoring and assessment is
to identify factors that may be influencing the final outcome.
No differences in size, volume, biopsy cylinders or significant
distances to skin were found among radiologists. We found
shorter time per excision by Radiologist 1 that would be a
factor to be taken into account. If we had corrected Radiologist
s failure tendency, our global effectiveness could have been
better. Assessment of learning curves by the CUSUM model
and establishment of quality standard criteria concerning
US-VAE might help to improve effectiveness of this thera-
peutic alternative.

Our results will help us to improve the right selection of cases
for percutaneuous treatment in order to avoid partial results in
the long term. In addition, time spent for each case and addi-
tional core samples after considering complete removal should
be evaluated. We believe that using prospective learning curves
and surveillance of all radiologists in our service concerning
US-VAE will allow earlier identification of possible causes of
low efficacy or safety as a quality control in daily practice.

CUSUM analysis and learning curves could be applied to
monitor training of US-VAE but also could be useful to assess
skill acquisition in other breast interventions. Combining use of
phantoms to perform repetitive training sessions with analysis
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of data with CUSUM can be an easier and faster way to create
learning curves in a short period of time for training of residents,
fellows or breast radiologists who want to learn vacuum excision.
Learning curves can be followed prospectively or in real time in
a personalized setting by using a mobile application which facili-
tates registration, analysis of data and graph construction. These
would allow consistent registration of data and follow-up evolu-
tion of training in a personalized way.

There are some limitations in our study such as the number of
interventions included and our limited availability of 7G needles.
The learning curve analysis was done retrospectively so there
was no room for improvement during the study, a prospective
CUSUM analysis might contribute to improve our effectiveness.

Salazar et a/

Finally, other variables such as pain, time expended, symptoms
and patient satisfaction outcomes should be included when eval-
uating the CUSUM success or failure rate.

CONCLUSION

The effectiveness of US-VAE to achieve complete excision at 6
months varies according to tumor size and the learning curve.
The CUSUM model and the quality criteria proposed allow
assessment of skills acquisition and performance when using
percutaneous excision.
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