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Background: The varying experience of surgeons and ultrasound physicians, and their collaboration with
physicians, may affect operation time and efficiency. We evaluated the learning curve of ultrasound-guided
vacuum-assisted excision (VAE) of breast lesion with collaboration between different physicians, and assessed
characteristics associated with operation time.

Methods: The sample population of this retrospective study was divided into two groups: 49 consecutive
patient surgeries completed by skilled surgeons and novice ultrasound physicians (U group); and
30 consecutive patient surgeries completed by skilled ultrasound physicians and novice surgeons (S group).
Cumulative summation graphs were used to evaluate operation time and calculate the turning point of
the learning curve. Patients in the U and S groups were divided into exploration stage and proficiency
stage according to the turning point, and the differences in influencing factors were compared. A total of
548 patients who underwent vacuum-assisted breast excision performed by a combination of skilled surgeons
and skilled ultrasound physicians were selected as the reference group (R group). The differences among the
three groups were compared. The relationship between the operation time and other factors in the different
groups was analyzed using linear regression.

Results: The best learning curve of the sample population was the quadratic fitting equation, and the
turning point was the 19th case in the U group and the 14th case in the S group. The total operation times
in the proficiency stage were significantly shorter than those in the exploration stage in the U and S groups
(P=0.012 and P=0.003, separately). Patient age, long diameter, short diameter, and depth of masses related to
the operation time.

Conclusions: Our data suggest the existence of different learning curves in ultrasound-guided vacuum-
assisted excision for the collaborations of different stages surgeons and ultrasound physicians. Through the

accumulation of experience, it is feasible to safely perform ultrasound-guided VAE of breast lesions.
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Introduction

Ultrasound-guided vacuum-assisted excision (VAE) of breast
lesions has been an acceptable alternative to open resection
of benign breast lesions over the years (1-4). Moreover, an
8-gauge or 11-gauge VAE needle retrieves a larger volume
of specimen, thus allowing a more accurate diagnosis of
breast lesions, including atypical ductal hyperplasia or
ductal carcinoma i situ, compared to a typical 14-gauge
core needle biopsy (5-7). Given the important role that
VAE plays in the diagnosis and resection of breast masses,
acquisition of this skill requires appropriate training, as well
as the accumulation of time and cases, like stereotactic breast
core biopsy or deep learning of breast masses detection and
diagnose (8-10). The varying experience of surgeons and
ultrasound physicians, as well as their collaboration with
physicians, could affect the operation time and efficiency.
This can be divided into the exploration and proficiency
stages based on a time axis; therefore, there may be a
learning curve. The accurate evaluation and summary of
this learning process is of great significance in the guidance
of future teams to carry out this kind of procedure (11,12).
In the past, a simple grouping method was used to evaluate
the learning process, which has the advantage of low data
requirements, but the disadvantage is inaccurate calculation
of turning points (11,13). Cumulative sum analysis
(CUSUM) can be used to draw the learning curve, simulate
the equation, and accurately calculate the turning point of
learning from the exploration stage to the mastery stage
(12,14,15). However, there are few studies on the different
experience combinations of collaborative physicians. In
China, most VAE operations are performed with the
cooperation of a surgeon and an ultrasound physician.
The ultrasound physician is responsible for positioning
and guidance, and the surgeon is responsible for removing
the lesions. Therefore, we aimed to use CUSUM to
retrospectively analyze the learning curve of a combination
of skilled surgeons and novice ultrasound physicians without
VAE experience, as well as the combination of novice
surgeons and skilled ultrasound physicians. We present the
following article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-573/rc).

Methods
Patients

This retrospective study was divided into two time periods:
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49 consecutive patients from June 2018 to May 2019
completed by skilled surgeons and novice ultrasound
physicians (ultrasound physician group, U group); and 30
consecutive patients from June 2020 to May 2021 completed
by skilled ultrasound physicians and novice surgeons
(surgeon group, S group). That’s all the consecutive cases
in the first year that the novice physician start VAE.
All patients underwent ultrasound breast examination.
Inclusion criteria were patients with breast masses less
than 3 cm in long diameter who wished to undergo VAE.
The exclusion criteria were patients with obvious bleeding
tendency, or other conditions that could not tolerate VAE
procedures. Lesions proven to be malignant by biopsy
were also excluded. The average age of patients in the U
group was 41.92+12.71 years, and the average maximum
diameter of masses was 1.34£0.50 cm; the average age
of patients in the S group was 33.33%9.79 years, and the
average maximum diameter of masses was 1.52+0.47 cm.
The masses were classified into class 3 and 4A by the Breast
Imaging Reporting and Data System (BI-RADS). Part of
masses classified as BI-RADS 4A underwent ultrasound-
guided biopsy before VAE and were confirmed to be benign
lesions, while masses of BI-RADS 3 did not undergo
preoperative biopsy. All patients underwent ultrasound-
guided VAE at Peking University Third Hospital. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The requirement for ethical
approval was waived for this retrospective analysis as the
study carried out under normal education and training,
based on the collection of previous data, presented no
more than minimal risk to participants and no commercial
interest is involved in the project. Postoperative pathology
included hyperplasia, fibroadenoma, hamartoma, breast
adenosis, tubular adenoma, intraductal papilloma, and
invasive breast cancer. Another 548 patients who received
ultrasound-guided VAE performed by a combination of
skilled surgeons and skilled ultrasound physicians at Peking
University Third Hospital during the same period (from
June 2018 to May 2021) were selected as the reference
group (R group).

Ultrasound physicians and surgeons without experience
were defined as those who had never carried out ultrasound-
guided VAE, while skilled ultrasound physicians and skilled
surgeons were defined as those who had independently
carried out ultrasound-guided VAE in more than 60 cases,
as per Park et 4l. (11) and Esgueva et 4l. (16). All operating
physicians were above the level of attending physicians with
independent medical qualifications.
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All patients signed an informed consent form before the
procedure. Immediate intraoperative ultrasound showed
complete resection of the breast target masses based on
imaging. The operative time was recorded from the surgeon
punctured the needle until the target mass completely
removed. All specimens obtained were divided into the
center of the masses and the periphery of the masses. The
central part was the target mass, and the surrounding part
was normal breast tissue, which was considered to have a
clear margin. Large amounts of local bleeding were removed
through vacuum-assisted suction or extrusion. There were no
serious complications at the two-week follow-up.

Surgical procedure and equipment

Ultrasound-guided VAE was performed by the ultrasound
physician and a surgeon using a Philips iU 22 (Royal Dutch
Philips Electronics Ltd., Amsterdam, The Netherlands)
with a liner probe of L12-5 MHz. Preoperative ultrasound
was used to determine the target breast masses and the
direction, expressed as a quadrant, and defined as follows.
Left breast: 12-3 o’clock (excluding 12 o’clock) was the
upper outer quadrant; 3-6 o’clock (excluding 3 o’clock) was
the lower outer quadrant; 6-9 o’clock (excluding 6 o’clock)
was the lower inner quadrant; 9-12 o’clock (excluding
9 o’clock) was the upper inner quadrant; right breast:
12-3 o’clock (excluding 12 o’clock) was the upper inner
quadrant; 3-6 o’clock (excluding 3 o’clock) was the lower
inner quadrant; 6-9 o’clock (excluding 6 o’clock) was the
lower outer quadrant; 9-12 o’clock (excluding 9 o’clock) was
the upper outer quadrant. The distance from the nipple, size,
and depth of the masses were confirmed and recorded again
through ultrasound during the operation, and then marked.
The procedures were performed under local anesthesia.
The surgeon performed routine disinfection, towel
spreading, and local anesthesia. Subsequently, ultrasound-
guided resection of the mass was performed through the
collaboration of two physicians. Timing began from the
insertion of the biopsy needle until the tumor was completely
resected. In this procedure, we placed the needle just
posterior to the target and continued to excise until the entire
target was removed. The direction of resection was adjusted
often under ultrasound guidance. Intraoperative ultrasound
was used to determine whether the mass was completely
resected. If there was bleeding that affected judgment, the
biopsy needle was temporarily pulled out, and a pressure
scan was used to determine whether it was local bleeding
or residual mass. If the mass was not completely removed,
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the needle was reinserted and the excision continued. A
Mammotome VAE and resection system (Ethicon Endo-
Surgery Inc., New Brunswick, NJ, USA), together with a

matching 8-gauge biopsy needle, was used.

Research method

Calculation of operative time CUSUM

All patients in the U and S groups were separately
numbered according to the operation sequence. The
CUSUM of operative time of the first patient was the
difference between the operative time of the first patient
and the average operative time of all patients. The CUSUM
of operative time of the Nth patient was the sum of the
difference between the cumulative sum of the operative
time of the previous patient, the operative time of the Nth
patient, and the average operative time of all patients, and
the cumulative sum of the operative time of the last patient
was zero. The calculation formula is as follows:

N
CUSUM =Y (x,—u) 1]
i=1
where x; represents the actual operation time of each
patient, and # represents the average operation time of the
same group of patients. N represents the order of patients.

Drawing of the learning curve and calculation of the
turning point

The cumulative number of cases as the abscissa and the
cumulative sum of the operation time as the ordinate were
taken, and IBM SPSS software (Version 25.0, IBM Corp.,
Armonk, NY, USA) was used to calculate the simulation
equation. The learning curve was drawn, and P<0.05 was
considered as a successful fit of the equation. R* was used
to determine how good the fit was, and the turning point of
the learning curve was calculated.

Influencing factors between the exploration and
proficiency stages

Taking the turning point as the boundary, patients in the
U and S groups were divided into an exploration stage and
proficiency stage (U-E stage and U-P stage; and S-E stage
and S-P stage, respectively). We then analyzed the data to
determine if there was a statistically significant difference in
patient age, nodule location, quadrant, BI-RADS classification,
distance from the nipple, long diameter, short diameter, depth
from the epidermis, and operation time between the stages.
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Y
Enrolled in this study (n=627)

Y

e Inclusion criteria: patients with breast masses less than
3 cm in long diameter who wished to undergo VAE

e Exclusion criteria: patients with obvious bleeding tendency,
or other conditions that could not tolerate VAE procedures

v Y Y

Different collaborating physicians

U group (n=49) S group (n=30)

R group (n=548)

Figure 1 Patient selection flowchart. U, surgeries completed by skilled surgeons and novice ultrasound physicians; S, surgeries completed

by skilled ultrasound physicians and novice surgeons; R, vacuum-assisted breast excision performed by a combination of skilled surgeons and

skilled ultrasound physicians (reference). VAE, vacuum-assisted excision.

This was done to demonstrate whether there was a learning
curve and whether the turning point was appropriate.

Influencing factors with reference group

The U group and S group were compared with the R group
in terms of patient age, nodule location, quadrant, BI-RADS
classification, distance from the nipple, long diameter, short
diameter, depth from the epidermis, and operation time.
We subsequently analyzed whether there were other factors
that affected the learning curve.

Linear correlation analysis

We used operation time as the dependent variable, Y; and
patient age, nodule location, quadrant, BI-RADS classification,
distance from the nipple, long diameter, short diameter, and
depth from the epidermis as independent variables X1-8,
respectively. Linear regression was then used to analyze
the relationship between the dependent variable and the
independent variable in the three groups, respectively, to find
other factors that may affect the learning curve.

Statistical analysis

Measurement data are expressed as ¥ = s, and enumeration
data as the number of cases. The curve estimation analysis
was used for the learning curve fitting equation; the one-
way analysis of variance (ANOVA) test was used for the
comparison between the measurement data groups; 3 or
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Fisher’s exact test was used for the comparison between
the enumeration data groups. The relationship between
the dependent variable and the independent variable was
analyzed using linear regression. IBM SPSS software
version 25.0 was used for data analysis. The difference was
statistically significant at the test level of P<0.05.

Results
Patients and groups

There were 627 patients underwent ultrasound-guided
VAE (49 in the U group, 30 in the U group and 548 in the
R group; Figure 1) were included in this study.

Learning curve and turning point

The fit R’ of the quadratic fitting equation of the learning
curve of the U group was 0.684 (P<0.05), the degree of fit
was good, and the curve turning point was the 19th case.
The R’ of the cubic fitting equation was 0.910 (P<0.05), the
degree of fit was also relatively good, and the turning point
of the curve was the 15th case, as shown in Figure 2.

The R’ of the quadratic fitting equation of the learning
curve of the S group was 0.786 (P<0.05), and the turning
point of the curve was the 14th case. The R’ of the cubic
fitting equation was 0.903 (P<0.05), and the turning point
of the curve was the 11th case. The degrees of fit of all the
curves were good, as shown in Figure 3.
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Figure 3 Learning curve simulation diagram in the S group.

CUSUM, cumulative sum analysis; S, surgeries completed by

skilled ultrasound physicians and novice surgeons.

Influencing factors between exploration and proficiency
stages

The U group and the S group were divided into the
exploratory and proficiency stages, with the 19th case and
the 14th case as the boundary, respectively. The operative
time required in the proficiency stage was significantly
shorter than that in the exploration stage in both groups
(P=0.012), and the difference in the mean operative time
between the two stages was statistically significant (P=0.003).
The actual operation time of the 19th patient was 3 minutes
in the S group, while the actual time of the 14th patient was
2 minutes in the U group.

In the U group, 78.9% (15/19) of the masses were BI-
RADS 4a in the exploration stage, while the masses in the
proficiency stage were mainly BI-RADS 3, and the difference
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was statistically significant (P=0.004). The average age of
the patients in the exploratory stage in the S group was
higher than that of the patients in the proficient stage, and
the difference was statistically significant (P=0.025). There
were no statistically significant differences in other indicators
between the two stages in the two groups, as shown in Tible 1.

Influencing factors with reference group

The mean operation time of the U group was 4.04+3.52 min,
while the operation time of the R group was 3.03£2.02 min,
and there was a significant difference between the two groups
(P=0.002). No other parameters were significantly different
between these two groups. The long diameter of lesions in
the S group was slightly larger than that in the R group, and
there was a statistically significant difference (P=0.026), but
the difference in operation time was not statistically significant
(P=0.219). The mean age of patients in the U group was
higher than that in the S group (P=0.031), and the masses
were deeper than those in the S group (P=0.023). The mean
operating time was 3.53+1.25 min in the S group, lower than
the U group (P=0.001). The specific data are shown in Tible 2.

Linear correlation analysis

The operation time (Y) in the R group was negatively
correlated with patient age (X1), and positively correlated
with nodule long diameter (X3), nodule short diameter
(X4), and distance from the epidermis (X5). The correlation
equation was Y = 1.771 - 0.022 x X1 + 0.862 x X3 + 1.278 x
X4 + 0.571 x X5 [correlation coefficient r =0.453, P=0.000
(P<0.05)]. Operation time (Y) was not correlated with other
indicators in the R group. The operation time (Y) in the
U group was positively correlated with nodule thickness
(X4). The correlation equation was Y = 0.142 + 5.619 x X4
[correlation coefficient r=0.421, P=0.003 (P<0.05)]. The
operation time (Y) with no correlation was found for other
indicators in the U group. The operation time (Y) in the
S group was positively correlated with the nodule long
diameter (X3); the correlation equation was Y = 1.688
+ 1.216 x X3 [correlation coefficient r=0.461, P=0.010
(P<0.05)]. The operation time (Y) with no correlation was
found for other indicators in the S group.

Post-procedural bistopathology results

The pathological results of eight patients in the R group
obtained by VAE were malignant, and the pathological
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Table 1 Comparison of influencing factors between the exploration and proficiency stages
U group S group
Influencing factor
U-E stage U-P stage P S-E stage S-P stage P

Age (years), mean + SD 45.68+12.30 39.53+12.57 0.099 36.14+11.39 30.88+7.68 0.025
Nodule location, n (%)

R breast 5(26.3) 14 (46.7) 0.154 6 (42.9) 8 (50.0) 0.730

L breast 14 (73.7) 16 (63.3) 8 (567.1) 8 (50.0)
Quadrant, n (%)

Upper outer 9 (47.4) 20 (66.7) 0.560 9 (64.3) 11 (68.8) 0.924

Lower outer 2 (10.5) 2(6.7) 2(14.3) 1(6.3)

Upper inner 5(26.3) 4 (13.3) 3(21.4) 3(18.8)

Lower inner 3(15.8) 4 (13.3) 0 (0.0 1(6.3)
BI-RADS, n (%)

3 4(21.1) 19 (63.3) 0.004 9 (64.3) 11 (68.8) 1.000

4A 15 (78.9) 11 (36.7) 5(35.7) 5(31.2)
Distance from nipple (cm), mean = SD 2.28+1.55 2.44+1.96 0.766 2.51+£1.24 2.09+0.52 0.083
Long diameter (cm), mean + SD 1.23+0.53 1.41+0.49 0.226 1.60+0.54 1.44+0.42 0.239
Short diameter (cm), mean + SD 0.69+0.21 0.69+0.30 0.986 0.75+0.23 0.87+0.19 0.541
Depth (cm), mean + SD 0.90+0.27 0.81+0.25 0.227 0.72+0.37 0.41+0.10 0.944
Operation time (min), mean + SD 5.89+4.58 2.87+1.94 0.012 4.21+1.05 2.94+1.12 0.003

U, surgeries completed by skilled surgeons and novice ultrasound physicians; S, surgeries completed by skilled ultrasound physicians and

novice surgeons; E, exploration; P, proficiency; SD, standard deviation; BI-RADS, Breast Imaging Reporting and Data System.

types were five cases of intraductal carcinoma, one case of
medullary carcinoma and two cases of unspecified invasive
breast cancer. The pathological result of one patient in
the U group was malignant, and the pathological type
was medullary carcinoma. The pathological results of all
patients in the S group were benign. Malignant patients
underwent radical surgery and follow-up treatment.

Discussion

The best learning curve of this study group was the
quadratic fitting equation, and the turning points were
the 19th case in the U group and the 14th case in the S
group. Total operation times of the proficiency stage were
significantly shorter than those of the exploration stage
in the U and S group (5.89+4.58 vs. 2.87+1.94 min and
4.21+1.05 vs. 2.94=1.12 min, respectively). Patient age, long
diameter, short diameter, and depth of masses related to the
operation time.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Recently, the detection rate of breast masses in women
has been increasing year on year. With the advancement of
diagnosis and treatment technology, patient expectations
of breast-conserving treatment, and the desire to reduce
the pain of treatment, the treatment of breast masses has
gradually changed from simple open surgery to microscopic
surgery (17). As a new surgical method, ultrasound-
guided VAE has been used in clinical settings because
of its advantages of providing more tissue information
for pathological diagnosis, less complications, and good
cosmetic effect (18,19).

The results of our study show that there is a learning
curve, not only for the combination of novice ultrasound
physicians and skilled surgeons, but also for novice surgeons
and skilled ultrasound physicians in ultrasound-guided
VAE procedures. In the ultrasound physician group, the R’
of the cubic equation was better than that of the quadratic
equation (0.684 vs. 0.910), and the calculated turning points
were the 15th and 19th case, respectively. In the S group,
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Table 2 Comparison of influencing factors with the R group
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Influencing factor R group U group S group i
Rvs. U Rvs. S Uvs. S

Age (years), mean = SD 39.33+12.92 41.92+12.71 33.33+9.79 0.179 0.053 0.031
Nodule location, n (%)

R breast 278 (50.7) 19 (38.8) 14 (46.7) 0.109 0.710 0.490

L breast 270 (49.3) 30 (61.2) 16 (63.3)
Quadrant, n (%)

Upper outer 249 (45.4) 29 (59.2) 20 (66.7) 0.132 0.187" 0.496

Lower outer 88 (16.1) 4(8.1) 3(10.0)

Upper inner 152 (27.7) 9(18.4) 6 (20.0)

Lower inner 59 (10.8) 7 (14.3) 1(3.3
BI-RADS, n (%)

3 291 (53.1) 23 (46.9) 20 (66.7) 0.408 0.207 0.088

4A 257 (46.9) 26 (53.1) 10 (33.3)
Distance from nipple (cm), mean = SD 2.46+1.50 2.38+1.80 3.03+1.76 0.779 0.980 0.367
Long diameter (cm), mean + SD 1.38+0.59 1.34+0.50 1.52+0.47 0.605 0.026 0.159
Short diameter (cm), mean + SD 0.75+0.32 0.69+0.26 0.81+0.22 0.252 0.097 0.466
Depth (cm), mean + SD 0.78+0.35 0.84+0.26 0.70+0.38 0.231 0.497 0.023
Operation time (min), mean + SD 3.03+2.02 4.04+3.52 3.53+1.25 0.002 0.219 0.001

', Fisher’s exact test. R, vacuum-assisted breast excision performed by a combination of skilled surgeons and skilled ultrasound
physicians (reference); U, surgeries completed by skilled surgeons and novice ultrasound physicians; S, surgeries completed by skilled
ultrasound physicians and novice surgeons; E, exploration; P, proficiency; SD, standard deviation; BI-RADS, Breast Imaging Reporting and

Data System.

the R’ of the cubic equation was also better than that of the
quadratic equation (0.786 vs. 0.903), with the turning points
at the 11th case and the 14th case, respectively. Compared
to other complicated surgeries, such as breast plastic surgery
which needs about 45-100 cases to reach a plateau (20),
the turning points of VAE have been significantly reduced,
which reflects that ultrasound-guided VAE is easy to be
mastered by new doctors. Since the turning points of the
different equations are approximate, given the clinical
safety, our study shows that it is more appropriate to use the
19th case for the ultrasound physician and the 14th case for
the surgeon as a training reference. Our results are similar
to those of Park et al., who considered the 20th case as an
appropriate turning point (11). The study by Salazar er al.
demonstrated that 11 lesions were required to acquire the
necessary skills to perform complete excision in more than
80% of patients at the end of ultrasound-guided VAE using

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

CUSUM (12). These differences may be because their study
was performed by radiologists with two years of experience
in breast interventions, without cooperation between
ultrasound physicians and surgeons as seen in our study. In
addition, their study mainly used a 10-gauge needle, while our
study used a thicker 8-gauge needle, with no postoperative
residual masses after ultrasound-guided VAE. Alternatively,
Kim et al. believed that the initial size is the only variable
that correlates significantly with recurrence (21). The
average maximum diameter in our study was 1.38-1.52 cm
smaller than that of 1.685 cm in the study by Salazar ez a/. (12).

In addition, this study further used the 19th case and
the 14th case as the boundary to compare the indicators
before and after the exploration stage and the proficiency
stage in the U and S groups, respectively. It was found
that there were statistically significant differences in
the operation time and BI-RADS classification for the
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ultrasound physician, and patient age and operation time
for the surgeon. Differences in other indicators were
not statistically significant. Differences in operative time
suggest the existence of a learning curve. The BI-RADS
classification may only be an accidental factor in the
U group. In the S group, the age of the patients in the
proficient stage was lower than that in the exploratory stage,
but in the subsequent multivariate analysis of the R group,
we found that age and operation time were negatively
correlated; that is, the older the patient, the shorter the
operation time, and the younger the patient, the longer
the operation time. This may be related to the fact that the
breast glands in young patients are denser and thicker, and
it is challenging to insert needles and remove them (11).
Nakano et 4/. believe that sample collection depends on the
hardness of the target lesion, and that suction time could
potentially be increased to overcome this issue (22). Our
results can also be explained by this, since glands in younger
patients are generally thicker and denser. In the S group,
the patients in the proficiency stage were younger, and it
was predicted that the operation time should be longer, but
the actual operation time was shorter. It also proves that it
is appropriate to use the 14th case as the turning point and,
in the proficiency stage, surgeons can master VAE skills and
shorten the operation time.

The results of the comparative analysis between the U
group and the R group showed that there was no significant
difference in other indicators except for the operation
time. On one hand, it shows that when these indicators
are the same; the only factor that can cause the difference
in operation time is the difference in the experience of the
combined physicians. This result also proves that there
is a learning curve in the combination of new ultrasound
physicians and skilled clinicians to perform VAE. The
comparison between the S group and the R group showed
that there was no significant difference in the operation
time. The surgeons involved in this study have more
than five years of surgical experience. Although there is a
learning process for the individual surgeon to master VAE,
the overall operating time was not significantly longer
compared to other surgeons skilled in VAE. This may be
due to the manual dexterity of the individual surgeon and
his background knowledge of surgical anatomy (23). On the
other hand, it suggests that the speed-limiting factor of VAE
under ultrasound guidance lies in the ultrasound physician,
because many influencing factors may lead to prolonged
operation time, such as the inability to identify masses after
the administration of local anesthetics, or the ultrasound
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probe was not properly positioned (11,24). The proficiency
of the ultrasound physician to guide is more important for
the smooth progress of VAE.

Further analysis in this study showed that the operation
time in the U group was positively correlated with the
short diameter of the nodule, while positively correlated
with the long diameter of the nodule in the S group, but
not with other indicators. The operation time in the R
group showed a negative correlation with patient age, and a
positive correlation with the long diameter, short diameter,
and depth of the nodule. The thickness and density of the
breast glands may be the reason the operation time in the
R group was negatively correlated with age. Moreover,
in our study, a small incision was made in the skin with a
surgical blade before the rotary cutter was inserted, which
also avoided the influence of the skin being too tight and
hard to be punctured. The operation time in the R group
was positively correlated with the other three indicators.
The reason may be that the larger and deeper the nodule,
the deeper the needle insertion, the more rotational cuts,
the more difficult the ultrasound guidance, and the longer
the operation time. Other studies have also identified
nodule volume and position as a relevant factor affecting
the surgical procedure and residual (15,25). Although there
was a linear correlation between the operation time and the
above factors, the correlation coefficients were all lower
than 0.5, showing a low correlation and only used as a
reference factor affecting the operation time.

This study was a retrospective analysis, and there
were some limitations. First, we did not conduct long-
term follow-up for nodule recurrence, only immediate
postoperative observation. Our institution strictly controls
the inclusion criteria of VAE, and the diameter of the tumor
in the included cases did not exceed 3 cm, which may be an
important reason the complete resection rate of all patients
could reach 100%. The learning curve indicator is only
based on the operation time, not the existence of residual,
which is different from some previous studies (15,25).
Second, whether new ultrasound physicians and surgeons
have other similar surgical experience before surgery, the
length of preoperative training, the pathological type of
masses, postoperative complications, and other factors
have not been considered. Future studies will further
explore the influencing factors of these aspects to conduct
a comprehensive analysis of VAE guided by ultrasound.
Third, to the best of our knowledge, this article is one
of the few on learning curve considering collaboration
among different physicians; however, the collaboration did
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not involve a combination of novice surgeons and novice
ultrasound physicians, to which the turning point obtained
in this study may not apply. Fourth, the collection of
retrospective data is subject to information bias, including
recalling bias and investigation bias.

Conclusions

There is a learning curve in ultrasound-guided vacuum-
assisted breast lesion excision. For novice ultrasound
physicians, the experience of performing VAE procedures
in 19 patients is required to acquire stable skills. For
surgeons, it takes 14 patients to reach a plateau. Through
the accumulation of experience, it is feasible to safely
perform ultrasound-guided VAE procedures. Patient age,
long diameter, short diameter, and depth of masses may be
factors affecting the operation time.
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