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Intraoperative Ultrasonographically Guided Excisional
Biopsy or Vacuum-Assisted Core Needle Biopsy for

Nonpalpable Breast Lesions

Shin-Cheh Chen, MD,* Horng-Ren Yang, MD,* Tsann-Long Hwang, MD,* Miin-Fu Chen, MD,*
Yun-Chung Cheung, MD,† and Swei Hsueh, MD‡

Objective: To compare duration and rates of underestimation and
complete excision for nonpalpable breast lesions using either intra-
operative ultrasonographically guided excisioned biopsy (IUGE) or
directional vacuum-assisted biopsy (DVAB).
Summary Background Data: Percutaneous ultrasonography-
guided core needle biopsy is preferable to stereotactic biopsy for
treatment of nonpalpable breast lesions; however, underestimation
and false-negative results can occur, and rebiopsy may be required.
To date, however, there has been no comparison of these two
procedures in terms of diagnostic accuracy and duration.
Methods: For 4 consecutive years, IUGE was performed for 104
nonpalpable breast lesions and DVAB for 128 lesions at Chang
Gung Memorial Hospital. Of the DVAB cases, the handheld mam-
motome was used for 53 procedures, with all lesions removed as
completely as possible. The duration of the two procedures was
calculated from initial skin incision until completion of wound
closure. Most of the patients with benign pathology underwent
ultrasonographic examination at 3 months after surgery, with a
follow-up examination at 1 year. Surgery was performed subse-
quently for all of the malignancy cases.
Results: The average ages and mean tumor sizes for patients
undergoing IUGE or DVAB were 46 and 47 years and 1.1 and 1.0
cm, respectively. The average IUGE and DVAB surgery durations
for 88 benign tumors and 117 benign lesions were 44.3 and 21.5
minutes, respectively (P � 0.001), and 43.5 and 20.6 minutes for the
malignant tumors (n � 16 and n � 11), respectively (P � 0.036).
The IUGE and DVAB surgery durations for tumors �1 cm in
diameter were 43.5 and 20.6 minutes, respectively, and 44.2 and
23.6 minutes for tumors over that size (P � 0.001). An older-model
mammotome was used for 75 patients, with an average duration of
24 minutes in comparison to 18 minutes for the handheld variant

(P � 0.001). No false-negative results were noted and, except in the
case of the malignant tumors, there was no need for reexcisional
biopsy. Further, there were no underestimates of the disease for the
4 cases of atypical ductal hyperplasia and the 12 of noninvasive
carcinoma. No further ultrasonographic evidence of tumors was
noted for 95% of the benign pathologies, with no residual abnor-
mality detected for 13 of the 27 malignant tumors after IUGE or
DVAB.
Conclusions: For treatment of nonpalpable breast lesions, both
IUGE and DVAB eliminate false-negative results, underestimates,
and the requirement for reexcisional biopsies. In comparison to
IUGE, DVAB is more convenient and time efficient for excisional
biopsy of nonpalpable breast lesions.

(Ann Surg 2003;238: 738–742)

Over the last 10 years, percutaneous imaging-guided
biopsy has become widely adopted for diagnosis of

nonpalpable breast lesions, and it is generally accepted as an
alternative to open surgical biopsy.1–5 For patients presenting
with breast masses, ultrasonography (US)-guided biopsy is
preferable to the stereotactic variant, not only because it is
more comfortable for the subject and there is no exposure to
ionizing radiation but also because it is more cost-effective.6,7

US-guided biopsy for nonpalpable breast lesions can be
performed rapidly using fine needle-aspiration cytology;
however, its use is usually associated with a high percentage
of inadequate specimens.8,9 From a review of the literature, it
appears that US-guided core needle biopsy can resolve the
problem of inadequate specimens; however, the false-nega-
tive rate ranges from 3.6% to 10.9%10,11 and the procedure is
associated with underestimation and the need for reexcisional
biopsy.2 Intraoperative US-guided excisional biopsy (IUGE)
is feasible for treatment of nonpalpable breast lesions, pro-
viding an accurate diagnosis and obviating wire-localization
breast biopsy.12–15 Recently, directional vacuum-assisted
breast biopsy (DVAB) (with an 11-/14-gauge needle) has
been recommended for the diagnosis of small lesions.16–18

From the Departments of *Surgery, †Diagnostic Radiology, and ‡Pathology,
Chang Gung Memorial Hospital, Chang Gung University, College of
Medicine, Taoyuan, Taiwan.

Reprints: Shin-Cheh Chen, MD, Department of Surgery, Chang Gung
Memorial Hospital, 199 Tung Hwa North Road, Taipei, Taiwan, 105.
E-mail: Chensc@adm.cgmh.org.tw.

Copyright © 2003 by Lippincott Williams & Wilkins
0003-4932/03/23805-0738
DOI: 10.1097/01.sla.0000094439.93918.31

Annals of Surgery • Volume 238, Number 5, November 2003738



The aim of this study was to compare the diagnostic accu-
racy, efficacy, and duration of IUGE and DVAB for nonpal-
pable breast tumors.

PATIENTS AND METHODS
The results of IUGE and DVAB for 232 nonpalpable

breast lesions treated at Chang Gung Memorial Hospital were
retrospectively reviewed for the 4-year period from January
1998 to June 2001. The average ages for the IUGE and
DVAB groups were 47 and 46 years, respectively. For Chi-
nese women, US was usually the primary workup examina-
tion for young patients, those with small breasts, and as an
alternative to x-ray mammography for screening of high-risk
patients. The ALOKA SSD 2000 or SSD 5500 system
(ALOKA, Tokyo, Japan) was used for US, with a 7.5 or 10.0
MHZ liner array transducer. The results were recorded in a
computer database according to the salient sonographic fea-
tures of Ap/width ratio (anterior-posterior diameter:width),
shape, margin, internal echogenicity, internal echotexture,
posterior acoustic detail, and presence of bilateral refraction
sign, as previously described.19 Indications for biopsy were
patient preference, clinical concerns, or presence of suspi-
cious lesion on x-ray mammography or US. As DVAB was
not available in the first year of the study, 72 patients with
nonpalpable lesions underwent IUGE during that period.
During the following 3 years, 32 patients underwent IUGE
and 128 DVAB. The IUGE procedures are described else-
where,12 with the lesions completely and grossly excised.
DVAB was performed under local anesthesia using a mam-
motome (Ethicon Endo-surgery, Cincinnati, OH) and an 11-
gauge needle. One year after commencement of the study, a
new, handheld mammotome replaced the older model.

The lesions were removed as completely as possible,
with no further evidence of tumor detected sonographically.
The number of samples obtained was dependent on the size
and the position of the needle relative to the lesion as it
preceded the probe.

All IUGE and DVAB procedures were performed by an
experienced surgeon (S.-C.C). Duration was measured from
commencement of the initial skin incision to wound closure
or needle withdrawal for the IUGE and DVAB groups,
respectively.

Patients whose tumors proved to be benign were asked
to undergo US 3 months and 1 year postsurgery; all the
patients with premalignant or malignant pathology underwent
subsequent surgery (wide excision, partial mastectomy, or
modified radical mastectomy).

Comparative data were analyzed to derive statistical
significance using a two-sample t test for comparison of
continuous variables.

RESULTS
In total, 104 patients underwent IUGE and 128 patients

DVAB. The average sizes of the tumor were 1.1 cm (range
0.5–2.5 cm) and 1.0 cm (range 0.4–2.1 cm), respectively,
with 90% of the tumors �1.5 cm. For the DVAB group, 11
of the 128 lesions (8.6%) were proved malignant (Table 1);
these consisted of 6 intraductal and 4 infiltrating ductal
carcinomas, and 1 invasive lobular variant. Tumors for 16 of
the 104 patients (15.4%) in the IUGE group proved to be
malignant, with 6 intraductal and 10 infiltrating ductal carci-
nomas. Benign tumors for the DVAB group included 43
fibroadenomas, 59 fibrocystic changes, 5 papillomas, 2 atyp-
ical ductal hyperplasias, and 8 other; with 33 fibroadenomas,
48 fibrocystic changes, 2 papillomas, 2 atypical ductal hyper-
plasias, and 3 other for the IUGE group.

Of the benign tumor cases, 88 patients underwent
IUGE and 117 DVAB, with average sizes of 1.1 and 1.0 cm
and average durations of 44.3 and 21.5 minutes, respectively
(P � 0.001). Average durations for the 16 patients with
malignant tumors who underwent IUGE and the 11 DVAB-
treated individuals were 44.0 and 27.0 minutes, respectively
(P � 0.036; Table 2).

The durations for IUGE and DVAB where tumors were
�1 cm in diameter were 43.5 and 20.6 minutes (P � 0.001)
and 44.2 and 23.6 minutes for 1- to 2-cm tumors (P � 0.001;
Table 3), respectively.

In the first year of the study, 75 procedures were
performed using the older-model mammotome, with the
handheld variant used for 53 procedures in the second year.
The average sizes of the excised tumors were 1.0 and 1.1 cm
for the old and new equipment, respectively (P � 0.069),
with an average of 13 and 14 core needle samples taken per

TABLE 1. Pathology of Nonpalpable Tumors

DVAB IUGE

Malignant tumors
Infiltrating ductal carcinoma 4 10
Invasive lobular carcinoma 1 0
Intraductal carcinoma 6 6

Benign
Fibroadenoma 43 33
Fibrocystic change 59 48
Papilloma 5 2
Atypical ductal hyperplasia 2 2
Fibrous nodule 3 1
Adenosis 2 0
Others 3 2

DVAB, directional vacuum-assisted biopsy; IUGE, intraoperative ultra-
sonographically guided excision.
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patient (P � 0.910), and average durations of 24 and 18
minutes (P � 0.001), respectively.

All 4 patients with pathology of atypical ductal hyper-
plasia subsequently underwent surgery, with no residual ab-
normality found (Table 4). Of the 11 cases of malignant
tumor treated using DVAB, subsequent surgery revealed no
evidence of residual tumor for 6 patients. For the 6 cases of
intraductal carcinoma, histologic analysis of subsequent sur-
gical specimens revealed no evidence of residual tumors for
3 patients, with only residual intraductal carcinoma noted for

the other 3 patients and no underestimation revealed. For the
IUGE group, no evidence of residual tumor was noted from
examination of subsequent surgical specimens for 7 of the 16
patients. For the benign tumor cases in the DVAB group, no
sonographic evidence of residual tumor was noted at the
3-month and 1-year follow-up examinations for 89% of the
patients treated using the older-model mammotome and 95%
of those where the handheld variant was used.

Except for two hematomas, which occurred the day
after DVAB, no major complications were noted in the study
and, apart from local manual compression, no further surgical
intervention was necessary. Wound infection developed in
one IUGE patient who recovered after treatment with sys-
temic antibiotics.

DISCUSSION
In comparison to stereotactic biopsy, the US-guided

percutaneous biopsy has several advantages for treatment of
nonpalpable breast lesions. These advantages include in-
creased patient comfort, reduced incidence of vasovagal re-
actions,16 higher complete-excision rate (because the dimen-
sions of the mass are more evident and the needle position
can be visualized real time), reduced cost, no requirement for
ionizing radiation, and rapid execution.6,7 The techniques
used for US-guided biopsy for diagnosis of nonpalpable
breast lesions, which include fine needle aspiration biopsy
(FNAB),8,9,20 large-core needle biopsy (LCNB),10,11,21–23

DVAB,16–18 and open surgical biopsy12–15,24,25 were re-
viewed (Table 5). This comparison clearly demonstrates that
DVAB, with completely excisional biopsy as possible, is the
best diagnostic techniques for treatment of nonpalpable breast
lesions.

FNAB has some diagnostic advantages for palpable
lesions, including greater convenience and less trauma, and it
is considered a major part of the triple diagnosis for breast
tumors. However, the efficacy of FNAB diagnosis has been
questioned because of the relatively high percentage of inad-
equate specimens (4%-35.4%) and false-negative rate (2.6%-

TABLE 2. Comparison of DVAB and IUGE for Duration of
Breast Tumor Biopsy

DVAB IUGE P

Benign tumor
Patient no. 117 88
Size, average (cm) 1.0 1.1 0.069
Duration (min) 21.5 44.3 �0.001

Malignant tumor
Patient no. 11 16
Size, average (cm) 1.0 1.1 0.247
Duration (min) 27.0 44.0 0.036

DVAB, directional vacuum-assisted biopsy; IUGE, intraoperative ultra-
sonographically guided excision.

TABLE 3. Tumor Size and Duration of Breast Tumor Biopsy
Comparing DVAB and IUGE

Tumor Size (cm)

Duration (min)

PDVAB IUGE

�1 20.6 (n � 76) 43.5 (n � 43) �0.001
1–2 23.6 (n � 50) 44.2 (n � 58) �0.001

DVAB, directional vacuum-assisted biopsy; IUGE, intraoperative ultra-
sonographically guided excision.

TABLE 4. Complete Excision Rate for Breast Carcinomas Using DVAB and IUGE

DVAB IUGE

Complete Excision Incomplete Excision Complete Excision Incomplete Excision

Patient no.
Invasive carcinomas 3 2 4 6
Intraductal carcinomas 3 3 3 3

Size, average (cm) 0.9 1.1 1.1 1.0
Duration (min) 27.5 26.6 42.5 52.5
Average sampling no. 16 14

DVAB, directional vacuum-assisted biopsy; IUGE, intraoperative ultrasonographically guided excision.
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20%).8,20 Even though a favorable accuracy rate has been
reported in a well-designed, National Cancer Institute-sup-
ported study,20 8.5% of the specimens were nondiagnostic,
with 33.9% of these finally proved malignant. In a recent
multicenter clinical trial,8 it was demonstrated that FNAB
was of limited value for diagnosis of nonpalpable breast
lesions because of the relatively high rate of insufficient
samples. Although LCNB is now widely used for evaluation
of nonpalpable breast lesions because the accuracy is similar
to that of surgical excision,11 there are a number of potential
pitfalls, including difficulty of accurate insertion of the needle
into small lesions and the need for multiple insertions, which
causes greater epithelial displacement. Further, the number of
false-negative results and underestimates cannot be com-
pletely eliminated using LCNB, with reexcisional biopsy
often required. Smith et al have reported a large LCNB study
of 446 women, with 9 underestimates and 50 reexcisional
biopsies greater.11 Liberman et al studied the cost-effective-
ness of US-guided core biopsy, noting only 1 false-negative
result; however, a relatively high reexcisional biopsy rate
(15%) and 5 malignant tumors were diagnosed for 23 women
after rebiopsy.6

For both IUGE and DVAB procedures in this series,
complete removal of the mass as determined from sono-
graphic evidence was attempted to reduce the drawbacks of
LCNB. No residual abnormality was noted in subsequent
operations for the 4 patients with atypical ductal hyperplasia,
and no residual tumor was detected for nearly half of those
with malignant tumors. There were no false-negative results,
no underestimates of the disease, and no requirement for
reexcisional biopsy. Five core samples are routinely obtained
using LCNB or mammotome biopsy, and a certain number of

reexcisional biopsies are needed to eliminate underestimates
and false-negative results.11,26,27 Liberman et al have re-
ported that infiltrating ductal carcinoma may be completely
excised if 14 or more core samples are obtained,28 and Parker
et al have suggested that 9 core samples can entirely remove
a breast mass �1.5 cm.18 In our study, the average number of
tissue samplings per lesion was 16 in cases of complete
excision, with an average duration of 28 minutes. The aver-
age duration for all patients was 22 minutes (18 minutes using
handheld mammotome), with no statistically significant dif-
ference demonstrated in comparison to LCNB of others.2

Therefore, we agree with Parker et al and recommend com-
plete as removal possible of the sonographic evidence of
small breast lesions, which can reduce sampling error, false-
negative diagnosis, and rebiopsy.18

Potential advantages of IUGE include avoidance of the
complications associated with LCNB and reduced incidence
of false-negative results.14 Rahusen et al .13 and Smith et al15

have reported that, using IUGE, adequate margins can be
obtained for nearly 90% of malignant tumors. Thus, it seems
reasonable to suggest that the role of IUGE appears not only
to include tissue diagnosis but also assessment of the surgical
margin of the carcinoma. However, there are several limita-
tions to US in diagnosis of breast tumors, including poor
visualization of intraductal spread29 and faint microcalcifica-
tions without hypoechoic mass,30 and significant difficulty
determining the margin for those lesions composed of ductal
carcinoma in situ.31 Thus, in the final analysis, IUGE should
be limited to tissue diagnosis, and not used for assessment of
the surgical margin after curative resection.

DVAB with attempt to complete removal of the US-
evident tumor has similar advantages to IUGE, with no

TABLE 5. Ultrasonographically Guided Needle Biopsy of Nonpalpable Breast Tumor

Author Method
Patient

No.
False-Negative

Rate (%)
False-Positive

Rate (%)
Inadequate

Specimen (%)
Underestimation

(%)
Reexcisional

Biopsy

Parker2 Core, 14-G 181 0 0 0 0 49
Liberman6 Core, 14-G 151 1 0 1.3 0 23
Okamoto9 FNAC 137 20 0.8 4 NA NA
Staren10 FNAC 267 20 0 12.7 NA NA

Core, 14-G 210 3.6 0 4.9 NA NA
Boerner20 FNAC 1885 3.7 0.68 8.5 NA NA
Harlow14 IUGE 65 0 0 0 0 0
Simon16 DVAB, 11-G 71 2 5 0 0 NA
Smith15 IUG 81 0 0 0 0 0
Smith15 Core, 14-G 500 3.6 0 1 50 11
Pisano8 FNAC 429 2.6 3.9 35.4 NA NA
Parker18 DVAB 124 0 0 0 0 1

FNAC, fine needle aspiration cytology; IUGE, intraoperative ultrasonographically guided excision; DVAB, directional vacuum-assisted biopsy; NA, not
available.
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false-negative results, no underestimates, and no requirement
for rebiopsy. Moreover, the procedure is more comfortable
for the patient and less costly. In our study, it was demon-
strated that DVAB was more time efficient whether benign or
malignant tumors (Table 2) and tumor-size subgroups (Table
3). Further, using the handheld mammotome, most of the
procedures can be completed within 20 minutes, offering
significant time savings than in comparison with the older-
model mammotome or IUGE.

Many women with solid tumors who undergo biopsy
prefer complete removal rather than follow-up at regular
intervals, especially where the diagnosed lesions are BI-
RADS category �3. The DVAB procedure will satisfy the
requirement for complete removal. In this study, the average
number of samplings was 14 for the old-model mammotome
and 13 for the handheld variant; with a duration of only 18
minutes for the latter. Thus, DVAB should be considered the
most convenient and effective diagnostic tool for nonpalpable
breast lesions.
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