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Abstract

Purpose: Margin status is one of the most important predictors of local recurrence after breast conserving surgery (BCS).
Intraoperative ultrasound guidance (IOUS) has the potential to improve surgical accuracy for breast cancer. The purpose of
the present meta-analysis was to determine the efficacy of IOUS in breast cancer surgery and to compare the margin status
to that of the more traditional Guide wire localization (GWL) or palpation-guidance.

Methods: We searched the database of PubMed for prospective and retrospective studies about the impact of IOUS on
margin status of breast cancer, and a meta-analysis was conducted.

Results: Of the 13 studies included, 8 were eligible for the impact of IOUS on margin status of non-palpable breast cancers,
4 were eligible for palpable breast cancers, and 1 was for both non-palpable and palpable breast cancers. The rate of
negative margins of breast cancers in IOUS group was significantly higher than that in control group without IOUS (risk ratio
(RR) =1.37, 95% confidence interval (Cl) =1.18-1.59 from 7 prospective studies, odds ratio (OR) =2.75, 95% Cl =1.66-4.55
from 4 retrospective studies). For non-palpable breast cancers, I0US-guidance enabled a significantly higher rate of
negative margins than that of GWL-guidance (RR =1.26, 95% Cl =1.09-1.46 from 6 prospective studies; OR =1.45, 95% Cl
=0.86-2.43 from 2 retrospective studies). For palpable breast cancers, relative to control group without IOUS, the RR for
IOUS associated negative margins was 2.36 (95% Cl =1.26-4.43) from 2 prospective studies, the OR was 2.71 (95% ClI
=1.25-5.87) from 2 retrospective studies.

Conclusion: This study strongly suggests that IOUS is an accurate method for localization of non-palpable and palpable
breast cancers. It is an efficient method of obtaining high proportion of negative margins and optimum resection volumes
in patients undergoing BCS.
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Introduction The current focus is on improving the surgical accuracy of BCS,
especially a higher rate of margin negative with smaller excision
volume [7,8]. Various techniques have been used to localize breast
lesions during BCS. Guide wire localization (GWL) is a standard
technique for localization of non-palpable breast lesions [9].
However, there are several disadvantages of GWL, including a

Breast cancer is the most common malignancy among women
in the world [1]. As the improvements in imaging techniques, the
increased awareness of patients and widespread screening
mammography, the number of women diagnosed with early stage

breast cancer has increased during the past decades [2]. Breast miss rate up to 20% of cases, and the possibility of wire
conserving surgery (BGS) plus adjuvant radiotherapy has become transaction, dislocation or migration. Besides, the insertion of
the alternative treatment to mastectomy for early stage breast the wire could be uncomfortable for patients [10,11]. For palpable
cancer because of equivalent survival [3,4]. It is well known that breast cancer, tumor excision is usually guided by preoperative
obtaining negative surgical margins during BCGS procedures is diagnostic images and experience and tactile skills of the surgeons.
considered to be critically important in decreasing recurrence rates However, palpation alone may be insufficient in differentiating
[5,6]. between malignant tissues and surrounding tissues, especially in
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Figure 1. Selection of studies for the meta-analysis of IOUS associated negative margins of breast cancer.

doi:10.1371/journal.pone.0074028.g001

dense breasts. Palpation-guided surgery could lead high incidence
of positive margins, ranging from 20% to 60% [12,13].

Therefore, a procedure with a higher rate of negative margins
and less discomfort for the patient would be preferable. Examining
the breasts by Ultrasound (US) was first described by Wild and
Neal [14]. Its application has expanded from preoperative
assessment and diagnostic guidance to intraoperative localization
of breast cancers. Intraoperative ultrasound guidance (IOUS) was
developed in 1988 [15]. It is an ultrasound probe that is used to
localize the breast tumor in the operating theatre. IOUS may
improve surgical accuracy of breast cancer excision. Since its
mntroduction, several studies were published on IOUS focusing on
margin status for either non-palpable or non-palpable breast
cancers.

Some studies suggested that IOUS could not increase the rate of
complete tumor removal significantly compared with GWL
[16,17]. Some other studies demonstrated that IOUS-guided
excision can significantly lower the proportion of positive margins
of breast cancers than GWL-guided or palpable-guided excision
for either non-palpable or palpable breast cancers. Besides, the
technique is non-invasive, simple, safe and comfortable for patients

[18,19,20].
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To better evaluate whether IOUS is associated with clear
lumpectomy margins for non-palpable and palpable breast
cancers, we performed a systematic review and meta-analysis on
IOUS focusing on margin status, compared with other traditional
aiding techniques.

Methods

Search strategy

This systematic review and meta-analysis was performed as
described previously [21,22]. Relevant studies were selected by
searching PubMed (update to March 31, 2013), using the
following terms: breast cancer or breast neoplasm, and intraop-
erative ultrasound. The search was limited to those studies written
in English. Three reviewers (Pan, Wu and Ding) independently
evaluated titles and abstracts of identified articles. Potentially
relevant articles were retrieved to review the full text. We also
reviewed the references in the articles for possible inclusions.

In this study, we mainly focused on margin status of breast
cancers. Margin status was divided into two categories: negative
margin and positive margin. Negative margin was usually defined
as having a microscopically tumor-free margin at least 1 mm, and
a distance of less than 1 mm was considered to be positive margin
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in the identified articles. Studies that met the following criteria
were included in the meta-analysis: (1) the diagnosis of breast
cancer was confirmed histopathologically; (2) for meta-analysis of
the association studies, patients who have received IOUS were
considered as case patients, while patients who have not received
IOUS were considered as control patients; (3) the impact of IOUS
on margin status was evaluated; (4) sufficient data for estimating an
odds ratio (OR) or risk ratio (RR) with 95% confidence interval
(CI). Besides, only the one with the largest sample numbers was
included for overlapping studies.

Data extraction

Information was carefully extracted from all the eligible studies
independently by three reviewers (Pan, Wu and Ding). Consensus
was reached by discussion. The following variables were extracted
from each study if available: first author’s name, publication year,
study design, types of breast cancer, the technique used to localize

Table 1. Characteristics of eligible studies about the efficacy of IOUS on margin status included in the study.
Author Year  Design Types of diseases  Presentation Control 10US (n) Control (n)
Margin (—) Total Margin (—) Total
Rahusen FD 1999 Prospective BC Non-palpable GWL 17 19 17 43
Snider HC 1999 Prospective BC Non-palpable GWL 18 22 18 22
Rahusen FD 2002 Prospective IBC Non-palpable GWL 24 27 12 22
Bennet IC 2005 Prospective BC Non-palpable GWL 39 42 19 24
Haid A 2007 Prospective BC Non-palpable GWL 242 299 38 61
James TA 2009 Retrospective DCIS Non-palpable GWL 64 96 36 59
Krekel NMA 2011 Retrospective IBC + DCIS Non-palpable GWL 43 52 86 17
component
Barentsz MW 2012 Prospective IBC Non-palpable GWL 112 120 129 138
Morre MM 2001 Prospective IDBC Palpable Other 26 27 17 24
Davis KM 2011 Retrospective IDBC Palpable Palpation-guide 20 22 26 44
Fisher CS 2011 Retrospective IDBC Palpable Palpation-guide 66 73 104 124
Krekel NMA 2013 Prospective IBC + DCIS Palpable Palpation-guide 58 65 50 69
component
Eichler C 2012 Retrospective BC Both Palpation-guide 81 84 137 166
BC, breast cancer; IBC, invasive breast cancer; IDBC, invasive ductal breast cancer; DCIS, ductal carcinoma in situ; IOUS, intraoperative ultrasound guidance; GWL, guide
wire localization.
doi:10.1371/journal.pone.0074028.t001

breast lesions (both case group and control group), number of
cases and controls, and number of patients with negative margins.

Statistical analysis

We conducted meta-analysis among women who diagnosed
with either palpable breast cancer or non-palpable breast cancer
jointly or separately. Crude ORs or RRs with 95% CI were used
to assess the association between the different techniques used to
localize breast lesions and the rate of negative margins. The
between-study heterogeneity was tested with Q statistics [23]. The
between-study heterogeneity was considered to be significantly
only if P<<0.10. When between-study heterogeneity was absent,
the fixed-effects model (the Mantel-Haenszed method) [24] was
used to calculate the pooled ORs. Otherwise, a random-effects
model (the DerSimonian and Laird method) [25] was selected.
The meta-analysis was performed as described previously [21,22].
Publication bias was investigated by Funnel plots and Egger’s

Table 2. Summary ORs or RRs and 95% Cl of IOUS associated negative margins.

Presentation Types of study Summary ORs/RRs 95% CI P value for heterogeneity
Both Prospective 1.63" 1.10-2.42 0.010
1.37 1.18-1.59 0.117
Retrospective 242" 1.45-3.19 0.122
2.75 1.66-4.55 0.193
Non-palpable Prospective 147" 0.98-2.22 0.030
1.26 1.09-1.46 0.334
Retrospective 1.45 0.86-2.43 0.583
Palpable Prospective 2.36 1.26-4.43 0.361
Retrospective 271 1.25-5.87 0.146

*ORs or RRs was meta-analyzed with publication bias.
doi:10.1371/journal.pone.0074028.t002
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Study %
ID Others I0US RR (95% Cl) Weight
Snider HC (1999) ——-—;— 1.00 (0.46, 2.15) 493
Rahusen FD (2002) :—*— 2.89(1.04, 8.00) 3.32
Bennet IC (2005) ——v—w— 179(0.72,447) 397
Haid A (2007) - 1.21(1.05, 1.40) 66.76
Barentsz MW (2012) —*I—g 0.99 (0.59, 1.66) 11:25
Morre MM (2001) : } 4.84(0.76,30.74) 1.27
Krekel NMA (2013) —l—-'— 1.99(1.03,3.85) 850
Overall (-squared =41.1%, p=0.117) O 1.37 (1.18, 1.59) 100.00
T l T
0325 1 30.7

Figure 2. Impact of IOUS on rates of negative margins of all breast cancers (prospective studies). Forest plot for meta-analysis of
prospective studies: rate of negative margins of all breast cancers (including non-palpable and palpable breast cancers) in IOUS group compared with
that in control group without IOUS. The width of the horizontal line represents the 95% Cl of the individual study, and the square proportional
represents the weight of each study. The diamond represents the pooled RR and 95% Cl.

doi:10.1371/journal.pone.0074028.g002

linear regression, and P<<0.05 was considered significant [26]. All
analyses were performed using the software Stata version 11.0
(Stata Corporation, College Station, TX, USA).

Results
Description of the included studies

Our initial search identified 196 potentially relevant studies, of which
we screened the titles and abstracts. After full-text review of the 31

relevant studies, 13 studies [11,16,17,18,19,20,27,28,29,30,31,32,33]
were included in this systematic review and meta-analysis
(Fig. 1). The details of eligible studies about the efficacy of
IOUS on margin status are shown in Table 1. Eight studies
were prospective studies, and 5 were retrospective studies. All
the eligible studies focused on the investigation of a possible
improvement of margin status when IOUS was used during
surgery, compared with surgery without IOUS. Of the 13

Study %
D Others 10US OR (95% Cl) Weight
Krekel NMA (2011) —_— 172(0.75,3.94) 4277

Davis KM (2011)

——————————>6.92(1.44,3337) 7.36

Fisher CS (2011) —_ 1.81(0.73, 4.52) 34.51

Eichler C (2012) 5.72(1.69, 19.36) 15.35

Overall (I-squared = 36.6%, p = 0.193) 2.75 (1.66,4.55)  100.00

T
.03 1 33.4

Figure 3. Impact of IOUS on rates of negative margins of all breast cancers (retrospective studies). Forest plot for meta-analysis of
retrospective studies: rate of negative margins of breast cancers (including non-palpable and palpable breast cancers) in IOUS group compared with
that in control group without IOUS. The width of the horizontal line represents the 95% Cl of the individual study, and the square proportional
represents the weight of each study. The diamond represents the pooled OR and 95% Cl.

doi:10.1371/journal.pone.0074028.g003
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Study %
D GWL 10US RR (95% CI) Weight
Snider HC (1999) _,,_l_ 1.00(0.46,2.15) 546
Rahusen FD (2002) 2.89(1.04,8.00) 3.68
Bennet IC (2005) ——v—*—' 179(0.72,447) 440
Haid A (2007) ] 1.21(1.05,1.40) 73.99
Barentsz MW (2012) ——;— 0.99(0.59,1.66) 1247
Overall (l-squared = 12.5%, p = 0.334) @ 1.26(1.09,1.46)  100.00
T i T
125 1 8

Figure 4. Impact of IOUS on rates of negative margins of non-palpable breast cancers (prospective studies). Forest plot for meta-
analysis of prospective studies: rate of negative margins of non-palpable breast cancers in IOUS group compared with that in GWL group. The width
of the horizontal line represents the 95% Cl of the individual study, and the square proportional represents the weight of each study. The diamond
represents the pooled RR and 95% Cl.
doi:10.1371/journal.pone.0074028.g004

studies, 8 studies [11,16,17,18,19,27,28,29] were carried out to
mvestigate whether IOUS could enable a better margin
clearance than GWL during non-palpable breast cancers
excision. Four studies [20,30,31,32] were eligible for the efficacy
of IOUS on margin status of palpable breast cancer, compared
with palpation alone. Besides, there is a study [33] evaluating

Study

D GWL IOUS

James TA (2009)

Krekel NMA (2011)

Overall (I-squared = 0.0%, p = 0.583) <®

the efficacy of IOUS regardless of whether the breast cancer is
palpable or non-palpable.

Impact of IOUS on rates of negative margins of all breast
cancers

For all prospective studies included, the rate of negative margins
of breast cancers (including non-palpable and palpable breast

%
OR (95% Cl) Weight
1.28(0.65,251) 6187
172(0.75,3.94)  38.13

1.45(0.86,2.43)  100.00

T T
254 1 3.94

Figure 5. Impact of IOUS on rates of negative margins of non-palpable breast cancers (retrospective studies). Forest plot for meta-
analysis of retrospective studies: rate of negative margins of non-palpable breast cancers in IOUS group compared with that in GWL group. The width
of the horizontal line represents the 95% Cl of the individual study, and the square proportional represents the weight of each study. The diamond
represents the pooled OR and 95% Cl.
doi:10.1371/journal.pone.0074028.g005
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Figure 6. Impact of IOUS on rates of negative margins of palpable breast cancers. Forest plot for meta-analysis: rate of negative margins of
palpable breast cancers in IOUS group compared with that in control group without IOUS. The width of the horizontal line represents the 95% Cl of
the individual study, and the square proportional represents the weight of each study. The diamond represents the pooled RR or OR and 95% Cl.

doi:10.1371/journal.pone.0074028.g006

cancers) in IOUS group (536/613) was significantly higher than
that in control group without IOUS (300/403) (RR =1.63, 95%
CI =1.10-2.42, P=0.010 for heterogeneity) (Table 2).

The results of Funnel plots and Egger’s linear regression showed
that there was publication bias caused by the study [27] published
in 1999 (P<<0.05). After this study excluded, there is no publication
bias (P>0.05). And the rate of negative margins of breast cancers
i IOUS group (519/594) was still significantly higher than that in
control group without IOUS (283/360) (RR =1.37, 95% CI
=1.18-1.59, P=0.117 for heterogeneity) (Fig. 2).

What’s more, the meta-analysis of 5 retrospective studies
included showed that the rate of negative margins of breast
cancers in IOUS group (274/327) was significantly higher than
that in control group without IOUS (389/510) (OR =2.42, 95%
CI =1.45-3.19, P=0.122 for heterogeneity) with publication bias
(P<<0.05) (Table 2). After the study was excluded [29], there 1s no
publication bias (£>0.05). And the rate of negative margins of
breast cancers in IOUS group (210/231) was still significantly
higher than that in control group (353/451) without IOUS (OR

PLOS ONE | www.plosone.org

=2.75,95% CI =1.66-4.55, P=0.193 for heterogeneity) without
publication bias (Fig. 3).

Impact of IOUS on rates of negative margins of non-

palpable breast cancers

For all prospective studies on non-palpable breast cancers,
IOUS did not enable a significantly higher rate of negative
margins (452/529) than that of GWL (233/310) (RR =1.47, 95%
CI =0.98-2.22, P=0.030 for heterogeneity) with publication bias
(P<0.05) (Table 2). After one study was excluded [27], IOUS
enabled a significantly higher rate of negative margins (435/510)
than that of GWL (217/267) (RR =1.26, 95% CI =1.09-1.46,
P=0.334 for heterogeneity) without publication bias (Fig. 4).

The meta-analysis of 2 retrospective studies also showed that the
rate of negative margins of non-palpable breast cancers in IOUS
group (107/148) was not significantly higher than that in GWL
group (122/176) (OR =1.45, 95% CI =0.86-2.43, P=0.583 for
heterogeneity) (Fig. 5).

September 2013 | Volume 8 | Issue 9 | e74028



Impact of IOUS on rates of negative margins of palpable
breast cancers

Fig. 6 showed the results of meta-analysis of 2 prospective
studies on the impact of IOUS on rates of negative margins of
palpable breast cancers. Relative to control group without IOUS,
the RR for IOUS associated negative margins was 2.36 (95% CI
=1.26-4.43, P=0.361 for heterogeneity) (Table 2). Besides, Fig. 6
also showed the results of meta-analysis of 2 retrospective studies.
Relative to control group, the OR for IOUS associated negative
margins was 2.71 (95% CI =1.25-5.87, P=0.146 for heteroge-
neity).

Discussion

BCS is a landmark for treating patients with early stage breast
cancer. Up to now, different management procedures have been
applied to obtain negative margins for patients who have
undergone BCS [34]. There is still no preoperative assessment
that can ensure the clear lumpectomy margins at the initial
operation. GWL is the standard technique for tumor localization
of non-palpable breast cancers [9]. And excision of a palpable
breast cancer is usually guided by the intraoperative tactile skills of
the surgeon. IOUS enables the surgeon to optimally position the
incision on the breast and to operate under direct vision. It is
proposed to replace GWL, with evidence from our present meta-
analysis.

Our present systematic review and meta-analysis sums up the
previous studies on the impact of IOUS on margins status of breast
cancer. The results demonstrated a statistically significant increase
in the incidence of pathologically negative margins with the use of
10US, for both non-palpable and palpable breast cancers.

Apart from this, cosmetic outcome must be taken into account.
The goal of attaining a negative margin must be balanced with
cosmetic outcome. Removal of a larger volume of tissue is not
advocated because of a poorer cosmetic outcome [35]. Because of
the inconsistency of tumor size, the excess breast tissue resection
was better determined using the calculated resection ratio (CRR),
representing a comparison of the total resection volume to the
optimal resection volume [16]. It is notable that IOUS-guided
surgery resulted in a reduced CRR compared with surgery without
I0OUS, thereby improving cosmetic outcome and increasing
patients’ satisfaction and quality of life [16,20]. Unfortunately,
CRR can’t be meta-analyzed in this study, due to rarely few
studies having provided the data.

In addition, the average cost of an IOUS was much less than
GWL [29]. The cost differential between the procedures would
favor IOUS as a means of localization when feasible. On the other
hand, IOUS can be performed by breast surgeons not depending
on radiology. It also avoids the need for a separate invasive
procedure.
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However, it can’t be ignored that the use of IOUS to
localization of breast cancer must be tailored to each individual
case, as there remain situations where GWL will be more
appropriate [36]. Many mammographically detected lesions, such
as microcalcifications, are not visible by ultrasound. So IOUS
alone is not a feasible alterative for some special patients. Thus, it
may be necessary to combine IOUS with GWL in certain cases.
The results of a previous study demonstrated that IOUS can
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may increase the rate of negative margins and improve cosmoses
[36].
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Conclusion

This systematic review and meta-analysis strongly suggests that
IOUS is an accurate method for localization of non-palpable and
palpable breast cancer. It is an efficient method of obtaining
higher proportion of negative margins and optimum resection
volumes in patients undergoing BCS. It may be useful to use
IOUS and GWL in combination in some situation.

Supporting Information

Checklist S1 PRISMA Checklist.
DOC)

Author Contributions

Conceived and designed the experiments: XL WZ HP SW. Performed the
experiments: HP NW HD. Analyzed the data: HP JD WZ. Contributed
reagents/materials/analysis tools: HP NW HD QD JD LL LC XZ SW.
Wrote the paper: HP WZ XL.

cancer: influence of margin status and systemic therapy on local recurrence.
Journal of clinical oncology: official journal of the American Society of Clinical
Oncology 18: 1668-1675.

6. Taghian A, Mohiuddin M, Jagsi R, Goldberg S, Ceilley E, et al. (2005) Current
perceptions regarding surgical margin status after breast-conserving therapy:
results of a survey. Annals of surgery 241: 629-639.

7. Vrieling C, Collette L, Fourquet A, Hoogenraad WJ, Horiot JH, et al. (2000)
The influence of patient, tumor and treatment factors on the cosmetic results
after breast-conserving therapy in the EORTC ‘boost vs. no boost’ trial.
EORTC Radiotherapy and Breast Cancer Cooperative Groups. Radiotherapy
and oncology: journal of the European Society for Therapeutic Radiology and

Oncology 55: 219-232.

September 2013 | Volume 8 | Issue 9 | e74028



12.

20.

21.

. Krekel N, Zonderhuis B, Muller S, Bril H, van Slooten HJ, et al. (2011)

Excessive resections in breast-conserving surgery: a retrospective multicentre

study. The breast journal 17: 602-609.

. Postma EL, Witkamp AJ, van den Bosch MA, Verkooijen HM, van

Hillegersberg R (2011) Localization of nonpalpable breast lesions. Expert
review of anticancer therapy 11: 1295-1302.

. Homer MJ, Smith TJ, Safaii H (1992) Prebiopsy needle localization. Methods,

problems, and expected results. Radiologic clinics of North America 30: 139
153.

. Krekel NM, Zonderhuis BM, Stockmann HB, Schreurs WH, van der Veen H,

et al. (2011) A comparison of three methods for nonpalpable breast cancer
excision. European journal of surgical oncology: the journal of the European
Society of Surgical Oncology and the British Association of Surgical Oncology
37: 109-115.

Waljee JF, Hu ES, Newman LA, Alderman AK (2008) Predictors of re-excision
among women undergoing breast-conserving surgery for cancer. Annals of
surgical oncology 15: 1297-1303.

. Plejjhuis RG, Graafland M, de Vries J, Bart J, de Jong JS, et al. (2009) Obtaining

adequate surgical margins in breast-conserving therapy for patients with early-
stage breast cancer: current modalities and future directions. Annals of surgical
oncology 16: 2717-2730.

. Wild JJ, Neal D (1951) Use of high-frequency ultrasonic waves for detecting

changes of texture in living tissues. Lancet 1: 655-657.
Schwartz GF, Goldberg BB, Rifkin MD, D’Orazio SE (1988) Ultrasonography:
an alternative to x-ray-guided needle localization of nonpalpable breast masses.

Surgery 104: 870-873.

. Barentsz MW, van Dalen T, Gobardhan PD, Bongers V, Perre CI, et al. (2012)

Intraoperative ultrasound guidance for excision of non-palpable invasive breast
cancer: a hospital-based series and an overview of the literature. Breast cancer
research and treatment 135: 209-219.

Snider HC Jr, Morrison DG (1999) Intraoperative ultrasound localization of
nonpalpable breast lesions. Annals of surgical oncology 6: 308-314.

. Rahusen FD, Bremers AJ, Fabry HF, van Amerongen AH, Boom RP, et al.

(2002) Ultrasound-guided lumpectomy of nonpalpable breast cancer versus wire-
guided resection: a randomized clinical trial. Annals of surgical oncology 9: 994—

998.

. Haid A, Knauer M, Dunzinger S, Jasarevic Z, Koberle-Wuhrer R, et al. (2007)

Intra-operative sonography: a valuable aid during breast-conserving surgery for
occult breast cancer. Annals of surgical oncology 14: 3090-3101.

Krekel NM, Haloua MH, Lopes Cardozo AM, de Wit RH, Bosch AM, et al.
(2013) Intraoperative ultrasound guidance for palpable breast cancer excision
(COBALT trial): a multicentre, randomised controlled trial. The lancet oncology
14: 48-54.

Zhou WB, Xue DQ, Liu XA, Ding Q, Wang S (2011) The influence of family
history and histological stratification on breast cancer risk in women with benign
breast disease: a meta-analysis. Journal of cancer research and clinical oncology
137: 1053-1060.

. Zhou WB, Ding Q, Chen L, Liu XA, Wang S (2011) Toremifene is an effective

and safe alternative to tamoxifen in adjuvant endocrine therapy for breast
cancer: results of four randomized trials. Breast cancer research and treatment

128: 625-631.

PLOS ONE | www.plosone.org

23.

24.

26.

27.

28.

29.

32.

33.

34.

36.

37.

38.

39.

Intraoperative Ultrasound Associated Clear Margins

Lau J, Ioannidis JP, Schmid CH (1997) Quantitative synthesis in systematic
reviews. Annals of internal medicine 127: 820-826.

Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data from
retrospective studies of disease. Journal of the National Cancer Institute 22: 719~
748.

. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Controlled

clinical trials 7: 177-188.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

Rahusen FD, Taets van Amerongen AH, van Diest PJ, Borgstein PJ, Bleichrodt
RP, et al. (1999) Ultrasound-guided lumpectomy of nonpalpable breast cancers:
A feasibility study looking at the accuracy of obtained margins. Journal of
surgical oncology 72: 72-76.

Bennett IC, Greenslade J, Chiam H (2005) Intraoperative ultrasound-guided
excision of nonpalpable breast lesions. World journal of surgery 29: 369-374.
James TA, Harlow S, Shechey-Jones J, Hart M, Gaspari C, et al. (2009)
Intraoperative ultrasound versus mammographic needle localization for ductal
carcinoma in situ. Annals of surgical oncology 16: 1164-1169.

. Moore MM, Whitney LA, Cerilli L, Imbrie JZ, Bunch M, et al. (2001)

Intraoperative ultrasound is associated with clear lumpectomy margins for
palpable infiltrating ductal breast cancer. Annals of surgery 233: 761-768.

. Davis KM, Hsu CH, Bouton ME, Wilhelmson KI, Komenaka IK (2011)

Intraoperative ultrasound can decrease the re-excision lumpectomy rate in
patients with palpable breast cancers. The American surgeon 77: 720-725.
Fisher CS, Mushawah FA, Cyr AE, Gao F, Margenthaler JA (2011) Ultrasound-
guided lumpectomy for palpable breast cancers. Annals of surgical oncology 18:
3198-3203.

Eichler C, Hubbel A, Zarghooni V, Thomas A, Gluz O, et al. (2012)
Intraoperative ultrasound: improved resection rates in breast-conserving surgery.
Anticancer research 32: 1051-1056.

Henry-Tillman R, Johnson AT, Smith LF, Klimberg VS (2001) Intraoperative
ultrasound and other techniques to achieve negative margins. Seminars in

surgical oncology 20: 206-213.

. Cochrane RA, Valasiadou P, Wilson AR, Al-Ghazal SK, Macmillan RD (2003)

Cosmesis and satisfaction after breast-conserving surgery correlates with the
percentage of breast volume excised. The British journal of surgery 90: 1505
1509.

Bouton ME, Wilhelmson KL, Komenaka IK (2011) Intraoperative ultrasound
can facilitate the wire guided breast procedure for mammographic abnormal-
ities. The American surgeon 77: 640-646.

van der Ploeg IM, Hobbelink M, van den Bosch MA, Mali WP, Borel Rinkes
IH, et al. (2008) ‘Radioguided occult lesion localisation’ (ROLL) for non-
palpable breast lesions: a review of the relevant literature. European journal of
surgical oncology: the journal of the European Society of Surgical Oncology and
the British Association of Surgical Oncology 34: 1-5.

Nadeem R, Chagla LS, Harris O, Desmond S, Thind R, et al. (2005) Occult
breast lesions: A comparison between radioguided occult lesion localisation
(ROLL) vs. wire-guided lumpectomy (WGL). Breast 14: 283-289.

van Rijk MC, Tanis PJ, Nieweg OFE, Loo CE, Olmos RA, et al. (2007) Sentinel
node biopsy and concomitant probe-guided tumor excision of nonpalpable
breast cancer. Annals of surgical oncology 14: 627-632.

September 2013 | Volume 8 | Issue 9 | e74028



