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Abstract. – OBJECTIVE: The aim of the study 
was to summarize and update evidence on wheth-
er intra-operative ultrasonography (IOUS) guided 
breast conserving surgery (BCS) can be more ef-
fective than wire-guided or palpation-guided ex-
cision for both nonpalpable, as well as palpable 
breast cancers in achieving tumor free negative 
margins after lumpectomy for breast cancer. 

MATERIALS AND METHODS: Comprehen-
sive searches were done systematically through 
PubMed, Scopus, CENTRAL (Cochrane Central 
Register of Controlled Trials) and Google scholar 
databases. Statistical analysis was done using 
STATA version 13.0. The primary outcome was 
proportion of patients that achieved tumor free 
resection margins after lumpectomy. Effect sizes 
were reported as pooled relative risks (RR). All 
estimates were reported with 95% confidence in-
tervals (CI).

RESULTS: A total of 20 RCTs with 2519 par-
ticipants were included in the meta-analysis. Use 
of intra-operative ultrasonography was associated 
with 1.18 times higher chances [RR 1.18; 95% CI, 
1.10-1.27] of attaining a tumor free margin for all 
breast cancers, 1.16 times higher chances [RR 1.16; 
95% CI, 1.10-1.23] of attaining a tumor free margin 
for all palpable breast cancers and 1.20 times high-
er chances [RR 1.20; 95% CI, 1.05-1.38] of attaining 
a tumor free margin for all non-palpable breast, 
compared to wire-guided or palpation guided local-
ization. There was no evidence of publication bias.  

CONCLUSIONS: The findings support that in-
tra-operative ultrasonography increases the 
chances of obtaining negative margins for tis-
sue resected in breast conserving surgeries. The 
findings support the observations of previous re-
views published in this aspect nearly half a de-
cade back. 

Key Words:
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mour free lumpectomy, Meta-analysis.

Introduction

Around a half million deaths annually are 
caused by breast cancer, with about 1.7 million 
new cases occur every year1. Breast-conserving 
surgery (BCS) is a widely performed surgery 
used for treating breast cancer and includes the 
complete removal of the cancerous tissue2. Es-
timates3 suggest that almost 20-30% of patients 
operated using BCS require multiple surgeries. 
It will be mainly due to cancer recurrence near 
the (margin) boundary of the excised tissue. The 
intraoperative detection of the margins involved 
could significantly decrease the proportion of pa-
tients requiring repeat surgeries.

The precision of surgical margins is enhanced by 
ensuring the margin of malignant tissue completely 
free by limiting the excision volume4-7. A number 
of methods are used to assist during the BCS. The 
standard practice is the process of breast conservation 
guided-wire localization8. However, there are several 
hazards in using the wire-guided localization which 
include missing or dislocation of wire or migration9,10. 
On the other hand, preoperative diagnostic images 
and surgeon’s expertise in palpation are usually the 
guiding principles of tumour excision. Palpation-led 
surgery is shown to lead to a high incidence of ma-
lignant margins between 20 or 60%11,12. These prob-
lems with traditional tools, such as palpation and 
wire-guided BCS, indicate that surgical procedures 
should aim to achieve a higher rate of negative mar-
gins and less discomfort. Intraoperative ultrasound 
guidance (IOUS) was introduced in clinical practice 
in contrast to Wire-guided location as a visualizing 
method for non-palpable tumours13,14. In IOUS, an ul-
trasound probe is used to identify the breast tumour 
in the surgical process to increase the clinical preci-
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sion of breast cancer excision. Multiple studies on the 
IOUS for nonpalpable and palpable breast cancers 
have been performed since it was introduced.

Intra-operative ultrasound guidance (IOUS) 
may boost the precision of the BCS. However, 
IOUS is a rather new concept for protecting the 
tissue and non-infiltrated areas. Improving the 
targeted and appropriate excision of breast cancer 
tissue is necessary if real-time visibility of tumor 
and surrounding tissue are available. Absence of 
conclusive evidence supporting higher rates of tu-
mour free margins of excised mass, compared to 
the current standard practice, limits use of newer 
technologies such as IOUS.  One review was pub-
lished in 2013 by Pan et al15. The authors included 
13 studies and found that use of intra-operative ul-
trasonography was associated with higher chances 
of achieving negative margins for resected breast 
mass (in both palpable and non-palpable breast 
cancer) compared to control group with either 
wire-guided or palpation guided localization. Sim-
ilar findings were reported by Ahmed et al16 in their 
published review in 2013 in which they assessed 
the efficacy of IOUS, compared to guided wire lo-
calization, in surgical management of non-palpable 
breast cancer. Both these systematic reviews and 
meta-analysis were done nearly half a decade back 
and there is a need to update this evidence, as more 
studies on this aspect have been conducted. There-
fore, we aim to conduct a systematic review of 
whether IOUS guided BCS can be more effective 
than wire-guided or palpation-guided excision for 
both nonpalpable, as well as palpable breast can-
cers in achieving tumor free or negative margins 
after lumpectomy for breast cancer. 

Materials and Methods

Search Strategy
A comprehensive search was done systemati-

cally through PubMed, Scopus, CENTRAL (Co-
chrane Central Register of Controlled Trials) and 
Google scholar databases for English language 
papers published up to 15th November 2019. Free 
text words and medical subject heading (MeSH) 
terms were used. Details of the search strategy 
have been provided in supplementary documents 
(Supplementary Table I). The aim of the research 
was to identify studies, either observational or 
randomized controlled trials, that assessed the 
efficacy of intra-operative ultrasonography in 
achieving tumor free or negative margins after 
lumpectomy for breast cancer, in comparison to 

either wire-guided or palpation guided localiza-
tion. A negative margin was operationally defined 
as a margin of at least 1 mm that was tumor free 
when examined microscopically.  

Selection Criteria and Methods
Two authors reviewed citations and selected 

studies. After removing the duplicates, screen-
ing of titles and abstracts was performed as an 
initial step. Subsequently, review of the full text 
of potential studies was done. Any discrepancies 
related to the inclusion of studies were resolved 
through discussion among the study authors. 
Studies that adequately suited the inclusion cri-
teria were selected for the meta-analysis. The 
bibliographic list of the identified studies and rel-
evant reviews on the subject were examined for 
additional possible studies.

Inclusion Criteria
We included either an observational (cross-sec-

tional or cohort) or randomized controlled trial 
conducted in breast cancer patients with either a 
palpable or a non-palpable lesion. Both prospec-
tively and retrospectively conducted studies were 
eligible for inclusion. Further, the study should 
have compared intra-operative ultrasonography, 
against use of wire-guided or palpation-guided 
localization of tumor. The study should also have 
provided outcome measure of interest, i.e., pro-
portion of patients that achieved tumor free resec-
tion margins after lumpectomy in both interven-
tion and control groups.

Exclusion Criteria
We excluded any non-English language publi-

cations, conference abstracts, case reports, edito-
rials, commentaries, review articles, incomplete 
original data, and studies where ultrasound or oth-
er tools were performed for diagnostic purposes, 
surgical staging or recurrence of the disease. Also, 
those studies that did not furnish extractable and 
meaningful data on effect sizes were excluded. 

Data Extraction and Quality Assessment
Extraction of relevant data from included 

studies was done by two authors independently, 
using a data extraction sheet. Following data from 
eligible studies were extracted: surname of first 
author, year in which the study was published, 
geographical location where the study was done, 
presentation of breast cancer (palpable or non-pal-
pable), design of the study (prospective or retro-
spective) and key findings of the study. The meth-
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odological assessment was done independently 
by two authors using the STrengthening the Re-
porting of OBservational studies in Epidemiology 
(STROBE) statement17. 

Statistical Analysis
Statistical analysis was done using STATA 

version 13.0 (Software for Statistics and Data Sci-
ence). Effect sizes were reported as pooled relative 
risks (RR). Analysis was done among women who 
were diagnosed with either palpable or nonpalpable 
breast cancer separately. All estimates were report-
ed with 95% confidence intervals (CI). Heteroge-
neity of effects was assessed and quantified by the 
I2. I2 value >50% was considered to represent sub-
stantial heterogeneity18. In cases with substantial 
heterogeneity, random effects model was used18. A 
p-value of <0.05 was considered statistically signif-
icant. Publication bias was assessed using Egger’s 
test and visually inspected using funnel plots18.

Results 

Selection of Articles, Study 
Characteristics and Quality 
of Included Studies

A total of 487 unique citations were ob-
tained upon executing the search strategy in the 
PubMed, Scopus, CENTRAL (Cochrane Cen-
tral Register of Controlled Trials) and Google 
scholar databases (Figure 1). Out of these, 439 
were excluded based on title screening. Further, 
20 citations were excluded after reading the ab-
stract. Full text of the remaining 28 articles were 
reviewed. Out of these, 8 articles were excluded 
upon full text review. The final number of in-
cluded articles in this meta-analysis was 20 with 
a total of 2519 participants19-37. Table I presents 
the key characteristics of the included studies 
along with the key findings. Seven studies were 
done in United States and Netherlands each. 

Figure 1. Selection process of the studies included in the review.
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Table I. Key details of the studies included in the meta-analysis.

Continued

Author  Study Country Presentation Study Key outcome
 (year of   design   of breast  groups  (Proportion; Resection
 publication)    cancer   with negative margins) 

Rahusen FD Prospective Netherlands Non-palpable Intervention: Intervention: 17/19 (89.4%)
 et al19 (1999)     Ultrasound Control: 17/43 (39.5%)
     guided lumpectomy
    Control: excision after
     guidewire localization 
Snider HC Prospective United States Non-palpable Intervention: Ultrasound Intervention: 18/22 (81.8%)
 et al20 (1999)     guided lumpectomy Control: 18/22 (81.8%)
    Control: excision after 
     guidewire localization 
Rahusen FD Prospective Netherlands Non-palpable Intervention: Ultrasound Intervention: 24/27 (88.9%)
 et al21 (2002)     guided lumpectomy Control: 12/22 (54.5%)
    Control: excision after 
     guidewire localization 
Bennet IC Prospective Australia Non-palpable Intervention: Ultrasound  Intervention: 39/42 (92.8%)
 et al22 (2005)     guided lumpectomy Control: 19/24 (79.2%)
    Control: excision after 
     guidewire localization 
Haid A et al23 Prospective Austria Non-palpable Intervention: Ultrasound Intervention: 242/299
 (2007)     guided lumpectomy  (80.9%)
    Control: excision after  Control: 38/61 (62.3%)
     guidewire localization 
James TA  Retrospective;  United States Non-palpable Intervention: Ultrasound  Intervention: 64/96 (66.7%) 
 et al24 (2009)  data were     guided lumpectomy Control: 36/59 (61.0%)
  collected    Control: excision after 
  from Breast     guidewire localization
  Cancer
  Surgery 
  Database 
Krekel NMA  Retrospective Netherlands Non-palpable Intervention: Ultrasound  Intervention: 43/52 (82.7%)
 et al25 (2011)      guided lumpectomy Control: 86/117 (73.5%)
    Control: excision after 
     guidewire localization 
Barentsz  Prospective Netherlands Non-palpable Intervention: Ultrasound  Intervention: 112/120 (93.3%)
 MW26 (2012)     guided lumpectomy Control: 129/138 (93.5%)
    Control: excision after 
     guidewire localization 
Moore MM Prospective United States Palpable  Intervention: Ultrasound  Intervention: 26/27 (96.3%)
 et al27 (2001)     guided lumpectomy Control: 17/24 (70.8%)
    Control: Standard excision 
     of mass with no sham 
     ultrasound 
Davis KM  Retrospective United States Palpable Intervention: Ultrasound Intervention: 20/22 (90.9%)
 et al28 (2011)  chart review    guided lumpectomy Control: 26/44 (59.1%)
    Control: Palpation guided
     with no intra-operative 
     ultrasound 
Fisher CS et  Retrospective  United States Palpable Intervention: Ultrasound Intervention: 66/73 (90.4%)
 al29 (2011)     guided lumpectomy Control: 104/124 (83.8%)
    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
Krekel NMA  Prospective Netherlands Palpable Intervention: Ultrasound  Intervention: 58/65 (89.2%)
 et al30 (2013)     guided lumpectomy Control: 50/69 (72.5%)
    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
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One study each was conducted in India, Turkey, 
Australia and Austria whereas 2 studies were 
conducted in Germany. Supplementary Table 
II presents the findings of the quality assessed 
of studies using STrengthening the Report-
ing of OBservational studies in Epidemiology 
(STROBE) statement. All the studies had clear 
study objectives. A total of 16 studies, out of 20, 
had clear inclusion criteria. All the studies had 
used standard tumor localization technique. In 
all the studies, standard histopathology was used 
to identify negative tumor margins. The overall 
quality of included studies was good. 

Effect of Intra-Operative 
Ultrasonography on Rates of Negative 
Margins of all Breast Cancers

Use of intra-operative ultrasonography (USG) 
was associated with 1.18 times higher chances 
[RR 1.18; 95% CI, 1.10-1.27] of attaining a tu-
mor free margin for all breast cancers, compared 
with control group with guide wire localization or 
palpation guidance (Figure 2). Further, for both 
prospective [RR 1.18; 95% CI, 1.07-1.31] and ret-
rospective studies [RR 1.19; 95% CI, 1.08-1.31], 
USG was associated with higher chances of at-
taining negative margins (Figure 2). There was 

Table I (continued). Key details of the studies included in the meta-analysis.

Author  Study Country Presentation Study Key outcome
 (year of   design   of breast  groups  (Proportion; Resection
 publication)    cancer   with negative margins) 

Eichler C  Retrospective Germany Both palpable Intervention: Ultrasound Intervention: 81/84 (96.4%)
 et al31 (2012)    and non-  guided lumpectomy Control: 137/166 (82.5%)
    palpable Control: Palpation guided 
     with no intra-operative 
     ultrasound
Karanlik H  Prospective Turkey Palpable Intervention: Ultrasound  Intervention: 79/84 (94.0%)
 et al32 (2015)     guided lumpectomy Control: 66/80 (82.5%)
    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
Vispute T  Prospective India Palpable Intervention: Ultrasound  Intervention: 31/32 (96.8%)
 et al33 (2018)     guided lumpectomy Control: 24/28 (85.7%)
    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
Eggermann H  Retrospective Germany Palpable Intervention: Ultrasound  Intervention: 174/198 (87.9%)
 et al34 (2014)      guided lumpectomy Control: 99/137 (72.3%)
    Control: Palpation guided
     with no intra-operative 
     ultrasound 
Slijkhuis WA  Prospective Netherlands Palpable Intervention: Ultrasound  Intervention: 19/21 (90.4%)
 et al35 (2016)      guided lumpectomy Control: 20/24 (83.3%)
 (A)    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
Slijkhuis WA Prospective Netherlands Non-palpable  Intervention: Ultrasound  Intervention: 39/45 (86.7%) 
 et al35 (2016)     guided lumpectomy Control: 38/44 (86.4%)
 (B)    Control: Palpation guided 
     with no intra-operative 
     ultrasound 
Arentz C  Retrospective United States Non-palpable Intervention: Ultrasound  Intervention: 135/177 (76.3%)
 et al36 (2010)     guided Control: 20/38 (52.6%)
    Control: guidewire 
     localization
Paramos JC  Prospective United States Non-palpable Intervention:  Intervention: 15/15 (100.0%)
 et al37 (1999)     Ultrasound guided Control: 15/15 (100.0%)
    Control: guidewire 
     localization
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no evidence of publication bias (p=0.182). Funnel 
plot is presented as Supplementary Figure 1.  

Effect Of Intra-Operative 
Ultrasonography on Rates of Negative 
Margins of Palpable Breast Cancers

Use of intra-operative ultrasonography (USG) 
was associated with 1.16 times higher chances 
[RR 1.16; 95% CI, 1.10-1.23] of attaining a tumor 
free margin for all palpable breast cancers, com-
pared with control group with guide wire local-
ization or palpation guidance (Figure 3).  Further, 
the pooled chances of attaining a tumor free mar-
gin was higher with use of intra-operative USG 
both among prospectively done studies [RR 1.16; 
95% CI, 1.08-1.25] and among retrospectively 
done studies [RR 1.21; 95% CI, 1.04-1.42] (Fig-
ures 4 and 5). There was no evidence of publi-
cation bias (p=0.101). Funnel plot is presented as 
Supplementary Figure 2.

  
Effect of Intra-Operative 
Ultrasonography on Rates of Negative 
Margins of Non-Palpable Breast Cancers

Use of intra-operative ultrasonography (USG) 
was associated with 1.20 times higher chances [RR 
1.20; 95% CI, 1.05-1.38] of attaining a tumor free 

margin for all non-palpable breast cancers, com-
pared with control group with guide wire localiza-
tion or palpation guidance (Figure 6). Further, the 
pooled chances of attaining a tumor free margin was 
higher with use of intra-operative USG both among 
prospectively done studies [RR 1.22; 95% CI, 1.01-
1.47] and among retrospectively done studies [RR 
1.16; 95% CI, 1.03-1.32] (Figures 7 and 8). There was 
no evidence of publication bias (p=0.119). Funnel 
plot is presented as Supplementary Figure 3.  

Discussion

In females suffering from early-stage breast 
cancer, breast conserving surgery is usually done. 
Surgeons have used different techniques to en-
sure that a negative margin is obtained during the 
surgery2,7. This is important as a lack of a nega-
tive margin would lead to recurrence of the dis-
ease and the patient may have to undergo a repeat 
surgery. For breast cancers that are non-palpable, 
guided wire localization is commonly used5,7,12. 
On the other hand, for palpable breast cancers, 
the surgeons use their clinical skills augmented 
by their tactile skills to ensure tumor free margins 
during lumpectomy2,5,7. 

Figure 2. Effect of 
intra-operative ultra-
sonography on rates of 
negative margins of all 
breast cancers.
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Intra-operative ultrasonography (IOUS) is a 
relatively new concept aimed to guide the breast 
conserving surgery in a way that the non-infil-
trated areas are protected, and negative margins 

are achieved with high precision. The current me-
ta-analyses show that the use of intra-operative 
ultrasonography was associated with around 20% 
higher chances of attaining a tumor free margin 

Figure 3. Effect of intra-operative ultrasonography on rates of negative margins of overall palpable breast cancers.

Figure 4. Effect of intra-operative ultrasonography, using prospectively conducted studies, on rates of negative margins of palpable 
breast cancers.
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for all breast cancers, compared with control 
group with guide wire localization or palpation 
guidance. Furthermore, the use of intra-operative 
ultrasonography was associated with 16% higher 
chances and 20% higher chances of attaining a 
tumor free margin for all palpable and non-pal-
pable breast cancers, respectively. These findings 

are somewhat different from previous meta-anal-
yses on this issue, published around half decade 
earlier15,16. The meta-analysis by Pan et al15 doc-
umented a much higher chance of obtaining neg-
ative margins with use of IOUS. According to 
this meta-analysis, the use of intra-operative ul-
trasonography was associated with around 37% 

Figure 6. Effect of intra-operative ultrasonography on rates of negative margins of overall non-palpable breast cancers.

Figure 5. Effect of intra-operative ultrasonography, using retrospectively conducted studies, on rates of negative margins of palpable 
breast cancers.
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higher chances of attaining a tumor free margin 
for all breast cancers and 26% higher chances of 
attaining a tumor free margin for palpable breast 
cancers, when prospective studies were pooled. 
Ahmed et al16 documented 48% less chance of 
having an involved surgical margin with use of 

IOUS, compared to wire-guided localization. It 
should be worth mentioning that our meta-anal-
ysis builds upon the existing meta-analyses that 
were published in 2013 and, since then, 6 more 
studies on this issue have been published. The 
inclusion of these new studies would probably 

Figure 7. Effect of intra-operative ultrasonography, using prospectively conducted studies, on rates of negative margins of non-palpable 
breast cancers.

Figure 8. Effect of intra-operative ultrasonography, using retrospectively conducted studies, on rates of negative margins of non-pal-
pable breast cancers.
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change our estimates resulting from the earlier 
published ones. The findings of our meta-analy-
sis support that IOUS is beneficial in achieving 
negative margins in breast conserving surgery, 
compared to wire-guided or palpation guided lo-
calization. However, the magnitude of benefits is 
lower compared to earlier published estimates by 
Pan et al15 and Ahmed et al16.  

It is important to use a technique that, not 
only provides benefits in terms of attaining high 
rates of negative tumor margins in lumpectomy, 
but also preserves the cosmetic appearance of 
breast. In this regard, previous studies26,30,38 have 
stated that IOUS is better than the conventional 
techniques as the volume of breast mass excised 
to achieve a tumor free margin is lesser. Howev-
er, in this meta-analysis, we could not compare 
pooled estimates for volume of mass excised as 
most of the included studies did not provide data 
regarding this aspect. This could be one of the 
limitations of this review. Cost of any treatment 
modality is an essential aspect to consider when 
making recommendations for its wide use. Cost 
effectiveness was not considered in the present 
meta-analysis as an outcome. However, previous 
literature has indicated IOUS to be cost-effective 
compared to wire-guided technique23. This fur-
ther supports the recommendation to scale up use 
of IOUS in breast conservative surgeries. It can-
not be overlooked, however, that the use of IOUS 
to identify breast cancer needs to be adapted to 
each individual case, as there are still cases where 
GWL is more suitable. For instance, many mam-
mographically observed lesions are not evident by 
ultrasound, such as microcalcifications and it may 
be appropriate to combine IOUS with guide wire 
localization. 

There are few limitations of this meta-analysis. 
First, for some of the studies, the sample size was 
small and could have affected the overall pooled 
estimates. Second, the findings present the unad-
justed pooled effect size (i.e., pooled relative risk). 
These are prone to change if adjustments are made 
for potential covariates, such as age and racial dis-
tribution. Third, we were unable to provide com-
parative pooled estimates for volume of resected 
breast mass to achieve tumor free margins for 
IOUS and wire-guided/palpation guided proce-
dures. Fourth, we were unable to provide findings 
related to cost-effectiveness of the compared pro-
cedures. Finally, for assessing the publication bias, 
Egger’s test was used over Begg’s test. There are 
limitations with both these tests; however, the rea-
son for using Egger’s test was that Begg’s bias indi-

cator is insensitive to many types of bias to which 
the Egger test is sensitive. Consequently, Begg’s 
test has a lower power than the Egger’s test. 

Conclusions

This meta-analysis reviewed the previously 
published reviews, which date back around half a 
decade. The aim was to provide updated evidence 
on the effect of intra-operative ultrasonography, 
compared to wire-guided or palpation guided 
localization, in attaining tumor free margins in 
patients that undergo breast conserving surgery. 
The findings support that intra-operative ultraso-
nography substantially increases the chances of 
obtaining negative margins for tissue resected. 
This positive effect was seen in both palpable and 
non-palpable breast cancers, as well as in studies 
done prospectively or retrospectively.   
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