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Abstract

Systematic review and meta-analysis of the impact of intra-operative 
ultrasound guided breast-conserving surgery in early breast cancer.

Background: Breast Conservation (BCS) is the standard surgical 
procedure for early breast cancer. It is challenging for surgeons to achieve 
adequate excision of the lesion with clear margins and acceptable cosmesis. 
A continuous Intra-Operative Ultrasound (IOUS) is used during BCS in volume 
precision surgery. We reviewed its effectiveness to obtain clear margins, low 
excision volume and better cosmetic outcome during BCS.

Methods: We searched three bibliographic databases (MEDLINE, CINAHL, 
Cochrane Library online) for relevant published and unpublished literature from 
their inception until December 2019. The randomized controlled trials of the 
impact of IOUS on excision volume, margin status and cosmetic outcome 
was assessed, and meta-analysis carried out for margin status with narrative 
summary was done for other results.

Results: This study included four articles in the systematic review. A total 
of 207 patients with IOUS and 192 patients with Palpation Guided (PGS) BCS 
was studied in this review. The standardised mean difference of excision volume 
for 2 trials was -0.31 (-0.62, -0.00) and -0.50 (-0.85, -0.16) with p-value of 0.048 
and 0.004. There was no significant volume difference in the remaining two 
studies. The positive margin rate reduced significantly with IOUS guidance with 
the pooled OR was 0.19 (95% CI: 0.09, 0.41) with no heterogeneity among 
studies (p=0.72, I2= 0%). The overall cosmetic outcome favoured satisfaction 
in both ultrasound-guided and palpation guided BCS groups without significant 
difference.

Conclusion: This study suggests that the use of IOUS provides a statistically 
significant, less positive margin without a considerable difference in excisional 
volume. Overall, satisfaction exceeds dissatisfaction with ultrasound-guided 
Breast-conserving surgery. However, there is insufficient evidence to support 
the better cosmetic outcome in the IOUS group.

Keywords: Breast cancer; Breast-conserving surgery; Image guidance; 
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Introduction
Breast cancer is the most common cancer in the UK, with 

approximately 54,000 new cases diagnosed each year [1]. Overall, 
survival has improved steadily over time due to increasing awareness, 
early diagnosis, advances in adjuvant treatment and widespread use 
of the NHS breast screening program. Early-stage (79-87 % at Stage 
1-2) breast cancer patients are diagnosed than a late stage (13-21% at 
stage 3 or 4) [1].

Breast-Conserving Therapy (BCT) is an established standard 
of care for women with early breast cancer. The patient’s overall 
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survival with BCT is comparable to those treated with mastectomy 
[2]. This study concluded as BCS had an improved overall survival 
rate compared to mastectomy in N0-N1 tumour but no significant 
difference in N2-3 patients. Overall survival was better with BCT 
(HR=1.42, 95% CI 1.16-1.74) in the young age group. The large 
retrospective cohort study of 5335 patients reported 3, 5, and 10-
year overall survival was 96.5% vs 93.4%, 92.9% vs 88.3% and 80.9% 
vs 67.2%, respectively [3]. The meta-analysis of Breast-conserving 
surgery and mastectomy for locally advanced breast cancer reported 
no significant difference in local and regional recurrence rate 
(OR=0.83, 0.60, 1.15, p=0.26) and higher disease-free survival rate 
(OR=2.35, 1.84, 3.01, p=<0.01) in Breast-conserving surgery [4].

Breast-Conserving Surgery (BCS) aims to complete tumour 
excision with clear margins while maintaining a reasonable cosmetic 
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outcome [5]. To fulfil this principle, various techniques have been 
used to localize the tumour, such as wire localization, seed localization, 
MarginProbe, ultrasound and specimen X ray, intra-operative MRI 
margin, and margin assessment 3D specimen evaluation, Clear-Edge 
imaging and I Knife. The wire or seed localization and specimen 
X-ray is the gold standard for nonpalpable breast cancer. For palpable 
breast cancer, surgeons typically rely on pre-operative imaging and 
their skills and experience. This technique may be insufficient in 
differentiating tumour from surrounding tissue, especially in highly 
glandular breasts. It can lead to a high involved margin rate. Re-
excision of the positive margin will affect the patient’s emotional 
status, increase wound infection rate, delay adjuvant treatment, and 
increase scar formation [6,7].

Consequently, it may necessitate further cosmetic procedure 
and incur supplementary healthcare cost. Use of Intra-operative 
ultrasound aids to estimate the size of the tumour more accurately 
and improve the negative margin rate with a better cosmetic outcome 
[8,9]. It is a cost-effective technology compared to re-excision and 
other real-time imaging.

 The rate of the negative margin of breast cancer was significantly 
higher with the IOUS group than PGS (OR= 2.75, 95% CI: 1.66-4.55, 
p= 0.193) for both palpable and nonpalpable breast cancer [10]. The 
localisation accuracy was 100%, and the negative margin rate was 
91.01% with continuous intra-operative ultrasound monitoring by 
the surgeon [9]. The relative risk for re-excision in the ultrasound 
group due to positive margin was 0.82 (95% CI: 0.23, 2.93), and clear 
margins were achieved in 88% (IOUS) and 86% (PGS) (p=0.91) for 
both palpable and nonpalpable breast cancer [11]. Houssami and 
colleagues performed a study-level meta-analysis that included 33 
eligible studies and over 28,000 women with early-stage breast cancer. 
A positive margin was associated with increased Local Recurrence 
(LR) (OR= 2.44; 95% CI 1.97-3.03; p<0.001), even after adjusting 
for the use of a radiation boost or adjuvant endocrine therapy [12]. 
Notably, there was no evidence of a decreased LR risk with increasing 
negative margin widths from 1mm to 2mm to 5mm (p=0.90). 
Analysis of 10-years data from the Breast cancer quality assurance 
project showed an involved margin or margin of 1mm increased 
risk of Locoregional Recurrence (LRR) (HR 3.24,95% CI 1.46-7.17, 
p=0.004) whilst margin 2mm or greater had no effect on LRR [13]. 
These data confirm that even with modern multimodality treatment, 
a negative margin reduces the risk of LR; however, increasing the size 
of a negative margin is not significantly associated with improvement 
in local control.

The cosmetic outcome depends on the volume of tissue excision 
and secondary treatment with radiotherapy. Poor cosmetic outcome 
was observed in up to 30% of patients after BCS [14]. In an extensive 
survey among 963 women treated with BCS for breast cancer, 
cosmetic results were scored as 3.4 on a 5-point scale with from 1 
(very dissatisfied) to 5 (very satisfied) [15]. COBALT trial reported 
IOUS resulted in improvement of cosmetic outcomes within one year 
follow up point. Poor cosmetic outcome rated at the end of follow up 
was 11% for USS and 21% for PGS [9,16].

This study will investigate the margin involvement, excision 
volume of breast tissue and cosmetic outcome and patient satisfaction 
in a breast cancer patient who were treated with Intra-operative 

ultrasound guided Breast conserving surgery.

Methods
Search strategy

After the scoping searches, three bibliographic databases 
(MEDLINE, CINAHL, Cochrane Library online) were searched for 
relevant published and unpublished literature from their inception 
until December 2019. In order to reduce the bias, we tabulated 
searches without search filters or procedure specific keywords that 
would limit results to specific study design or diagnostic groups [17]. 
To fulfil the criteria for structured literature search, Boolean logic 
was used. In addition to searching bibliographic databases, hand 
searching, and citation chaining were performed. This search was 
performed independently by 2 reviewers to increase the validity of 
the results. Duplicating the study selection process reduces both the 
risk of making mistakes and the possibility that selection is influenced 
by a single person’s biases [18]. Region was not limited but language 
was limited (English). This study emphasized effect of ultrasound 
guided BCS on excision volume, margin status and cosmetic outcome 
compared with conventional palpation guided BCS.

Inclusion and Exclusion criteria
Two reviewers independently screened all the titles and abstracts. 

The full-text papers of relevant abstract were obtained and assessed 
according to inclusion criteria. The inclusion criteria were as follow: 
the patients with early palpable breast cancer (T1-T2, N0-N1), who 
were treated with Intra-Operative Ultrasound Guided BCS (IOUS) 
or Palpation Guided BCS (PGS) to evaluate the excisional volume, 
margin status and cosmetic outcome. The randomized controlled 
trials were included in the study.

This review excluded the papers which assessed the nonpalpable 
breast cancer or locally advanced breast cancer, other image- guided 
localization techniques and procedures other than BCS. The studies 
investigating cavity shaving or oncoplastic breast surgery were also 
excluded.

Quality assessment and data extraction
Each paper’s quality was assessed with quality assessment tools for 

randomized controlled trial. The Revised Cochrane risk-of-bias tool 
for randomized trials (RoB 2) and Centre for Research Dissemination 
(CRD) check list were used for individual paper. The information was 
careful extracted from individual studies independently. Thereafter, 
the data extraction was redone at different time and both datasets were 
cross-checked to ensure accuracy and completeness. The following 
variables were extracted from each study: first named author, year of 
publication, study design, type of breast cancer, number of cases and 
control, number of patients with positive margins, specimen volume 
and cosmetic outcomes and sponsorship.

Statistical analysis
After extracting the relevant data according to study inclusion 

criteria, the Cochrane Collaboration review Manager (Rev Man 
5) statistical software were used for data analysis. Continuous data 
(Excision volume) was presented separately with mean, standard 
deviation, mean difference and p value to interpret the final outcome. 
The Standardized mean difference was used to assess the excised 
volume between two groups. It estimates the amount by which the 
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experimental intervention (IOUS) changes the outcome on average 
compared with the control (PGS).

For margin positivity, the Odd Ratio (OR) and Risk difference 
with its variance and 95% Confidence Interval (CI) were estimated 
to assess the association between two techniques. The heterogenicity 
was evaluated by I2 test. I2 value was 0% for positive margin, which 
represents no heterogeneity among these studies. Therefore, fixed-
effect model (The Mantel-Haenszed Method) was used to calculate 
the pooled OR. Forest plots were used to present the outcomes of 
meta-analysis. Publication bias was investigated by Funnel plot.

The cosmetic outcome (patient satisfaction) was estimated with 
OR of having a worse cosmetic outcome based on the propotional 
odds model for ordinal responses. The patient and assessor satisfaction 
were presented with percentage.

Results
After scope electronic and hand search, 84 citations were 

identified. Their titles were assessed for the relevance to the review and 
duplication were removed, resulting in 24 potential citations being 
retained. The abstracts were reviewed for these studies and 7 were 
selected for full article reviews according to inclusion and exclusion 
criteria of the study. One article was rejected after full text review 
because of study protocol. Two relevant poster presentations of RCT 
were identified and requested to authors for full text paper. These two 
papers were not accessible. Hence, these poster presentations with 
insufficient information were rejected from the review. Therefore, 
4 articles were included in the systematic review. Identification of 
included studies is shown (Figure 1). Overall, 207 patients in IOUS 
and 192 patients in PGS were included in the study.

This study will investigate the three outcomes including excised 
volume, margin involvement and cosmetic outcome after Breast 
conserving surgery between intra-operative ultrasound guided and 
conventional palpation method. 

Effect of IOUS on excised volume
The detail of eligibility of studies about the effect of IOUS on 

excised volume of breast tissue in Breast conserving surgery is shown 
in Table 1. All the eligible studies focused on the investigation of 
amount of tissue excised when IOUS was used during surgery, 
compared with surgery without IOUS. 2 out of 4 studies [16,19] 
presented the excisional volume with means (SD) but Vispute et al. 

[20] presented with median, mean and range and Moore et al [21] 
presented with range. Therefore, standardized mean difference could 
not be calculated from the result and unable to combine the study for 
meta-analysis. The remaining 2 studies also had high heterogeneity 
for combined study (Chi2=9.77, p= 0.008, I2= 80%). 

There was statistically significant in less volume excision in two 
studies [18,19] (p=0.048 and p=0.004). The mean excisional volume 
was 89.9 cm3 (53.9) vs 108 cm3 (63.4) and 38 cc (26) 53 cc (33) 
respectively. This was confirmed by Standardised Mean Difference 
(SMD -0.31, 95% CI: -0.62, -0.00 and -0.50, -0.85, -0.16).The SMD less 
than zero favoured experiment group (IOUS) and above zero favoured 
control group (PGS).There was no significant volume difference 
in remaining two studies [20,21], (104 +/- 8 vs 114 +/- 5.6 cm3 vs 
92.3 (6-275 cm3) vs 80.6 (43-350 cm3). All the studies showed that 
volume excised by guidance of ultrasound was less than conventional 
palpation guided excision except in one study. Vispute et al. [20] 
reported no statistically significant difference between IOUS and PGS 

Study Outcome (IOUS)(excision volume) Outcome (PGS)
Summary of findings
Std Mean difference

IV, Fixed, 95% CI
P values

Moore [21] 104+/-8 cm3 114+/-5.6 cm3 Not estimable

Karanilk [19]
89.9 (53.9) cm3 108.1 (63.4) cm3

-0.31 (-0.62, -0.00) 0.048
Mean (SD) Mean (SD)

Volders [16]
38 (26) cc 53 (33) cc

-0.50 (-0.85, -0.16) 0.004
Mean (SD) Mean (SD)

Vispute [20]
92.3 cm3 80.6 cm3

Not estimable 0.101
Mean Mean

Table 1: The study results table for Excised volume.

This table showed excision volume of intra-operative ultrasound guidance and palpation guidance Breast conserving surgery. Each study’s outcome was presented 
with mean (standard deviation), range and standard mean difference, and p-value.
SD=Standard Deviation, IV=Inverse Variance, Fixed=Fixed Effect Meta-Analysis, 95% CI=95% Confidence Interval.

Figure 1: Identification of included studies in a systematic review. Articles 
were selected according to inclusion and exclusion criteria. Full publication of 
Randomised controlled trial was selected for review.
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(p=0.101). The author reflected this finding as a possibly contributed 
by tumour size of participants (average 3.18 cm, 2-5 cm for IOUS, 
1.5-5 cm for PGS) being larger in ultrasound guided BCS group.

Effect of IOUS on margin status
The study result Table 2 shows the detailed eligibility studies of 

the effect of IOUS on margin status. There was a total of 299 patients 
included in the study. A total of 46 patients was reported as positive 
margin involvement. There was a higher rate of positive margin in the 
conventional group (37/192) than in the IOUS group (9/207). 

The Forrest plot in Figure 2 shows an advantage for the 
experimental group (IUOS) over control (PGS). The point estimates 
are all to the vertical axis left, indicating that all studies favoured the 
experimental group. The diamond representing the pooled effect is 
also to the left of the axis. This effect can be seen in the odds ratios 
reported on the left, all less than 1. The result in fixed-effect model 
(OR=0.19, 95% CI: 0.09, 0.41, p=<0.0001) indicated less positive 
margin rate in IOUS group (Figure 2). The odds ratio of 0.19 means an 
81 per cent reduction in odds for patients in the experimental group 
(IOUS). The 95 per cent confidence intervals all overlap, suggesting 

that the degree of heterogeneity is small. This is proved by Chi2= 1.32, 
p=0.72 and I2 =0%, which shows no heterogeneity between studies.

The overall risk difference indicated that the risk of positive 
margin was lower in the IOUS group than in the conventional 
group (Risk difference= -0.15, 95% CI: -0.21, -0.02, p=<0.0001). 
The risk of a positive margin in the IOUS group is 15% lower than 
the conventional PGS group. All 95% confidence interval overlap 
and Chi2 test confirmed that there is no heterogeneity among these 
studies (p=0.58, I2= 0%) (Figure 3). 

The asymmetry of the funnel plot Figure 4 shows bias among the 
studies. A small number of studies and their sample variation may 
lead to an association between intervention effect and standard error. 
‘Tests for funnel plot asymmetry should not be used when there are 
fewer than ten studies in the meta-analysis because test power is 
usually too low to distinguish chance from fundamental asymmetry 
[22]. Therefore, a further evaluation of asymmetry was not performed.

Effect of IOUS on cosmetic outcome
Table 3 showed the summary results of all the studies for the 

cosmetic outcome. Although all the studies investigated satisfaction 

Study
Outcomes (Positive margin)

IOUS
Number (percentage) 

Outcome (Positive margin)
PGS

Number (percentage) 

Summary of finding
OR (95% CI) 
RR (95% CI)

 (MH, Fixed, 95% CI)

Moore [21] 1 (3.5%) 7 (29%)
0.09 (0.10, 0.87)

0.13 (0.02,0.96)

Karanilk [19] 5 (6%) 14 (17%)
0.30 (0.10,0.87)

0.34 (0.13,0.90) 

Volders [16] 2 (3%) 12 (17%)
0.13 (0.03,0.60)

0.16 (.04,.67)

Vispute [20] 1 (3.22%) 4 (14.28%)
0.19 (0.02,1.85)

0.22 (0.03,1.84) 

Table 2: The Study Result table for Margin status.

This table showed the number (Percentage) of patients with a positive margin after Breast-conserving surgery guided by ultrasound and palpation. Summarized the 
finding with Odd Ratio (OR) and Relative Risk Ration (RR). OR= Odd Ratio, RR= Relative Risk, MH=Mantel-Haenszel odds ratio for dichotomous data, Fixed = Fixed 
effect meta-analysis for generic inverse variance outcome, 95% CI= 95% confidence Interval.

Figure 2: Effect of IOUS on positive margin rate (Pooled OR). Comparison of positive margin in intra-operative ultrasound and palpation guided Breast-conserving 
surgery. The value represents OR (95% CI), and the diamond representing the pooled effect is to the left of the axis, indicated a reduction in positive margin rate 
in IOUS. I2= Heterogeneity, CI= Confidence Interval.
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and cosmetic outcome by assessor and patient, the result was reported 
at different time points. Therefore, combining the data has not been 
appropriate for a meta-analysis. The overall cosmetic outcome was 
statistically significant in Volders et al. [16] study (OR=0.53, 95% 
CI: 0.28, 0.99, p=0.048) when a comparison made between the two 
methods. This study showed the odds of the worse cosmetic outcome 
were no difference after one year (OR= 1, 95% CI: 0.74, 1.36, p= 
0.988). The remaining three studies, the p-value of >0.05, suggested 

no significant difference in satisfaction between IOUS and PGS. At 
two weeks, the cosmetic outcome reported not statistically significant 
between IOUS and PGS (p=0.90) [21]. At 3 months, COBALT 
study reported statistically significant better outcome with IOUS 
(OR=0.39, 95% CI: 0.29, 0.54, p=<0.001) [22]. But Vispute et al. 
[20] reported no difference in outcome (p=0.83). The assessors and 
patients’ agreement were assessed by Kappa (0.3252), which showed 
strong agreement between the two. At 6 months, one study reported 
statistically significant better cosmetic outcome with IOUS (OR=0.35, 
95% CI: 0.35, 0.65, p=<0.001) [21]. Karanilk et al. [19] reported good/
excellent outcome by assessor as 94% vs 92%. However, there was 
no statistically significant difference (p=0.54) between IOUS and 
PGS at six months. Patients were not involved in outcome analysis. 
In principle, the cosmetic outcome is directly associated with the 
excisional volume and timing of assessment. In these studies [20,21], 
there was no significant difference in cosmetic outcome due to 
an insignificant difference in volume excision between IOUS and 
PGS. Early evaluation of patient satisfaction does not reflect the 
long-term cosmetic outcome [5]. The cosmetic outcome evaluation 
at a two-week post-operative period cannot be generalized for the 
breast cancer population undergoing breast-conserving surgery. 
The patients’ satisfaction was not performed in Karanilk et al. study 
[19], while the cosmetic outcome was not assessed by professionals 
in Moore et al. study [21]. There were different scoring systems for 

Figure 3: Effect of IOUS on positive margin rate (Risk Difference). Comparison of positive margin in intra-operative ultrasound and palpation guided Breast-
conserving surgery. The value represents RD (95% CI), and the diamond representing the pooled effect is to the left of the axis indicated a reduction in positive 
margin rate in IOUS. The risk of bias is reported on the right of the Forrest plot. I2= Heterogeneity, CI= Confidence Interval.

Study
Outcomes

Time to event
Post op

Satisfaction
IOUS
N (%)

Satisfaction
PGS
N (%)

Summary of finding
OR (95% CI) P value

Moore [21] 2 weeks 25 (92.6%) 22 (91.7%)  0.9

Karanilk [19] 6 months 67 (94%) 55 (92%) 0.54

Volder [16]

36 months -74% -65% 0.53 (0.28-0.99) 0.048

6 months   0.48 (0.35-0.65) <0.001

3 months   0.39 (0.29-0.54) <0.001

Vispute [20]  30 (85.6%) 24 (86.6%) 0.83

Table 3: The study Result table for the cosmetic outcome.

Comparison of overall satisfaction of cosmetic outcome between IOUS and palpation guided BCS groups. The significance of statistical difference showed with p-value.
N=Number of patients, %= percentage of patients, OR= odd ratio, 95% CI= 95% confidence interval.

Figure 4: Funnel plot of the studies reported a positive margin in Breast-
conserving surgery; investigating for bias among studies.
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each study showed in Table 4. Table 5 showed overall satisfaction 
by assessor was higher with an ultrasound-guided procedure in all 
studies. The Cosmetic appearance had no statistically difference at 
three year after exclusion of patients who underwent mastectomy 
(OR=1.1, 95% CI 0.65, 1.94, p= 0.67) [16].

There was 12%, 51%, 47% and 13% reduction in odds for worse 
cosmetic outcome in patients from IOUS group [16,20,21] (Table 
6). There was no statistically significant difference in patients’ 
satisfaction between 2 groups at different time points at all studies. 
Patients had more satisfaction with the cosmetic outcome than 
dissatisfaction in both IOUS and PGS group. Volders et al. reported 

Study Patients 
satisfaction

Assessor
Method for Patient’s satisfaction Method for cosmetic outcome

Yes/no No of assessor

Moore [21] yes No - Questionnaire Scale 1-5 -

Karanilk [19] no yes 2 (Blinded) -
Harvard Cosmetic scales

Poor/fair/good/excellent

Volders [16] yes yes
3 (Blinded) Likert score Likert score

BCCT. core (very satisfied, satisfied, dissatisfied, very 
dissatisfied) Poor/fair/good/excellent

Vispute [20] yes yes 2 (not Blinded)
Visual Analog scale

Fair/good/ excellent(very satisfied, satisfied, dissatisfied, very 
dissatisfied)

Table 4: The methods of cosmetic assessment.

This table showed cosmetic assessment methods by patients and assessors for each study.

  Study Name Study Name Study Name

Cosmetic outcome Vispute (2018) at 3 months Volders (2017) at 3 years Karanlik (2015) at 6 months

IOUS PGS IOUS PGS IOUS PGS

Excellent 43.80% 30.80% 38% 42% 94% 92%

Good 43.80% 55.80% 24% 12%  

Fair 12.50% 13.50% 27% 25%  

Poor NA NA 11% 21%  

Table 5: Cosmetic outcome by an assessor.

Comparison of percentage of satisfaction of cosmetic outcome accessed by assessors between IOUS and palpation guided BCS.

 Study Name Study Name Study Name Study Name

Cosmetic outcome Vispute (2018) at 3 months Volders (2017) at 12 months Volders (2017) at 3 years Moore (2011) at 2 weeks

IOUS PGS IOUS PGS IOUS PGS IOUS PGS

Very satisfied 38% 46.90% 43% 26% 45% 38.50% 92.60% 91.70%

Satisfied 24% 46.90% 47% 54% 29% 53.80%   

Dissatisfied 27% 6.30% 8% 7% 23% 7.70%  

Very dissatisfied 11% - 3% 13% 3% -  

Overall OR (worse outcome) 0.87 (0.11,6.59) 0.49 (0.22,1.10) 0.53 (0.28,0.99) 0.88 (0.17,2.56)

Table 6: Cosmetic outcome by Patients.

Comparison of percentage of patient’s satisfaction with cosmetic outcome between studies. Each study reported the worse outcome with an overall Odds Ratio (OR) 
with a 95% confidence interval.

Study Age BMI Stage of tumour Type of tumour

Moore [21] Not specified Not specified Not specified Not specified

Karanilk [19] 0.25 0.8 0.26 0.62

Volders [16] 0.124 0.685 0.523 0.42

Vispute [20] - - Not significant -

Table 7: Overall patient characteristics, tumour characteristic and outcome.

Age, BMI, stage of tumour and type of tumour for each study was compared, and statistically significant was demonstrated with a p-value.

that the dissatisfaction rate was higher in patients who needed further 
procedure for the involved margin (p=<0.001). Comparison of 
patients and tumour characteristics between IOUS and PGS showed 
no significant difference (Table 7).

Discussion
Breast-conserving surgery is the preferred first treatment for 

early breast cancer to remove the tumour with negative margins 
altogether while achieving a reasonable cosmetic outcome [5,6]. Wire 
localization breast-conserving surgery is a widely accepted procedure 
for impalpable breast cancer. For palpable breast cancer, surgeons 
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rely on pre-operative imaging and their surgical skill and experience. 
During either of these procedures, obtaining a negative margin while 
excising the small volume of breast tissue is a challenge for surgeons as 
they strive to achieve good oncological and cosmetic outcome at the 
same time. The removal of a large volume of breast tissue can result 
in poor cosmetic outcome [5,6]. Histologically involved margins at 
the first operation remain a significant issue with no pre-operative 
assessment tool being available to help minimize this risk. There is 
no standardized technique for assessment of the margin status intra-
operatively for palpable breast cancer. The most effective method to 
minimize the positive margin rate during first operation has not been 
agreed upon.

Direct visualization of the tumour with intra-operative ultrasound 
can help surgeons obtain a clear surgical margin [9]. Ultrasound is 
readily available and less expensive when compared with other modern 
imaging technologies. The ultrasound technology has advanced 
in recent years. This study used systematic review methodology to 
investigate and compare the effect on excision volume, margin 
involvement and cosmetic outcome in intra-operative ultrasound-
guided Breast-conserving surgery and conventional palpation guided 
Breast-conserving surgery in patients with early palpable invasive 
breast cancer.

The rate of a negative margin of breast cancer was significantly 
higher with the IOUS group than PGS (OR= 2.75, 95% CI: 1.66, 
4.55, p= 0.193) for both palpable and nonpalpable breast cancer [10]. 
The re-excision rate was lower with ultrasound-guided surgery (6%, 
4.8%) when compared with palpation guided surgery (17%, 15.2%) 
[19]. Our systematic review and meta-analysis demonstrated that the 
positive margin rate is significantly less in intra-operative ultrasound 
guidance Breast-conserving surgery.

A positive margin, defined as ink on the tumour, is associated 
with a significant increase in Local Recurrence (LR) risk and warrants 
consideration of further surgery. The adjusted re-operation rate 
among 156 NHS Trusts for BCS was 12.2% and 30.2% [23]. Patients 
undergoing re-excision for closed or involved margins have only a 
30% incidence of residual cancer at re-excised tissue [24].

This study reviewed the impact of intra-operative ultrasound on 
excisional volume. Overall excision volume is less in the IOUS group. 
Excess breast tissue excision was better determined by the Calculated 
Resection Ratio (CRR). There is striking evidence that CRR was 
reduced in IOUS guided Breast-conserving surgery [21,24,25]. 
However, this study could not evaluate that because the CRR was 
not presented in most studies, and there was a variation of data 
presentation among assignments.

Methods to assess cosmesis following breast-conserving surgery 
are varied, and it is difficult to compare the scores. The cosmetic 
outcome was better with IOUS at time point follow up period of 3, 
6, 9 and 12 months [26]. This finding agreed with the COBALT trial 
result [9,16,24]; however, there is conflicting evidence among studies 
regarding the cosmetic outcome. The postoperative follow up was 
varied from 2 weeks to 41 months among included RCTs. Therefore, 
interpretation of combined cosmetic outcome was not possible. In 
our study, the overall percentage of patients and assessors’ satisfaction 
is still higher than dissatisfaction in the IOUS group.

Ultrasound is accurate, simple with low procedure-related risk 
when compared to other localization techniques. With the proper 
training and supervised practice, surgeons can learn to perform 
an ultrasound guidance procedure to incorporate into their daily 
routine. This comprehensive skill can reduce the positive margin 
rate, increased surgical accuracy and reduce the re-excision rate 
[26]. This will reduce the pressure on the theatre list and financial 
burden to the hospitals and positively impact patients. The use of 
intra-operative ultrasound by breast surgeons is low. Breast surgeons 
should be trained to perform an ultrasound to become confident to 
use it during surgery in suitable cases to reduce positive margin rate 
and re-excision rate.

The ultrasound can be used alongside other intra-operative 
margin assessment methods (MarginProbe, specimen X-ray) to 
reduce the positive margin rate, especially in the tumour associated 
with DCIS. The Oncoplastic Breast Surgery (OPBS) alone showed 
11.9% positive margins and a 91% breast conservation rate [27-29]. 
Combined IOUS with OPBS can reduce the positive margin rate; 
this needs a better design randomized control trial to investigate the 
outcome. 

There are some limitations to this systematic review and meta-
analysis. Firstly, only a limited number of articles was reviewed in this 
study due to a lack of RCT regarding the focus question. Secondly, 
the sample size of some studies was small and not fulfilled its sample 
size requirement. Thirdly, a meta-analysis could not be performed for 
excisional volume and cosmetic outcome due to high heterogeneity 
among studies. Finally, findings from this review only represented an 
early palpable breast cancer population.

In summary, the relevant data was extracted for synthesis and 
analysis using appropriate methods to conclude. This study supported 
the better oncology outcome due to a less positive margin using intra-
operative ultrasound in breast cancer patients. There is no statistically 
significant difference in excisional volume, although less volume was 
excised in the IOUS group. Overall, satisfaction exceeds dissatisfaction 
with ultrasound-guided Breast-conserving surgery. However, there is 
insufficient evidence to support the better cosmetic outcome in the 
IOUS group. Further research will be needed to compare the actual 
cosmetic outcome differences between groups.
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