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Abstract 

Background: Neoadjunvant chemotherapy has become a challenging connotation for both surgeons and radiolo-
gists due to the high clinical response up to dramatic pathological complete response (pCR) that may hinder proper 
localization of any residual tumoral tissue. So the radiopaque markers implantation at the tumor bed became a reli-
able and recommended method for tumor localization before surgical intervention or NAC. Many types of commer-
cial clips and markers are available; however they are relatively of high cost and represent a considerable burden on 
the governments and the heath institute that made the researchers study cheaper alternatives as standard titanium 
based cholecystectomy surgical clips for tumor localization.

Results: The study was conducted on 45 patients where 57 clips were inserted corresponding to number of lesions 
found in the total number of the patients. The response to Neoadjunvant chemotherapy was recorded and showed 
that 6 patients (about 13.3%) had complete radiological response after NAC, while 27 patients (60%) had regressive 
course after the treatment. The low cost surgical clips were evaluated by using sono-mammography and magnetic 
resonance imaging, and complications that occurred were recorded. Our study showed that in only 2 patients (3.5%) 
there was difficulty in clip visualization by Ultrasound during post-treatment follow up. In 45 patients, all the inserted 
clips (100%) were well visualized as small signal void on MRI at both T1WIs and T2WIs sequences, and the primary 
malignancy was easily visualized on both MRI and sono-mammography not interfering with the image interpreta-
tion and judgment. As regards the reported complications, our results revealed that in only 2 patients (3.5%) there 
was evidence of positive clip migration, while only 2 patients (3.5%) developed hematoma during the procedure as 
shown by ultrasound, Also 4 patients (7%) complained of pain only shortly after clip insertion. No other significant 
complications like infection or heat sensation developed either during the procedure or during MRI. The total price of 
the surgical clips was calculated with average cost of the needle about 10 US$ equivalent to 170 LE Egyptian pounds 
and the clip about 1.3 US$ or 20 Egyptian pounds, which is considered of lower cost when compared to the commer-
cial breast markers of different companies with an estimated price range for clip = 75–200 US$ (average 90 US$). So 
insertion of surgical clips saved about 1135 Egyptian pounds equivalent to 73–75 US$ per clip placement.

Conclusion: We concluded from our study that the use of breast markers are mandatory before NAC where Surgical 
clips can safely substitute the commercial tissue markers as tumor localizers as they are effective, safe, well tolerated, 
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Background
Breast malignancy is one of commonest tumor affect-
ing women, representing 31% of overall tumors affect-
ing the female population. Also, 10% of the females 
have the risk of developing breast cancer at some stage 
in their life [1], The rate of breast cancer in women is 
increasing each year while the age at initial diagnosis 
is shifting to a younger age and the increase in breast 
cancer incidence is accompanied by an increase in the 
clinician and researchers concerns in the improvement 
of diagnostic and therapeutic tools [2].

The treatment options determining the therapeutic 
choice in primary breast cancer patients are becoming 
variable. And new therapies are now added to the usual 
chemotherapy regimens resulting in dramatic change in 
the treatment strategies of breast cancer over the past 
decade [3].

Neoadjuvant chemotherapy (NAC) is now consid-
ered the standard of care for breast cancer patients 
with operable or inoperable tumors [1], the values of 
NAC appeared in decreasing the mortality incidence, 
changing the surgical approach as the use of breast 
conservative surgery (BCS) and converting the inoper-
able lesions into operable ones. It also assisted in early 
detection of tumor response to therapy and tumor biol-
ogy of breast cancers [4].

Multiple studies demonstrated high clinical response 
rate to the NAC with success rates reaching to about 
80–90%. The response of breast cancer to NAC 
assessed using pathologic complete remission (pCR) 
and in some patients complete clinical, radiological and 
pathological response can be attained following NAC 
[2], this dramatic pCR may hinder proper localization 
of any residual tissue by the radiologists or the surgeon 
[1].

If complete tumor response can be achieved, accurate 
and reliable detection of the tumor bed after NACT by 
radiology and pathology is required. The use of radi-
odense marker clips has been shown to be an effective 
and reliable method to identify the region of interest. 
The clip can be detected by either ultrasound or mam-
mography, and wire marking of the already inserted clip 
can be performed to guide the surgeon to the tumor 
bed [2].

For this reason, the international breast cancer spe-
cialist panel in 2006 and 2010 announces the impor-
tance of radiopaque marker localization into the breast 

cancer before the start of NAC or before surgical resec-
tion (even reconstructive surgery) in patients who 
received NAC [2].

Application of breast markers adds more progress in 
the field of interventional radiology in concerns with 
breast cancer as such clips are inserted using the ultra-
sound-guided technique [5].

Although there are many types of commercial clips 
and markers: however, they are relatively expensive and 
represent quite a considerable economic burden that 
encourages the researchers to search for other lower cost 
alternatives such as titanium cholecystectomy surgical 
clips [5]. Titanium-based metallic clip markers are used 
in many parts of the world for tumor localization and 
they are placed within the tumor under image guidance 
either mammography or sonography [2].

Aim of the study
Our study aimed to investigate the feasibility and cost 
effectiveness of using sonographically-guided indigenous 
low-cost surgical clips as tumor localization markers by 
sonomamography and Magnetic resonance imaging, this 
including their complications and influence on the imag-
ing assessment after NAC.

Patients and methods
A prospective study conducted on patients who were 
referred to the Radiology Department, with pathologi-
cally proved malignant breast lesion/s for clip insertion.

Inclusion criteria:

• All adult Female patients with histopathologically 
proven breast carcinoma (BIRADS VI) who were 
scheduled to undergo NAC with early stage disease 
were included (up to stage II).

Exclusion criteria:

• Patients with locally advanced breast cancer or stage 
IV disease will be excluded.

• Patients with a high bleeding profile or patients with 
no available histopathological data for the breast 
lesions will be excluded from the study (Fig. 1).

• Patients with contraindications to intravenous MRI 
contrast administration, e.g.: allergic to IV contrast, 
high serum creatinine, low GFR or severe renal 
impairment.

easily visualized on imaging and do not interfere with assessment of the treatment response, with no evidence of 
complications and are of low cost compared with the commercial breast clips.

Keywords: Breast cancer, Neoadjunvant chemotherapy, Surgical clips
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• Patients with contraindications to MRI as: claustro-
phobic patients, high grades of obesity may not be fit 
with certain MRI machines, pace makers or metallic 
artifact.

• Recurrent cases and pregnant females.

Ultrasound guided clip insertion was done using dis-
posable Guillotine biopsy needle 14 G × 20  cm GTA®, 
with continuous real-time scanning during needle place-
ment (Fig. 2). The needle stylet is removed and fit single 
GRENA® surgical titanium ligation clip into the bore of 
the needle transducer. The coaxial needle was advanced 
along the anesthetized track. Attempts should be made 
to identify the needle as soon as it enters the breast. It 
is imperative to know where the tip of the needle is at all 
times, thereby precluding the possibility of inadvertent 
puncture of an unintended structure (i.e., the chest wall). 
If the transducer and the needle maintain the same lon-
gitudinal axis, complete needle visualization is ensured. 
The stylet was used to deploy the 2–4 mm titanium clip 
into the center of the lesion followed by removal of the 
biopsy needle with the stylet. The clip is inserted in the 
center of the lesion and if there were the multiple or 
large breast cancers, additional clips were placed for 
lesion extent bracketing as per the radiologist’s judg-
ment. Then sono-mammography was done immediately 
after clip insertion for confirmation of the site of the clips 
and exclusion of any immediate complications, and after 
that the patients started neoadjunvant chemotherapy 
regimen.

Breast magnetic resonance examinations was per-
formed at the start of the Neoadjunvant chemotherapy, 
using a 1.5  T machine (Achieva and Ingenia, Philips 
medical system, Eindhoven, Netherlands) using phased 

array breast coil with IV gadolinium injection with a 
dose of 0.1  mmol/kg (or 0.2  mL/kg) and a flow rate of 
1–2 mL/s flushed by 20 mL of physiological saline. Slice 
thickness was less than or equal to 3 mm with pixel size 
less than 1  mm on each side. Acquisition time was less 
than 2  min as the mean enhancement time of a malig-
nant tumour is between 90 and 120  s. Morphological 
sequences was taken as follows: T2W-TSE (AXIAL), 
T1W-TSE (AXIAL), STIR sequences (AXIAL), Dynamic 
T1-weighted gradient echo after IV gadolinium injec-
tion, T1W-TSE + C, SAG-LT + C SENCE, SAG-RT + C 
SENCE, COR + C SENCE, Diffusion-weighted imaging 
(DWI SSh) and ADC.

Images acquired were evaluated for the following 
parameters: lesion morphology and extension, the degree 
of artifact exerted by the clips and its effect on charac-
terization of the lesion and location of clip.

The initial and follow up by sono-mammography after 
finishing the NAC was performed by Logic P9 ultrasound 
machine (GE—General Electric Healthcare—USA) with 
a high frequency linear array transducer 8–15  MHz 
and senographe pristina, GE healthcare mammography 
machine with the mean time interval between the inser-
tion of the clip to preoperative follow up sonomammog-
raphy was about 24 weeks ± 2 weeks (about 6 months or 
after about 8 sessions of NAC). The follow up sonomam-
mography was assessed for: location of the clips and 
exclusion of any complications as clip migration by com-
paring the distance of the clip to the last sonomamog-
raphy done before NAC on three coordinate points on 
mammography film (distance from the nipple, from the 
skin and from the muscle), displacement was recorded 
if there was > 1  cm difference in the clip position, and 
finally the effect of the clip on the image interpretation 
and the assessment of response to treatment according 
to RECIST criteria (Response evaluation criteria in solid 
tumors) (Tables 1, 2).

Patients with lesions no more palpable by the surgeons 
after the treatment were referred back to the Interven-
tion radiology department for pre-operative wire locali-
zation over the already placed clips.

Cost-effectiveness was determined by calculating the 
cost of the surgical clips and that of the commercial 
metallic markers, while cost saving was calculated by 
comparing the two values.

Statistical analysis
Recorded data were analyzed using the statistical pack-
age for social sciences, version 20.0 (SPSS Inc., Chi-
cago, Illinois, USA). Quantitative data were expressed as 
mean ± standard deviation (SD). Qualitative data were 
expressed as frequency and percentage.
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The following tests were done:

• Chi-square (× 2) test of significance was used in 
order to compare proportions between qualitative 
parameters.

• The confidence interval was set to 95% and the mar-
gin of error accepted was set to 5%. So, the P value 
was considered significant as the following:

• Probability (P value)

• P value < 0.05 was considered significant.
• P value < 0.001 was considered as highly signifi-

cant.
• P value > 0.05 was considered insignificant.

Fig. 2 Schematic diagram of the preoperative ultrasonography (US) guided surgical clip insertion. A The coaxial guiding needle with an inner stylet 
and surgical clips. B Under US-guidance (blue), the coaxial guiding needle (white) is inserted into the center of the breast cancer (pink), and one or 
two clips (black) are passed through. The inner stylet (light blue) is reinserted for pushing the clip (Quoted from Young et al. [1])

Table 1 Post-placement ultrasound clip assessment among 
study group 

** high significant difference

Ultrasound 
assessment

No % x2 P value

Clip visualization

 Yes 57 100.0 113.000 < 0.001**

 No 0 0.0

Clip artifact

 Yes 18 31.6 31.779 < 0.001**

 No 39 68.5

Assessment of lesion morphology

 Yes 0 0.0 113.000 < 0.001**

 No 57 100.0

Table 2 Ultrasound clip assessment after treatment among 
study group

** high significant difference

Ultrasound 
assessment

No % x2 P value

Clip visualization

 Yes 55 96.5 91.525 < 0.001**

 No 2 3.5

Effect on assessment of TTT response

 Yes 0 0.0 113.00 < 0.001**

 No 57 100.0

Assessment of lesion morphology

 Yes 0 0.0 113.00 < 0.001**

 No 57 100.0
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Results
The study was conducted on 45 patients with a wide 
age group ranging from 28 to 64  years, (mean age of 
46.42 ± 9.87  years), with total number of inserted clips 
were 57 corresponding to number of lesions found in the 
total number of the patients.

Our results showed that 6 patients (about 13.3%) had 
complete radiological response after NAC; in addition 
27 patients (60%) had regressive response after the treat-
ment (Table 3).

As regards sonomamographgic assessment of breast 
clips, In 55 lesions (96.5%) the clip was easily visualized 
as linear hyperechoic structure compared to 2 lesions 
(3.5%) showed difficulty in clip visualization by ultra-
sound during the follow up study after the treatment. 
Also our results showed that in 18 lesions (31.6%) there 
was clip artifact with posterior acoustic shadowing, yet 
not interfering with images interpretation or assessment 
of the treatment response.

As regards MRI, the results showed that in 45 patients 
(100%) all the surgical clips created a small signal void 
on MRI which was more appreciated at both T1WIs and 
T2WIs sequences, however, the primary malignancy was 
easily visualized on MRI and not affecting with the image 

interpretation and judgment as regards the characteriza-
tion of the lesion or the pattern of enhancement (Fig. 3).

As regards the complications, in only 2 patients (3.5%) 
there was evidence of positive clip migration during the 
preoperative follow up yet not interfering with the judg-
ment upon the tumor assessment and response to NAC. 

Table 3 Assessment of treatment response distribution among 
study group

** high significant difference

Prognosis No % x2 P value

Stationary

 Yes 10 22.2 11.112 0.009*

 No 35 77.8

Regressive

 Yes 27 60.0 39.778 < 0.001**

 No 18 40.0

Progressive

 Yes 2 4.4 2.002 0.157

 No 43 95.6

Radiological complete response

 Yes 6 13.3 6.340 0.012*

 No 39 86.7
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Only 2 patients (3.5%) were complicated with hematoma 
immediately during the procedure as shown by ultra-
sound, Also 4 patients (7%) complained of Pain only 
shortly after the procedure (Fig. 4).

The study was conducted on a wide cost of surgical 
clips for each patient ranging from 10 to 32 US$ equiv-
alent to 170 to 510 Egyptian Pounds, (mean cost of 
13.89 ± 6.777 US$ equivalent to 215.33 ± 105.05 Egyp-
tian Pounds), with the average cost of the needle = 10 
US$ (170 LE Egyptian pounds) and the clip = 1.3 US$ 
(20 Egyptian pounds). When compared to the commer-
cial breast markers with an estimated price range for 
clip = 75–200 US$ (average 90 US$). So application of 

surgical clips saved about 1135 Egyptian pounds equiva-
lent to 73–75 US$ per clip (Fig. 5).

Discussion

• The study that we carried stands out the potential 
role of using low cost titanium surgical metallic clips 
for tumor localization in patients planned for neoad-
junvant chemotherapy (NAC) before surgical treat-
ment.

• Breast cancer is disease with heterogeneous etiology 
associated with different characteristic histological 
and biological features, clinical presentations, and 
therapeutic responses. The most common type of 
breast carcinoma is the so called invasive ductal car-
cinomas [6]. That was in agreement with our results 
that showed the most frequent pathological type of 
breast cancer seen among the studied group was IDC 
grade I, followed by IDC grade II and last IDC grade 
III (Figs. 6, 7).

• NAC is considered a cornerstone step in the treat-
ment of breast carcinoma especially in its early 
stages, as it results in decreasing the mortality inci-
dence, changing the surgical approach with bet-
ter surgical outcomes by conserving the breast by 
breast conservative surgery (BCS) or lumpectomy 
instead of for example modified radical mastectomy 
(MRM), convert the inoperable lesions into oper-
able ones, lessening the unfavorable postoperative 
complications and improving cosmetic outcomes 
[7]. It also assists in early detection of tumour 
response to therapy and tumour biology of breast 
cancers [4].

• In one systematic review of neoadjuvant chemo-
therapy for operable breast cancer, patients receiving 
neoadjuvant chemotherapy had a lower mastectomy 
rate than those undergoing surgery before adjuvant 
chemotherapy [8].

• The National Cancer Comprehensive Network 
guidelines recommend clip insertion before NAC, as 
the radiologists cannot predict the exact outcome of 
NAC which may be adequate enough up to complete 
radiological response associated with difficult identi-
fication of the tumor site by the surgeon during sur-
gery.

• As NAC has become more common, breast markers 
become more essential as it help in identification of 
tumor bed especially with cases with complete radio-
logical response. Markers can be removed with the 
cancerous lesion or left in place after surgery without 
serious complications [9].
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• In Our study, we tried to use the surgical clips as sub-
stitute of the commercial breast markers aiming to 
reduce the cost of this procedure. There have been 

many types of commercial breast markers launched 
by different companies. Lobbes et al. [4], found that 
cheaper surgical clips be made of safe materials as 

Fig. 6 40-year-old patient with recently pathologically proven invasive ductal carcinoma (IDC) grade II, planned for neoadjuvant chemotherapy 
came for metallic clip placement. Breast sonomamgraphy after clip placement a1 CC View, a2 MLO view and b ultrasound images showing the 
surgical clip seen within the upper outer quadrant mass lesion with no significant clip artifact interfering with the image interpretation or evidence 
of instant complications. MRI both breasts c1 T1WIs, c2 T2WIs and c3 post contrast images done after one month of clip insertion and after start 
of neoadjunvant chemotherapy showing small signal void due to the clip observed in the center of the proven malignant lesion yet there was no 
difficulty in characterization of the lesion. After completing the course of neoadjuvant therapy, follow up sonomamography was done d1 CC views, 
d2 MLO view and d3 ultrasound images showing the regressive course as regards the right side upper outer breast lesion where the surgical clips 
are seen at the lateral end of the remaining lesion as seen on the ultrasound images where the clip seen in-place on sonomamography images 
which proves to be a pseudo-displacement
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titanium, have been approved by the KFDA (Korea 
Food & Drug Administration).

• In Our study, the surgical clips were inserted by 
needle used in the Core breast biopsy (Core needle 
biopsy CNB) by US-guided automated technique 
using a commercial coaxial guiding needle. This was 
in agreement with Hassan et al. [2], who used dispos-
able Guillotine biopsy needle 16G x 20  cm GTA® 
with the similar automated technique that is similar 
to the core breast biopsy technique that is considered 
a safe easy procedure done completely under real-
time ultrasound surveillance to identify the desired 
location for the surgical clips with an estimated time 
of the whole procedure about 6–10 min.

• The surgical breast marker can be placed at the 
(CNB) performed site where there is no tissue injury 
due to repeated insertion and less bleeding with 
lower probability of tumor cell seeding. Kaufmann 
et  al. [9], found that on performing on-site clipping 
immediately after CNB both the medical costs and 

procedure time can be lower than those of the two-
step clipping procedure.

• US-guided CNB technique is performed with real-
time imaging surveillance which is considered as a 
relatively safe method with few reported complica-
tions or adverse events. Therefore, the insertion pro-
cess itself is not considered an onerous duty by breast 
radiologists [1].

• Our study was based on the hypothesis that radio-
paque markers can replace commercial breast mark-
ers for tumor localization as well as for the assess-
ment of tumor response after NAC, yet without 
interfering with radiologic multimodality evaluation 
including sono-mammography and MRI, with no 
significant complications and with lower cost. That 
what was illustrated as follows.

• As regards the complications of the clip; the migra-
tion of surgical clips and related complications can be 
a limitation of surgical clip insertion. Clip migration 
may occur immediately after biopsy or may be seen 
on later follow-up sono-mammograms [1].

Fig. 6 continued
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Fig. 6 continued
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• In our study only 2 patients (3.5%) showed radio-
logical evidence of clip displacement where there 
were > 1  cm difference between the distance of the 
clip at the pretreatment sonomamography and fol-
low up sono-mammography after NAC, yet not 
interfering with image interpretation. Those results 
were close to Hassan et  al. [2] study, who used US 
guided inserted surgical clips followed by follow up 
sono-mammography after treatment, and reported 
two cases representing about 6.25% with positive clip 
migration.

• In our study, from the cases that showed regressive 
course regarding the size of the lesion, two cases had 
evidence of clip displacement. In those two cases 

there was no change in the clip distance measured at 
the mammography images on three different quad-
rants (distance from skin, from areola and from chest 
wall), only the displacement was noted on ultrasound 
images, which confirms that the clip did not move, 
but the primary lesion changed in size in relation to 
the clip.

• That was explained by Lee et  al. [10] who found 
that the cause of clip migration is the change of the 
size and shape of the tumor in which the clip was 
deployed after NAC or radiotherapy, which may be 
misinterpreted as clip migration.

• Our result wasn’t in agreement with Hassan et  al. 
[2], and Margolin et  al. [11] who explained the 

Fig. 7 37-year-old patient with left breast lump, recently pathologically proven invasive ductal carcinoma (IDC) grade II came for clip insertion 
before the start of chemotherapy, Breast sonomamography after clip placement a1 CC view, a2 MLO view and b1 ultrasound images showing the 
surgical clip seen within the left breast lobulated hypoechoic mass (b2) with an adjacent smaller satellite lesion with a clip seen inside, yet both 
clips show no artifact interfering with images interpretation. MRI of both breasts c1 T1WIs first clip inside lesion c2 T1WIs second clip and c3 post 
contrast) done showing a signal void of two metallic surgical clips seen at UOQ, still seen inside two left sided ill-defined speculated malignant mass 
lesions showing evidence of post contrast enhancement. After completing the course of neoadjuvant therapy, follow up sonomamography was 
done d1 and d2 shows two surgical clips still noted in left breast solid masses showing regressive course as regards the size with the clips still seen 
in the same site compared to the previous studies
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Fig. 7 continued
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cause of the clip migration due to predominant 
fatty elements of the breast tissue ACR (a) which 
may cause redundant breast tissue and low tissue 
resistance. But the point of disagreement was that 
the two cases in our study with positive migration 
had a heterogeneous breast tissue categorized as 
ACR (c), which couldn’t explain the cause of dis-
placement in our study.

• There are different breast cancer types, but the 
most common type of breast carcinoma is so called 
invasive ductal carcinomas and in most of the cases 
breast cancer appears as solid irregular or specu-
lated lesions with some lesions may show areas of 
cystic degeneration or necrosis. The variations in 
breast density, tumor composition as solid with or 
without or cystic degeneration or necrosis and con-
sequently the tissue resistance was seen to be a fac-
tor affecting the degree of clip migration. The low 
tissue resistance as in fatty breasts may allow clips 
to easily migrate by interfering with the fixation of 
surgical clips especially after decrease in the size of 
the mass which is an important factor for clip fixa-
tion and stability.

• Previous studies on clip migration as Hassan et al. 
[2], and Margolin et  al. [11] have shown that clips 
move more easily in fatty breast tissue; however, 
Carolyn et al. [12] showed that some of this appar-
ent migration may be also due to the greater pliabil-
ity and mobility of the fatty breast. However, clips 
are generally inserted into the center of the mass or 
the most solid component with higher tissue resist-
ance because of its solid nature. Thus, the chance of 
clip migration should be lower.

• Results also shows that, there were only 2 patients 
(about 3.5%) had hematoma during the procedure as 
shown by ultrasound, and only 4 patients (7%) com-
plained of pain shortly after the procedure.

• Our results revealed that the rest of the patients had 
no evidence of pain or heat sensation either during 
the procedure or during MRI, also the rest of the 
study population showed no evidence of hematoma 
formation or infection. All the above data confirms 
that the clip insertion is highly significant compli-
cation-free procedure, that was agreed with Young 
et  al. [1], who showed no significant complications 
along the studied group

• As regards sono-mammographgic assessment of the 
clip, our study shows that: from the total number 
of inserted clips, 55 clips (96.5%) were easily visual-
ized as linear hyperechoic structures compared to 
2 clips (3.5%) showed difficulty in visualization by 
Ultrasound that was noted during the follow up 
after receiving NAC. These results were in-agree-

ment   with Young et al. [1] who found 100% of the 
inserted clips appeared as linear hyperechoic struc-
tures on the ultrasound.

• That also stands with Koo et al. [13], who compared 
between the surgical clips and commercial breast 
markers found that marker visibility was little more 
common when using Liga Clip (surgical clips) (about 
91.1%, 51 of 56) than when using Cormark mark-
ers (commercial clips) (about 86.9%, 53 of 61) in all 
cases. And in cases where no residual lesion could be 
noted on US during the follow up after NAC, marker 
visibility was more common when using LigaClip 
markers (88.2%, 15 of 17) than when using Cormark 
markers (80% 8 of 10).

• The two cases in which there was difficulty in clip 
visualization showed complete radiological response. 
Won et  al. [14] explained the previous findings on 
the hypothesis that the hyperechoic (metallic) clip 
can be easily visible against the background of the 
hypoechoic nature of the tumor. When the tumors 
becomes smaller and even disappear as NAC pro-
ceeds this hinders differentiating the clip from the 
background of the echogenic fat strands.

• Also our results showed that 18 lesions (31.6%) 
showed clip Artifact with posterior acoustic shad-
owing while 39 lesions (68.4%) showed no Clip arti-
fact that was not in agreement with Hassan et al. [2]. 
study which recoded only 3 patients (9.4%) with clip 
artifact.

• In our study this clip artifact did not interfere with 
ultrasound assessment of the lesion, where in 45 
patients (100%) the clip neither interfere in assess-
ment of the treatment response nor the morphology 
of the lesion by sono-mammography. That agrees 
with Young et  al. [1], and other multiple previous 
studies which show that application of surgical clips 
even in the presence of artifact won’t interfere with 
neither sonographic assessment of the lesion nor 
the size of the lesion and therefore assessment of the 
treatment response.

• As regards MRI assessment of the clip: Breast metal-
lic clips can cause artifacts on MRI, depending on 
magnetic susceptibility, clip quality, size, shape, ori-
entation, position, and used MRI parameters [1].

• In our study, in all our patients (100%) the surgical 
clips created a small signal void on MRI; however, the 
primary lesion was easily visualized on MRI and did 
not interfere with the image interpretation and judg-
ment as regards the characterization of the lesion or 
the enhancement pattern.

• The inserted clips appeared on MRI as small signal 
voids due to its paramagnetic or susceptibility prop-
erties, which is more appreciated at both T1WIs and 
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T2WIs, where in 15 patients (26.3%) the clips were 
best visualized at T1WIs, 8 patients (14%) at T2WIs 
compared to 34 patients (59.6%) where the clips were 
best visualized at both T1WIs and T2WIs images, 
this can be explained as T1 sequences are performed 
without fat saturation which allow metal markers 
to be better detected, this detection is based on the 
magnetic susceptibility artifact best seen on T1 gra-
dient-echo sequences, created by the metallic nature 
of the marker. The longer the TE of the sequence the 
more this artifact is visible so T1 sequence was found 
to be best sequence for detection metallic artifact of 
the clip [15] (Fig. 8).

• As regards assessment of prognosis of treatment 
response; the assessment of tumor response to NAC 
as confirmed on US, mammography, and MRI is 
important and done according to RECIST criteria, 
Response evaluation criteria in solid tumors refers 
to a set of published rules used to assess tumor bur-
den in order to provide an objective assessment of 
response to therapy. The RECIST criteria can be used 
with CT, MRI or conventional radiography (in some 
instances) [15].

• Tumor response to neoadjuvant chemotherapy may 
be either complete response (CR) with disappear-
ance of all lesions, partial response (PR)/regressive 
response where > 30% decrease in sum of all tar-
get lesions in longest axis measurement, stable dis-
ease (SD) and progressive disease (PD) according to 
RECIST criteria [17].

• Clearly, the ideal result for a patient undergoing neo-
adjuvant chemotherapy is eradication of the malig-
nant disease in the breast and in the axillary lymph 
nodes (pCR).

• In our study, there were 6 patients (about 13.3%) had 
radiological complete response after NAC, com-
pared to Hassan et al. [2], study where they found 14 
patients (about 43.75%) showed complete pathologi-
cal response and that was close to Edeiken et al. [16] 
study which found 47% of the study population had 
complete response.

• Also in our study there were 27 patients (60%) 
showed regressive course after NAC while only 10 
patients (22.2%) had stationary course regarding the 
size of the lesions, and only 2 cases (4.4%) showed 
progressive disease response with highly signifi-
cant difference between the studied group showing 
improving disease response and the other studied 
groups.

• In two patients out of 27 patients who had regressive 
course, the lesions were not palpable by the surgeons 
and needed preoperative wire localization.

• That emphasizes the role of clips insertion for local-
izing the site of the lesion especially in cases show-
ing improving disease response that may interfere 
in radiological recognition of the site of the lesions 
and the tumor bed. Where in our study about 33 
patients (about 73%) showed improving disease 
response including patients achieving a complete or 
near-complete response to NAC. In this situation clip 
insertion effectively addresses the problem of preop-
erative localization of the tumor and if the clip was 
not inserted the tumor bed, those patients could have 
been lost and the surgeons would have to undergo 
major surgical excision as Modified radical mastec-
tomy (MRM) instead of conservative breast surger-
ies.

• As regards the Cost of the clip: The study was con-
ducted on a wide cost of surgical clips with the aver-
age cost of the needle = 10US$ equivalent to 170 
LE Egyptian pounds and the single clip = 1.3 US$ 
equivalent to 20 Egyptian pounds with total cost per 
patient (170 + 20 = 190) about 190 Egyptian Pounds 
equivalent to 12–13 US$, compared to Hassan et al. 
[2], study that revealed that the average cost of the 
single surgical clip was 145 ± 20 LE Egyptian pounds 
which is almost equivalent to8–9US$. This was in 
agreement to Masroor et  al. [17] study who found 
that the cost of surgical clips was about 9 US$, and 
similar to the study done in South Korea since 2015 
where the calculated cost was 10 US$ per clip [1].

• This is of much low cost when compared to the 
commercial breast markers with an estimated price 
range for clip = 75–200 US$ internationally (aver-
age 90 US$).

• This means that the use of surgical clips saved about 
75–76 US$ which is equivalent to 1135 Egyptian 
pounds that was close to Hassan et  al. [2], which 
recorded the saved price about 80–82 US$ for each 
clip, this confirms that surgical clips of the highly 
considerable low cost compared to the commercial 
breast markers.

Conclusion
Our study proved that the use of breast markers is 
mandatory before NAC where sonographically-guided 
metallic surgical clips can safely substitute the com-
mercial tissue markers as tumor localization. Surgical 
clips are effective, considerable and safe for the patient, 
easily visualized on imaging, do not interfere with 
assessment of treatment response, with no evidence of 
complications and are of low cost compared with the 
commercial breast clips.
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Fig. 8 42-year-old patient with breast lump and axillary masses, the patient came for tru-cut biopsy, which shows advanced breast carcinoma, 
planned for neoadjuvant chemotherapy and metallic clip placement. The patient received first cycle chemotherapy and came for clip insertion, 
Breast sonomamography after clip placement a CC view and b ultrasound images showing the metallic clip seen inside the upper outer quadrant 
mass lesion with no artifact or posterior acoustic shadowing hindering proper visualization of the lesion. MRI of both breasts done after other cycle 
of NAC c1 T1WIs, c2 T2WIs, c3 post contrast images and c4 subtracted post contrast images) showing the signal void of the inserted surgical clip 
inside the previously noted breast lesion, with no difficulty in characterization of the lesion. After completing the course of neoadjuvant therapy, 
follow up sonomamography was done d1 ultrasound image and d2 MLO view showing the surgical clips still seen at the left breast irregular mass 
lesion which shows appreciable regressive course as regards the size with the clip still seen in the same site compared to the previous studies e 
ultrasound image shows preoperative wire localization guided by the previously inserted surgical clip due to appreciable regressive course of the 
size of the lesion
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Limitations

• In our study group, The most common type of 
breast carcinoma was invasive ductal carcinomas, 
with most of the lesions were solid and no com-
plex cystic lesions nor any cystic degeneration were 
detected, which made us unable to precisely study 
the effect of the tissue resistance and nature on the 
radiological assessment of the clip and detection 
rate of clip migration.

• Relatively small sample size, and that was due to 
high cost of MRI and presence of some contraindi-
cation in some patients.

Recommendations

• For further multi-parametric studies, we recom-
mend applying the one step clipping procedure and 
to place the surgical clip at the same setting of the 
core tissue biopsy to avoid repeating insertion of 
the needle, minimize tissue injury, decrease inci-
dence of tumor cell seedling and to lower the cost 
and the procedure time.

• Also, other studies are needed to study this tech-
nique over larger number of patients to detect the 
rate clip migration on other lesions with different 
histological types and different tissue natures.

Fig. 8 continued
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