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ABSTRACT

Background. The current technique for locating nonpal-

pable breast lesions is wire localization (WL). Radioactive

seed localization and intraoperative ultrasound were

developed to improve difficulties with WL. The SAVI

SCOUT surgical guidance system was developed to

improve these methods. The SCOUT system is a non-ra-

dioactive, FDA-cleared medical device that uses

electromagnetic wave technology to provide real-time

guidance during excisional breast procedures.

Methods. Consenting patients underwent localization and

excision using an implantable electromagnetic wave reflec-

tive device (reflector) and a detector handpiece with a console.

Using image guidance, the reflector was placed up to 7 days

before the surgical procedure. The primary end points of the

study were successful reflector placement, localization, and

retrieval. The secondary end points were percentage of clear

margins, reexcision rates, days of placement before excision,

and physician comparison with WL.

Results. This study analyzed 50 patients. The reflectors

were placed under mammographic guidance (n = 18,

36 %) or ultrasound guidance (n = 32, 64 %). Of the 50

patients, 10 (20 %) underwent excisional biopsy and 40

(80 %) had a lumpectomy. The lesion and reflector were

successfully removed in all 50 patients, and no adverse

events occurred. Of the 41 patients who had in situ and/or

invasive carcinoma identified, 38 (93 %) had clear margins

and 3 (7 %) were recommended for reexcision.

Conclusions. These data suggest that the SCOUT system

is safe and effective for guiding the excision of nonpal-

pable breast lesions and a viable alternative to standard

localization options. A larger prospective, multi-institution

trial of SCOUT currently is underway to validate these

findings.

The identification of early, nonpalpable breast cancers

continues to rise with increasing use of screening mam-

mography and improved imaging technologies. The

standard technique for locating nonpalpable lesions is wire

localization (WL). Developed more than 20 years ago, WL

has been shown to have several procedural and workflow-

related pitfalls.1 The procedural challenges include dis-

crepancy between the wire entry site and the ideal surgical

approach, variation in wire tip placement relative to the

lesion, wire migration, and transection. These challenges

often lead to inaccuracy in removal of target tissue, with

the potential for excessive tissue removal, suboptimal

cosmetic results, and inadequate margins. Positive margins

have been reported in 12–60 % of WL cases.2–6

From a workflow perspective, the wire must be placed

the day of surgery to reduce the risk of wire migration

because the wire extends out of the patient’s breast. This

limitation directly couples radiology and operating room

schedules, resulting in costly delays, radiology reschedul-

ing (eliminating the ability to schedule a wire-guided

surgery first thing in the morning), and a suboptimal patient

experience.2,7

Radio-guided surgical techniques with implantable seeds

[I125 radioactive seed localization (RSL)], injectable radio-

colloid, and intraoperative ultrasound (IOUS) have been

developed and recently tested clinically. These techniques
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offer simplicity, lower margin positivity, fewer reexcisions,

better coordination of patient care, and increased patient

satisfaction. Although these techniques appear superior to

WL, they too have challenges that have had an adverse

impact on their adoption.

This report introduces the SAVI SCOUT� surgical

guidance system (Cianna Medical, Inc., Aliso Viejo, CA).

This system was designed to advance the progress made

with radio-guided and ultrasound localization techniques.

This novel Food and Drug Administration (FDA)-cleared

medical device uses nonradioactive electromagnetic wave

and infrared light technology to provide real-time guidance

during excisional breast procedures. For the first time,

SCOUT combines electromagnetic wave technology with

infrared light for use in surgical guidance. This pilot study

aimed to evaluate the performance and to estimate the

safety and efficacy of the SCOUT system in locating and

directing the removal of nonpalpable breast lesions during

lumpectomy and excisional biopsy procedures.

METHODS

This study was an institutional review board (IRB)-ap-

proved, multi-institutional pilot investigation. All the

consenting research participants were women between the age

of 18 and 90 years with a newly diagnosed nonpalpable

breast lesion scheduled for either excisional biopsy or

lumpectomy between July, 2014 and January, 2015 (Table 1).

The lesion depth had to be 3 cm or less, and patients with

previous ipsilateral breast cancer, multicentric disease, or

neoadjuvant chemotherapy were excluded from the study.

The FDA-cleared SCOUT system includes an implan-

table, infrared-activated, electromagnetic wave-reflective

device (reflector), a detector handpiece, and a console

(Fig. 1). The reflector is percutaneously inserted into the

target tissue through a delivery needle under image

guidance before surgery. The handpiece emits electro-

magnetic waves and noninjurious infrared light into the

breast tissue and in turn receives an electromagnetic wave

signal reflected back from the reflector. Audible feedback

from the console increases in cadence with increasing

handpiece-to-reflector proximity. The system provides

real-time direction and proximity guidance to target the

implanted device and guide surgical removal of the lesion.

The unique design of the reflector makes it detectable by

the SCOUT system. The reflector consists of antennas

together with infrared light receptors and a transistor switch.

When receiving an infrared light pulse emitted by the

handpiece, the infrared light receptors close the transistor

switch connected to the antennas reflecting a wave signal to

the handpiece. This sophisticated combination of electro-

magnetic wave and infrared light technology allows the

handpiece and console to exclusively detect the reflector.

The reflector can be placed up to 7 days before surgery

using either sonographic or mammographic guidance. The

delivery system, preloaded with the reflector, consisted of a

16-gauge, 13-cm needle. In this study, after injection of a

local anesthetic, the reflector was percutaneously intro-

duced through the delivery system needle. Once it reached

the desired location, the physician deployed the reflector

and confirmed positioning using ultrasound or mammog-

raphy (Fig. 2). All patients underwent postplacement

verification with the handpiece and console to confirm

reflector detectability.

At the time of surgery, the surgeon placed a new sterile

handpiece in contact with the skin to detect the location of

the reflector and to plan the appropriate skin incision and

approach. During the surgical procedure, the dissection was

directed by the handpiece and continuous feedback from

the console. Repeated handpiece placement inside the

incision provided direction and proximity information to

the reflector and target tissue. Once removed, the specimen

TABLE 1 Patient eligibility

Inclusion criteria

Patient had a nonpalpable breast lesion that required excision

Lesion depth was B3 cm

Patient was scheduled for excision at a participating institution

Patient was female and between the ages of 18 and 90 years

Exclusion criteria

Patient had a previous ipsilateral breast cancer

Patient had multicentric breast cancer

Patient had stage 4 breast cancer

Patient had been treated with neoadjuvant chemotherapy

Patient was pregnant or lactating

Patient had known or suspected allergic reactions to materials similar to the components of the SCOUT reflector
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was interrogated with the handpiece to confirm reflector

removal. Both lesion and reflector removal were verified

with specimen radiography.

The primary end points of the study were successful

reflector placement, lesion localization, and retrieval. The

secondary end points were clear margin rate and physician

comparison with WL.

RESULTS

For this study, 60 patients consented to participate, but 7

patients were excluded before reflector placement due to

scheduling problems (n = 4) or subsequent determination

of ineligibility (n = 3) (Table 2). Each surgeon managed

an initial training case, which was excluded from the data

analysis. Of the 50 study cases analyzed, 23 (46 %) were

managed by one of two surgeons at the University of South

Florida, and 27 (54 %) were managed at the Nashville

Breast Center by a single surgeon. The average patient age

was 58.5 years.

All reflector placements were successful, with 18 (36 %)

placed under mammographic guidance and 32 (64 %)

placed under ultrasound guidance. Of the 50 patients, 31

(62 %) had reflectors placed the same day as surgery, and

19 had reflectors placed an average of 2.3 days (range 1–

6 days) before surgery. Despite eligibility criteria calling

for patients who had lesions with a depth of 3 cm or less,

reflectors were placed up to 6 cm (average 2 cm; range

0.5–6 cm) from the skin due to localization constraints of

the radiographic approach. On the average, the reflector

was placed 2.8 mm (range 0–15 mm) from the target (le-

sion or biopsy marker).

Two patients had reflectors that were not detected during

the postplacement verification step. The reflectors in these

cases were placed respectively 4.5 and 6 cm from the skin.

Conversely, the remaining reflectors were successfully

detected up to 4.5 cm from the skin. In both nondetection

cases, instead of defaulting to WL, the investigator elected

to proceed to surgery with SCOUT for guidance. Both

reflectors were detected at the initial skin incision, and the

handpiece guided a successful dissection and removal. No

other type of guidance was used, and neither patient

required reexcision.

Of the 50 patients, 10 (20 %) underwent excisional

biopsy and 40 (80 %) underwent lumpectomy procedures.

At the time of surgery, the reflector was successfully

detected before the incision in 44 (88 %) of the 50 patients

up to 4.5 cm from the skin (Table 2). In the six cases in

which the reflector was not detected from the skin, the

reflector location was approximated from the postplace-

ment mammography images for incision planning. In five

of these six cases, the reflector was detected immediately

after the initial skin incision. The remaining case resulted

from a malfunction of the reflector, a problem subsequently

identified and corrected by the manufacturer.

In two cases, the reflector was not consistently detected

with the handpiece during the surgical dissection after the

skin incision. As noted previously, in the one case, the

detection inconsistency resulted from a malfunction

whereby the reflector functioned intermittently yet suffi-

ciently to allow for successful guidance and removal. In the

other case, detection was lost at contact of the reflector by

electrocautery, signifying that the reflector and target tissue

had been reached. Based on this occurrence, the manu-

facturer incorporated an additional component into the

reflector to maximize detectability should it be contacted

by a cautery device. For the cases in which the detector was

not consistently detected before or after the incision,

SCOUT provided the sole method of surgical guidance,

with successful removal of the target lesion and reflector

with no margin reexcisions required.

The reflector was successfully removed from all 50

patients, and reflectors were confirmed within the target

lesion by specimen radiography. Reflector migration was

not directly measured but was not observed as determined

by comparison of postplacement images and specimen

radiographs. No adverse events occurred. Overall, using a

scale of 1–10 (5 = the same as WL,\5 = worse than WL,

FIG. 1 The SAVI SCOUT

system components
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[5 = better than WL), the surgeons rated the ease of

localization and removal at respectively 9.2 and 9.4, and

the radiologists rated ease of placement and patient comfort

at 4.1 and 4.5.

The final pathology identified no invasive or in situ

carcinoma in 9 of the 10 excisional biopsy patients

(Table 3). Invasive carcinoma, ductal carcinoma in situ

(DCIS), or both were identified in 41 patients: DCIS alone

in 10 patients, invasive carcinoma alone in 15 patients, and

a combination of the two in 16 patients. The average tumor

size in all the patients with cancer was 1.3 cm (range 0.1–

2.7 cm). Of these patients, 38 (93 %) had clear margins,

whereas 9 (22 %) had close margins to within 1 mm. Only

3 of the 41 patients (7 %) with cancer were recommended

for margin reexcision.

DISCUSSION

The standard technique for locating nonpalpable breast

lesions is WL, for which disadvantages have been well

documented. The wire entry point often is chosen, based on

ease of access, as opposed to the ideal surgical approach.

From postplacement images, the surgeon must estimate the

pathway to the lesion, leading to inaccuracy in locating the

target lesion.8 Wire migration can cause excessive tissue

removal, and wire transection can leave fragments within

the breast. Findings also have shown WL to be inaccurate

in achieving negative margins, with reexcision rates

reported to be as high as 60 %.2,3,5,6,9 Because the wire

must be placed on the day of the operation, WL directly

couples surgery and radiology schedules, which can be an

inconvenience for the patient, radiologist, surgeon, and

operating room staff.

The RSL approach, initially described by our group in

2001, has proved to be an excellent localization technique

superior to WL.2,10 Because RSL allows real-time reori-

entation of the dissection toward the target lesion, it can

result in an absolute decrease in positive margin and

reexcision rates.2,3,10,11 Hughes et al.9 reported a reexcision

rate of 8 % with RSL versus 25 % with WL. Furthermore,

the ability to place the seed entirely within breast tissue

results in an extremely low likelihood of migration.12

Despite these advantages, regulatory issues associated with

the handling radioactive seeds have had a substantial

impact on adoption.

The IOUS technique, another approach for localizing

nonpalpable lesions, has been shown to yield lower reexci-

sion rates than WL.13–15 With IOUS, the lesion, hematoma,

or biopsy marker must be sonographically visible. Because

IOUS requires ultrasound equipment, training, and compe-

tence in interpreting ultrasound images, it may not be

available to all surgeons. Also, IOUS requires removal of

retractors, dimming of the operating room lights, scanning

with the ultrasound probe, and replacement of the retractors

as the lesion is removed. Ultrasound-visible hydrogel-based

markers offer the advantage of placement at the time of

biopsy, but these markers may lack visibility, may migrate,

or may be dislodged at removal.16,17

The SCOUT surgical guidance system was developed to

overcome the aforementioned disadvantages of standard

techniques for locating nonpalpable breast lesions. The

reflector can be placed from any direction without having

an impact on the surgical approach, allowing for optimal

incision placement. The system provides real-time contin-

uous feedback during the dissection, allowing course

correction to ensure accurate removal of the reflector and

lesion while minimizing tissue removal.

In this study, the handpiece guided the entire dissection

from the skin surface in most cases. However, even when

the reflector was not detected from the skin surface, the

approximate reflector location was known from the post-

placement images, which allowed for successful surgical

guidance of the dissection, with removal of all reflectors

and no margin reexcisions. Although the results do not

indicate a clear depth at which the handpiece will detect the

reflector, they do suggest a maximum depth of 4–5 cm for

FIG. 2 Reflector placement with mammographic guidance adjacent

to an existing biopsy marker (top). Specimen radiograph (bottom)
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initial cases while experience with the technology is

gained. In the supine position, most breasts have a skin-to-

chest wall distance within this range. A larger ongoing

prospective, multi-institution study containing no depth

restriction will further examine this subject.

The SCOUT system eliminates the regulatory hurdles

presented by radioactive seeds, and compared with IOUS,

eliminates the encumbrances of low lighting, minimal

retraction, and loss of imaging due to tissue disruption from

the incision. Although this study did not directly compare

SCOUT with other techniques, the observed reexcision rate

(7 %) is comparable with those reported for RSL and

IOUS.3,9,13,15,18–21

The ability to place the reflector up to 7 days before

surgery eliminates scheduling conflicts between radiology

and surgery. This uncoupling of radiology and surgery

schedules, in contrast to RSL, can improve operating room

efficiencies by allowing excisional procedures to be per-

formed early in the day. Likewise, radiology efficiencies and

patient wait times are improved because the SCOUT system

eliminates the need to reserve blocks in the schedule for

same-day wire placements.7,22 Uncoupling of the schedules

also lowers the risk of vasovagal syncope associated with

fasting required for same-day surgical localization.3,9,22,23

For cases in which the reflector was placed one or more

days before the surgery (n = 19), the participating radiol-

ogists rated ease of placement and patient comfort slightly

below that for traditional wires. These low scores are

probably attributable to the reflector delivery system,

which was designed specifically for ultrasound-guided

placements. With a 13-cm needle and an overall length of

23 cm, the delivery system was too large for optimal use

with mammography-guided placements. Based on recom-

mendations by the participating radiologists, the reflector

TABLE 2 Patient and study characteristics

University of South Florida

n (%)

Nashville Breast Center

n (%)

All cases n (%)

Patient enrollment

Consenting patients 32 28 60

Off-study cases 7 0 7

Training cases (data not included) 2 1 3

Study cases (data analyzed) 23 27 50

Mean patient age: years (range) 58.7 (37–80) 58.3 (41–77) 58.5 (37–80)

Reflector placements

Mammography guidance 18 (78) 0 (0) 18 (36)

Ultrasound guidance 5 (22) 27 (100) 32 (64)

Mean reflector distance from skin: cm (range) 2.8 (0.5–6.0) 1.3 (0.7–2.2) 2.0 (0.5–6.0)

Mean reflector distance from target: mm (range) 4.7 (0.0–15.0) 1.2 (0.0–12.0) 2.8 (0.0–15.0)

Success of reflector placement 23 (100) 27 (100) 50 (100)

Radiologist evaluation: mean ease of placementa 4.1 10b –

Radiologist evaluation: mean patient comforta 4.5 NAb –

Reflector localizations and excisions

Excisional biopsies 10 (43) 0 (0) 10 (20)

Lumpectomies 13 (57) 27 (100) 40 (80)

Cases with reflector placed on day of excision 4 (17) 27 (100) 31 (62)

Mean reflector placement before excision: days (range) 2.3 (1–6) NAb 2.3 (1–6)

Reflector detected before incision 17 (74) 27 (100) 44 (88)

Reflector located after incision 22 (96) 26 (96) 48 (96)

Reflector successfully removed 23 (100) 27 (100) 50 (100)

Reflector detected on specimen radiograph 23 (100) 27 (100) 50 (100)

Reflector intact 23 (100) 27 (100) 50 (100)

Surgeon evaluation: mean ease of localizationa 8.2 10.0 9.2

Surgeon evaluation: mean ease of removala 8.7 10.0 9.4

NA not applicable
a Compared with wire localization (WL): scale of 1–10 in which 5 is the same as WL,\5 is worse than WL, and[5 is better than WL
b At this institution, all placements were performed by the surgeon on the day of surgery using ultrasound guidance while the patient was under

anesthesia

The SAVI SCOUT Surgical Guidance System



delivery system has been redesigned with a shorter, lighter

handle and needle length options of 5, 7.5, and 10 cm.

The surgeons participating in this pilot study found

SCOUT localization easier to perform than WL, similar to

RSL compared with WL.24 Surgical targeting with

SCOUT, although similar in concept to that of radio-guided

seed localization or sentinel lymph node identification,

requires a different technique, and thus training is recom-

mended. In detecting the reflector, a key technique to learn

is the need to move the handpiece slowly to allow the

system time to detect the reflector. This is particularly

important from the skin surface because the system is more

directional than a gamma probe. Based on this study, the

manufacturer incorporated a display screen on the console

to ensure optimal handpiece technique when the reflector is

detected from the skin surface. Finally, frequent use of the

handpiece is recommended to optimize the dissection and

excision.

CONCLUSIONS

Options for the surgical excision of nonpalpable breast

lesions have been expanded with the SCOUT surgical

guidance system, which uses nonradioactive electromag-

netic wave technology to provide real-time guidance

during lumpectomies and excisional biopsies. This study

resulted in 100 % surgical success, with removal of both

the target lesion and the reflector in all cases with a low

rate of margin reexcision. Overall, the technology is highly

intuitive, reliable, and easy to implement. The surgeons in

this study strongly favored SCOUT because it optimizes

intraoperative surgical guidance, simplifies scheduling, and

eliminates radioactivity-related hurdles. The SCOUT sys-

tem is easy to learn and may enable improved radiology

and operating room efficiencies, greater physician conve-

nience, and enhanced patient satisfaction. This pilot study

suggests that SCOUT is safe and effective for guiding the

excision of nonpalpable breast lesions and a viable alter-

native to standard localization options. A larger

prospective, single-arm, multi-institution, clinical evalua-

tion of SCOUT is currently underway to validate these

findings.
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