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Micro Abstract:

Mechanical breast compression with an experimental device was compared with standard manual
compression following large gauge vacuum-assisted stereotactic-guided breast biopsy in a prospective
single arm study using historical controls. Mechanical breast compression was shown to be non-inferior
(p<0.0001) to standard manual breast compression in limiting hematoma formation following large core
vacuum assisted stereotactic-guided breast biopsy.

MECHANICAL COMPRESSION OF BREAST BIOPSY SITES FOLLOWING STEREOTACTIC-GUIDED BREAST
BIOPSY
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INTRODUCTION: The use, safety and efficacy of a proposed mechanical compression device was
assessed and compared to standard manual breast compression in achieving hemostasis and limiting
hematoma formation following stereotactic-guided breast biopsy.

PATIENTS AND METHODS: A prospective single-arm study, utilizing historical-controls, was undertaken
to evaluate the safety and efficacy of the use of a proposed mechanical compression device following
120 stereotactic-guided breast biopsies. Patients discontinued most antithrombotic therapy to be eligible
for the study. A 9 gauge vacuum-assisted needle biopsy system was used for all procedures with
mammograms and supplemental ultrasound evaluations used to detect and measure hematomas
following mechanical breast compression. Patient and staff perceptions relative to the use of the
compression device, delayed hematomas and other complications were also assessed on follow up.

RESULTS: Nine hematomas (7.5%) were detected following use of mechanical compression which was
maintained for an average of 11 minutes. Four delayed hematomas were detected on follow-up out to
one week. No clinically significant hematomas or infections were observed and no previously undetected
hematomas were identified in the thirty study patients who later required mammographic localization
prior to surgical biopsy or lumpectomy. The compression experience was rated “good to excellent” by
97% of the patients.

CONCLUSION: Use of an experimental mechanical compression device following stereotactic breast
biopsy was well tolerated and non-inferior (p<0.0001) to standard post-biopsy manual compression in
incidence of hematomas detected on immediate post-biopsy imaging. Use of the mechanical device(s)
saved staff time and reduced staff blood exposure. Further study of the device with patients maintained
on antithrombotic agents is anticipated.

INTRODUCTION/BACKGROUND

There is broad consensus in the literature that minimally invasive breast biopsy (MIBB), including
ultrasound-guided breast biopsies (USGBB) and stereotactic-guided breast biopsies (SGBB), are accurate
cost-effective procedures with significant complications rarely reported. “***2% Minimally invasive,
non-surgical breast biopsy techniques have evolved and increased in frequency over the past twenty-five
years with an estimated 1.6 million minimally invasive breast biopsies performed each year in the U.S
including 700,000 performed utilizing stereotactic guidance.

In an effort to improve pathologic accuracy, primarily to diminish underestimation of pathology, there
has been evolution from initial fine-needle aspiration biopsy (FNA) to core needle biopsy (CB) and more
recently to vacuum-assisted breast biopsies (VABB). Although the use of core- biopsy techniques for
ultrasound directed biopsy remains common, the use of larger vacuum-assisted needle-biopsy systems
has largely replaced core-biopsy technique for the sampling of small masses, regions of architectural
distortion and suspicious clusters of calcifications typically targeted during stereotactic-guided
procedures. %

Stereotactic-guided biopsy techniques initially employed 16- and 14-gauge coring needles, but,
beginning in 1994, moved to 14-gauge and, more recently, to larger 8- and 9-gauge vacuum-assisted
needle-biopsy systems. #**>8 Concurrently, for stereotactic- guided procedures, there has also been a
significant increase in the number of cores obtained as well although, in reported studies, the variation
in the average number and range of biopsy core specimens obtained during SGBB is marked. Most recent



large series report averages of 10 to 24 cores obtained per lesion sampled, but reported averages vary
widely from 6 cores up to 96 or more cores retrieved in several “extended protocols.” ¥52 The greater
tissue volume obtained has achieved a desired reduction in the underestimation of pathology by
approximately one half *#**'% put, predictably, there has also been an associated significant increase in
observed intra-procedural bleeding and post-biopsy breast bruising and hematoma formation.®#%&1%20)

The vast majority of MIBB-related hematomas are considered “non-clinically significant,” with clinically
significant hematomas variably described in the literature to include MIBB-related continuous bleeding,
large or expanding hematomas with significant pain or bleeding requiring surgical consultation, close
interval follow-up, transfusion or hospitalization for observation or surgical control. “Clinically
significant” hematomas are reported in the literature at 0.0% to 4%. 456:1011,1525)

“Non- clinically significant” hematomas are reported at much higher rates. (Summarized Table 1) Chetlen
et al.® reported a 10% (2/20) rate of hematomas with 12- gauge vacuum-assisted needles utilizing
ultrasound guidance while Liberman et al. reported a 30.5% hematoma rate following SGBB with
14-gauge vacuum-assisted biopsy needles.”®.. Melotti and Berg reported a hematoma rate of 45%
(71/171) for non-anticoagulated patients utilizing an 11-gauge VABB probe with similar rate of 38% (3/8)
noted for a small cohort of anticoagulated patients. ¥ Schaefer et al. reported a 42% (11/26) rate for
hematomas detected after stereotactic-guided biopsy utilizing a 9-gauge ATEC VAAB probe, including a
19% rate for hematomas measuring greater than 1.5 cm in diameter (1.8cm?).®) Combining Schaefer et
al. 8-gauge Mammotome and 9-gauge ATEC VABB needle biopsy cohorts shows a 39% rate of hematoma
formation.

A larger and more recent study by Chetlen et al. ®!was also reviewed for guidance in establishing a
historical-control group. Within their study of 617 ultrasound, stereotactic- and MRI-guided biopsies
evaluating the incidence, size and clinical significance of hematomas among patients on and off a variety
of antithrombotic therapies, Chetlen et al. reported a 25.5% (51/200) rate of hematoma formation
utilizing 9-gauge ATEC VABB for the stereotactic-guided biopsy cohort. The average reported size of the
hematomas for the entire study population was 2.6 cm in diameter, (9.2 cm?®), with a reported range in
hematoma volume of 0.52 cm?®to 134 cm?. The number of cores obtained for individual cohorts and the
distribution of those patients on antithrombotic agents (16.5% of all patients), including high- and
low-dose ASA, warfarin, clopidogrel and other agents, including the 9-gauge stereotactic-biopsy cohort,
was not separately reported. The mean number of cores obtained for the entire study, including the
much larger USGBB cohort utilizing 14-gauge needles, was 6.5, although “more cores were obtained
using the larger, 9-gauge VAB needles,” which were used exclusively for all stereotactic and MRI-guided
breast biopsies (MRGBB).

Subjects and Methods

Institutional review board approval was obtained for this HIPPA-compliant prospective study. FDA review
and input was considered and incorporated into the scope and design of this trial. The study was
registered with Clinicaltrials.gov.

Patient recruitment



Beginning on March 4, 2015, through termination of accrual on November 4, 2015, all non-pregnant,
non-lactating women 18 years of age and older presenting for approved stereotactic-guided biopsy of
calcifications, small masses (<1.5 cm) and sites of architectural distortion who met inclusion and
exclusion study parameters were offered participation in the study. Patients were required to have
discontinued the use of most anticoagulant therapy including coumadin, clopidogrel and high-dose
aspirin (more than 81 mg) for 5 days. NSAIDS were not restricted. Heparin was restricted for the study,
but no patients presented for biopsy who were recently on heparin or other short-acting antiplatelet
therapy (bridge therapy). Patients with known bleeding disorder or uncorrected coagulopathy with a
platelet count of <80,000 and or an INR >1.5 were excluded from the study. Coagulation parameters
were not routinely assessed unless there was suspicion of coagulopathy, including known deficiencies
including Factor VIIl and XI, DIC, Uremia, Liver Failure, Myeloproliferative Disorder, Alpha 2 Antiplasmin
deficiency, Monoclonal Gammopathy and Lupus Anticoagulant.

Patients could show no evidence of cognitive impairment for inclusion in the study.

Two site biopsies within opposite breasts were included for this study, but multisite biopsies in the same
breast were excluded (FDA advice).

Informed consent was obtained from all patients prior to inclusion in the study using SecureConsent®
software and data storage provided through Enforme Interactive, Frederick, Maryland.

Methods

Stereotactic biopsies were all performed with vacuum assistance using either a 9- gauge Eviva® or 9-
gauge Petite Eviva® Breast Biopsy System Hologic®, Bedford MA. All of the biopsies were performed on a
dedicated prone stereotactic biopsy table, MultiCare Platinum®, manufactured by Hologic ® Corporation.

All biopsies were performed by one of five radiologists with 5, 18, 23, 23 and 28 years of SGBB
experience.

Following standard skin preparation, skin and superficial anesthesia was achieved with two to four ml of
buffered 1% lidocaine HCL. For patients without a significant cardiac history or allergy, deep anesthesia
was obtained using a maximum of 15 ml of 1% lidocaine with epinephrine (1/100,000), with the bulk
administered after advancing or “firing” the needle into or astride the target lesion. Up to an additional
10 ml of lidocaine with epinephrine (1/100,000) was administered during the course of biopsy as
needed.

After the biopsy was completed, the biopsy cavity was lavaged with normal saline until clear or after at
least three full, 360-degree revolutions of the needle within the cavity were made. If calcifications were
targeted, the system was placed on continuous suction-lavage pending review of biopsy specimen
imaging. This time interval was not measured, however; with our in-suite specimen imager (Kubtec®
Milford CT), this averages three to four minutes. All biopsy sites were then marked with a titanium
marker clip

One of three compression devices, having many similar design elements allowing for rapid
single-handed attachment to the stereo-guide/paddle was selected for breast compression. Two of the
three devices feature compressive surfaces of nearly identical size (approximating two human fingers



side by side) but differing primarily in the centering of compressive force relative to the biopsy window
of the stereo-guide compression paddle. One of these devices, a modified flattened sphere (Image 1),
has its compressive surface centered within the window of the stereotactic-biopsy guide/compression
paddle while the other, a modified flattened pyramidal shape, has its compressive surface offset from
the center of the biopsy window to several millimeters from either the top, posterior chest-wall side of
the breast (Image 2) or, in reversed orientation, several millimeters from the inferior, nipple side of the
biopsy paddle aperture (Image 3). The decision regarding which particular compression device is to be
used may be influenced by a patient’s breast size; however, it is primarily directed by the proximity of the
biopsy incision site to the chest wall or nipple, where the offset compression-device design is required or
optimal. The third device, not shown, centers a larger flat compression surface approximating roughly
the width of four fingers within the biopsy paddle window. This device configuration may be used for
very small breasts, for large hematomas noted prior to initiation of compression or for compression of
hematomas detected after the patient has been removed from the stereotactic-biopsy table, where the
collinearity and thus the predictability of the precise location, of the biopsy site has been lost.

Image 1.

Modified spherical compression surface. (Side view) Compressive surface is colored in gold.



Image 2.

Modified pyramidal device.

Posterior compression orientation. Note that, in this orientation, the center of the flat compressive
surface, depicted in gold, is centered 2 mm anterior to the posterior edge of the biopsy window. This

device orientation allows for adequate compression of all posterior lesions reachable by biopsy.



Image 3.

Modified pyramidal device.

The reverse orientation of the compression device shown is recommended for lesions close to the
nipple. The posteriorly slanting surface stabilizes posterior breast tissue preventing push-back of breast
tissue away from the compressive surface.

Following marker clip placement the stereotactic biopsy guide paddle was withdrawn from the breast
and the selected mechanical compression device, enclosed within a sterile latex-free covering, was
inserted into the biopsy window of the biopsy paddle. Several twice-folded sterile 4 X 4 inch gauze
sponges and several overlain unfolded 4 X 4 gauze sponges were then compressed against the biopsy
skin incision. This process takes approximately 5 seconds.



Image 4. Modified pyramidal compression device in place with a sterile gauze and sterile covering

shown.

Using the needle driver “X” and “Y” guidance controls, the center of the compressive surface was aligned
with the skin incision and the biopsy paddle was subsequently advanced to make contact with the
breast. Following initial advancement and compression using the motorized foot control, the hand ”Z”
control is then used to apply final graded pressure to the gauze-covered skin incision site. (Image 4) As
the breast is not moved during this process, the collinearity of the incision, needle tract and deeper
biopsy cavity is preserved, ensuring that all potential sites of bleeding are compressed between the
compressive surface of the compression device and the posteriorly positioned rigid image detector
guard. Similar to standard post biopsy manual compression and compression during mammaographic
imaging, the amount of pressure applied is an interactive process between the technologists and
patients and may be varied depending on the patient’s tolerance of compression and breast thickness.

Mechanical breast compression was maintained for a minimum of ten minutes in all cases. If the
physician or technologist felt it was warranted, the compression time could be extended without limit
per the protocol. Time in mechanical compression could be extended for a number of reasons including
note of significant bloody lavage during or following the biopsy, note of unusual bleeding during clip
placement or observation of a hematoma on the immediate post-clip placement small field of view
imaging obtained while the patient was still on the table. Total time in compression, measured in
minutes, was recorded for all procedures.

Technologists remained in the biopsy suite throughout compression to monitor their patients but could
perform other duties as long as they remained in close proximity to the patients.

After a brief assessment of the biopsy site, the patients were taken off the biopsy table and moved to an
adjacent mammography suite for a standard two-view, mediolateral and cranicaudal view, mammogram
of the post-biopsy breast. This was routinely accomplished within 5 to 15 minutes following
compression.

The two-view mammogram was reviewed by the attending radiologist with the nature of target lesion
(calcification, mass or density), number of cores obtained and compression time recorded. The
mammograms were reviewed for accuracy of targeting, adequacy of clip deployment (less than 20 mm



from the target lesion or biopsy cavity) and the presence or absence of a hematoma. Hematomas for this
study were assessed and measured on the immediate two- view post-biopsy mammogram or on
supplemental ultrasound examination if the biopsy occurred in a dense portion of a patient’s breast
where detection of a hematoma could be limited. Consistent with the primary selected historical-control
study methodology®, post-biopsy collections seen as three-dimensional masses on post-biopsy imaging
with a volume greater than 0.52 cm?®were recorded as a hematoma. To enhance uniformity among
radiologists, example images of hematomas and measurement techniques were reviewed by the five
participating radiologists prior to initiation of the protocol, and images were maintained on display in the
reading area for visual reference throughout the study.

Hematomas were measured in millimeters in thee planes, including the longest diameter, with
hematoma volume calculated and recorded using the formula for an ellipsoid. (Equation 1) Using this
formula, a spherical hematoma, a “special ellipsoid” measuring 1 cm in diameter in all planes, would
have a volume of 0.52 cm?, and a spherical hematoma measuring 2.5 cm in diameter in all planes would
have a volume of 15.6 cm®. If a mass, as opposed to calcifications, was targeted for biopsy, the volume of
the target lesion was measured using the same technique and subtracted from the total post-biopsy
volume (representing hematoma and mass) to arrive at hematoma volume.

Statistical methods
Sample Size Calculation

This study involved 120 female patients/procedures assigned to the active treatment arm. A sample size
of 120 patients was determined to be appropriate on the basis of statistical power calculations (SAS’,
PROC Power) to allow statistical comparison to a historical-control group (Chetlen et al. 2013).
Specifically, the hematoma (>0.523cm?) rate in the single-arm study would be compared to the lower
95% confidence interval for the Chetlen et al. (*)historical-control data set of N=200, where 51/200, or
25.5%, of patients were reported to have a hematoma >0.523 c¢m? following biopsy. The lower 95%
confidence interval for the 25.5% historical control rate is 19.46%. This calculation is provided below:

Where p = proportion of interest = 0.255
n = sample size = 200

a = desired confidence = 95%

z=z value for desired confidence = 1.96

=25.5+6.04 or 19.46 to 31.54 (95% Cl) % rate for hematoma (>0.523 cm?) following biopsy.

Assuming that being within 10% of the target rate (i.e., 0.1946) is not clinically important, then the null
proportion becomes 0.1946+0.1 = 0.2946. Assuming that the likely rate of hematoma (above 0.523 cm?)
in the study will be 19.46%, equal to the target rate, then a sample size of 120 patients would provide
80% power for the ITT population and at least 76% power for the PP population, assuming that up to 14
patients (12%) do not meet PP criteria (i.e., PP=106 patients).



Primary Safety Endpoint

Paralleling the primary historical control, the primary efficacy endpoint is defined in this study as the
occurrence of a hematoma greater than 0.523 cm.? calculated using the formula for the volume of an
ellipsoid (Equation 1) as detected on standard post-biopsy mammogram or post-biopsy sonogram.

Secondary Safety and Efficiency Endpoints

Following the mammogram and prior to discharge, a nursing assessment was performed and included
obtaining the patient’s vital signs and performing a targeted physical examination of the biopsy site. Per
protocol, all patients were asked to rate their pain during the biopsy, during post-biopsy compression
and at the time of the discharge assessment on a numerical scale of 0 to 10 (none to severe). They were
asked to rate the compression experience on a scale of 1 to 5 (great-1, good, OK, fair and poor-5).
Physical-exam results, including any evidence of a new lump, bruise or skin tear were recorded. If a new
lump/possible hematoma was detected, and not noted on the post-biopsy mammogram, a targeted
ultrasound was performed to evaluate for and then, if present, measure all hematomas. Technologists
with 4, 18 and 19 years of SGBB experience were asked to evaluate perceived changes to work flow using
the device on a numerical scale of -5 to plus 5 (extreme degradation to extreme enhancement) and
estimate the net time saved or lost (in minutes) relative to standard manual compression (assuming they
would have been responsible for performing the compression).

All adverse events including, but not limited to, excessive bleeding, bruising, pain and clinically significant
hematomas were recorded.

For this study, clinically significant hematomas were defined as hematomas requiring surgical
consultation for large or expanding hematoma, requirement for transfusion, admission for observation
or surgical control and hematomas resulting in a delay of required follow-on surgery including excisional
biopsy or lumpectomy.

Any treatments required for complications of biopsies were recorded and any complications felt to be
possibly related to use of the compression device were to be specifically noted.

Patients were called within 24 hours (72 hours if biopsy was performed on a Friday) and at 7 days after
biopsies. At both points of contact, patients were again asked to assess pain on a scale from 0 to 10
(none to severe) and satisfaction on a scale from 1 to 5 (great-1 to poor-5). Per protocol, all patients with
a new lump, significant or increasing pain, signs or symptoms of an infection or bruising greater than a
“half dollar”/30 mm were asked to return for assessment, including a targeted sonogram at the time of
scheduled contact or at any time during the week follow long follow-up period. In assessing for delayed
hematoma, it was felt that patients without a lump or significant ecchymosis were unlikely to have a
hematoma as noted by Harlow et al."’). Patients were informed that there would be no additional
charges to them, or their insurance companies, for any additional evaluation and imaging if required.

Results

Stereotactic-guided biopsies were performed for evaluation of 120 lesions in 118 women averaging 57
years of age (34 to 79) between 3/4/2015 and 11/4/2015. Two patients had one lesion sampled in each
breast.



All biopsies were performed on a dedicated prone biopsy table utilizing a 9-gauge vacuum-assisted
biopsy system with most antithrombotic agents discontinued per protocol, including three patients on
coumadin, two on clopidogrel, one on rivaroxaban and two on high-dose ASA. 7.6% (9/118) of patients
were on low-dose ASA at the time of the procedures. No patients were on NSAIDS at the time of biopsy.

Biopsies targeted clusters of calcifications in 80 cases and small (<1.5 cm) masses or densities in 40.
The average number of cores obtained was 9.9 (range 6-24 cores).

Hematomas greater than 0.52 cm? (spherical hematoma 1 cm diameter) were detected in 9 (7.5%) of
120 biopsies, with an average volume of 4.4 cm?(spherical hematoma measuring ~2.0 cm diameter)
ranging from 1 cm®to 12.1 cm?(spherical hematomas ~ 1.3 cm to 2.9 cm in diameter). The immediate
post-biopsy hematomas were detected on mammograms in 8 patients and on sonography in one patient.
An average of 8.6 cores was obtained in the patients with observed hematomas.

Primary Safety Endpoint

The observed rate of hematoma using the mechanical compression device(s) was non-inferior relative to
manual compression using a historical-control rate of 25.4% (p<0.0001), as detailed below. Per our
stated definition, no clinically significant hematomas were observed in the study population.

The primary safety endpoint was defined as mammogram- or sonogram-detected hematomas for 120
observations, where each observation was independent and from the same single-device arm.

A non-inferiority test was performed using the BINOMIAL option in PROC FREQ (SAS® v9.3, Cary, North
Carolina). The analysis was performed by testing for a larger proportion experiencing no adverse effects,
1-p. The null proportion of the test was 1-p,=1 - 0.1946 = 0.8054, where 19.46% equaled the maximum
proportion of adverse events. A margin of 10% was used, as a rate within 10% of the target, was not
deemed to be clinically important.

A total of 9/120 (7.5%) patients were reported as “yes” for hematoma seen on mammogram or
ultrasound (Table 2).

The non-inferiority test indicated that the hematoma rate from the mechanical compression device
(7.5%) was not substantially inferior to the historical manual compression target rate of 19.46%
(p<0.0001; Table 3). The significance of the test is verified by the lower limit of the 90% confidence
interval (0.8566) being greater than the non-inferiority limit (0.7054 = 0.8054 -0.1). The observed rate of
hematoma using the mechanical compression device (7.5%) was found to be non-inferior relative to the
manual compression historical target rate of 19.46%.

Table 2. Frequency of ‘HEMATOMA Mammogram/Ultrasound outcome

Cumulative | Cumulative
Outcome* Frequency | Percent | Frequency Percent

0 111 92.50 111 92.50




7.50

120

100.00

*0="“no” and 1 = “yes”




Table 3. Noninferiority Analysis.

Noninferiority Analysis

HO: P - p0 <=-Margin Ha: P - p0 > -Margin

p0 =0.8054 Margin=0.1

Proportion | ASE under HO z Pr>2Z | Noninferiority Limit 90% Confidence Limits

0.925 0.0416 5.277 | <.0001 0.7054 0.8566 0.9934

Secondary Safety and Efficiency Endpoint Results
Compression:

Patients were in compression for an average of 10.8 minutes, with a range of ten to twenty minutes.
Twenty patients (16%) were in compression greater than ten minutes, with fourteen (11.6%) in
compression for 15 to 20 minutes. Three of the nine patients (33%) with hematomas were in
compression for 15 to 20 minutes because the radiologist or technologists noted significant
intra-procedural bleeding indicated by bloody lavage, bloody return in the biopsy needle sheath or a
hematoma on immediate post-clip placement small field imaging.

Patients reported average pain scores of 2 (0 to 10, none to severe) during the biopsy with 6.7%
reporting a score of seven to ten. Patients reported an average pain score of 0.9 during compression,
with two patients (1.7%) reporting a score of seven to ten. Pain reported prior to discharge averaged 0.3.

The patients’ satisfaction was rated on a scale from 1 to 5, (great, good, OK, fair, poor) for the
compression experience. This averaged 1.35 (range 1 to 3) with 97% of patients rating the compression
as good (27%) or great (70%).

Intervention-suite staff estimated average net time saved at 10.5 minutes per case, closely mirroring the
average time patients were in compression (10.8 minutes), with the average effect on work flow
compared to standard manual compression rated at 4.9 (negative 5 to positive 5 scale, extreme
degradation to extreme enhancement).

Post-Biopsy Follow-Up:



96% of patients were reached for 24-hour follow-up and 94% were reached at seven days (multiple
documented calls were made to the non-responders).

At close interval follow-up, delayed hematomas greater than 0.52 cm® were detected in 3.3% (4/120)
patients. (Detected on days 2, 5, and 2 on day 7). Delayed hematomas, all measured on sonograms, had
an average volume of 9 cm? (range 1.1cm? to 30.5 cm?). Two additional patients reported bruising
greater than 30 mm but declined to return for evaluation.

Average pain score reported post biopsy was 0.7 at 24 hours (0 to 10 /none to severe) with two patients
reporting a score of greater than 4 (6 and 9) but without lump or bruising. Both declined to return for
evaluation. Patients’ satisfaction scores at 24 hours averaged 1.3 (1 to 5, great, good, OK, fair, poor).

At seven days, the patients reached reported an average pain score of 0.4 (0 to 10) and satisfaction of 1.2
(1 to 5, great, good, OK, fair, poor). Four patients reported pain of 4 or greater. One of the patients
declined evaluation, with three returning for assessment. Sonography demonstrated a small hematoma
(1.8 cm?®) in one patient and no hematoma in another. The third patient returned for evaluation and was
noted not to have a lump or any bruising on physical exam. Per protocol, she should have had a
sonogram assessment but none was performed.

All available delayed imaging performed for localization at the time of lumpectomy or surgical biopsy of
high-risk lesions was reviewed for thirty patients in the study population. The average time of follow-up
imaging (2-view mammogram) was 4 weeks post biopsy (range 2 to 11 weeks). No new hematomas were
detected. One previously detected hematoma, noted on immediate post-biopsy imaging, persisted and
was partially resolved at 2 weeks post biopsy.

Other:
Clip-deployment failure/inadequate position was noted in 2 patients requiring a second clip.

No deep or superficial breast infections or skin irritations other than bruising were observed in the study
population.

Pathology revealed 10 cases of invasive cancer, 6 cases of DCIS, 14 cases of atypia, 5 papilloma and 3
findings of radial scar.

Upgrade at surgery (underestimation of pathology on VABB biopsy) was noted in two patients, with
atypia upgraded to invasive in one (1/14) and DCIS upgraded to micro invasive cancer in another (1/6)
patients.

Discussion:

The reported rates of hematoma formation significantly increases from ultrasound through stereotactic-
and MRI-guided MIBB. (Summarized table 1) Typical of the literature, Chetlen et al. noted rates of
hematoma formation of 3.2% with 14—gauge core USGBB, 10% with larger 12-gauge VABB systems used
in USGBB, to 25.5% for stereotactic-guided procedures using 9—gauge VABB needles and 43 % for their
MRI-guided biopsy cohorts also using a 9-gauge ATEC VABB needle system.

This increase in the rate of hematomas may reflect a number of factors, including the almost exclusive
use of larger, 8- and 9-gauge VABB needle systems in stereotactic- and MRI-guided biopsies versus the



14-gauge core needles commonly used in ultrasound-guided biopsies, as well as an increase in the
average number of cores from 5 or less in USGBB to 12 or more cores obtained in SGBB but other factors
affecting rate of hematoma formation may be equally important. During USGBB constant direct pressure
can be applied with the ultrasound transducer directly on the target lesion during the biopsy.
Additionally, if active bleeding is noted during real-time imaging, compression may be increased
immediately and significantly. Furthermore, as the biopsy site is precisely located directly beneath the
transducer, and patients are rarely moved after ultrasound-guided biopsy, accurate and immediate
manual compression is easily applied to the biopsy site with excellent compression ergonomics as the
medical staff, standing above their supine patients, may easily exert downward pressure on the biopsy
site.

In contrast, stereotactic-guided breast biopsy has several less favorable factors to consider. In the
practice of performing stereotactic-guided breast biopsy, compression of the breast by the biopsy
paddle/guide is firm but compression is necessarily peripheral to the target site. Unlike
ultrasound-guided procedures, there is an absence of real-time visualization of the biopsy site during the
stereotaxic- guided procedures and consequently patients may bleed significantly without detection
during the course of the typically more lengthy biopsy procedure prior to compression.

Furthermore, for a number of reasons affected by workflow patterns, compression after the biopsy is
variable in terms of its immediacy, accuracy and consistency. For interventional suites that choose to
compress patients while they remain on the biopsy table, the compression of the biopsy site is
immediate and accuracy is maintained as the biopsy site and needle tract remain directly deep to the
skin incision. Unfortunately, forceful consistent compression is difficult to apply and maintain as most
commonly used prone-table designs require the physician or technologist to apply manual digital
compression off axis to their body with their hand above their shoulder. ( ) The awkward
ergonomics may result in variable and suboptimal application of force for a standard ten minutes of
compression following biopsy and may be extremely difficult to maintain in cases of prolonged bleeding
requiring 15 to 20 minutes, or more, of manual compression.

Some centers, using prone tables, routinely move their patients to a stretcher for all or a portion of the
post-biopsy compression due to the difficult ergonomics associated with compression on the biopsy
table. Movement of patients from the biopsy table to a stretcher may result in a potentially significant
delay in the initial application of post-biopsy compression. This workflow pattern also diminishes the
accuracy of post-biopsy compression as breast rotation, attendant moving patients from a prone to a
supine position, necessarily destroys the linear alignment of all the possible sites of SGBB-related
bleeding from the skin incision and needle tack through to the breast-biopsy site. As the 180-degree
breast rotation makes the biopsy skin incision a poor guide to determining the location of the biopsy site
deep within often voluminous breast tissue targeting of the biopsy site for manual compression
becomes, in effect, an educated guess. ( ) Supporting the likelihood that these multiple factors are
important additional determinants of hematoma formation, consider that the highest hematoma rates
are routinely reported with MRI-guided breast biopsy (MRBB)® where in order to maintain lesion
enhancement and visualization, there is necessarily minimal peripheral compression of the biopsy site
during often lengthy biopsy procedures. Additionally, if patients are moved off the MRI table for
post-biopsy compression in the supine position, similar problems of delay and reduced accuracy of
post-biopsy compression described for stereotactic-guided biopsy would apply as well.



Image 5. Challenging ergonomics of standard manual compression with compressing hand of
technologist held above the shoulder and off axis to her body during compression.



Art 1.

A) Collinear straight-line arrangement of all possible bleeding sites, including incision, needle tract and
biopsy cavity, is preserved with maintenance of prone positioning post biopsy.

B) Loss of collinearity with breast rotation from prone to supine position. Note that after rotation, the
needle tract follows a 3-dimensional twisting arc. The location of the biopsy cavity for targeted
compression must be roughly estimated based on a woman’s breast size, the estimated depth of the
biopsy cavity and intra-procedural compression thickness of the breast, among other factors. After
patient rotation, the biopsy skin incision now offers minimal guidance for targeted manual compression.

Art Key: The yellow lines are reference lines between metallic markers placed on the skin (white) used
for supine to prone radiation therapy planning.

Red Star: biopsy cavity site
Blue Arrow: biopsy needle tract

White Arrow: biopsy needle and incision site

While not considered clinically significant by commonly reported definitions, MIBB-related hematomas
may, nonetheless, be the cause of signifiant post-procedural pain, create management dilemmas, and
cause significant patient dissatisfaction. Dershaw et al. ) reported that 33 of 100 patients experienced
pain following SGBB, in some cases lasting up to 2 weeks, with 15 patients requiring analgesics.
Post-biopsy pain was noted by 69% of patients as reported by Jackman et al. *®. Even a brief perusal of
patient-centered internet blogs describing stereotactic-breast biopsy often finds very unflattering
descriptions of SGBB- related bruising and painful hematomas. Patients frequently state that they are
told in effect, “Hematomas are just part of the procedure” or relate “They didn’t compress long enough
and now my entire breast is black and blue.” Our often used definitions of “clinically significant” may not
be applicable from the patient’s perspective.



Although most reported MIBB-related hematomas do not delay surgery, even a moderate hematoma, in
a small breast, may be problematic, resulting in a “treatment dilemmas”® or cause a clinically significant
delay in the “time to surgery” (TTS) following diagnosis. Delays in TTS, regardless of the causes, were
recently demonstrated to diminish overall and disease-specific survival.*®

Poor residual tumor-site visualization and clip displacement in association with hematoma may require
excessive tissue removal, thus reducing post-surgical cosmesis. Displacement of clips by hematomas,
movement of clips within the needle track due to loss of compression ,“accordion effect”, and both early
and delayed migration combined to produce clip malposition relative to the biopsy site of 20 mm or
more in 14% to 21.5%, as reported by Rosen et al. and Kass et al.>®*

It is hoped that use of this, or other mechanical compression devices, will encourage further study and, if
shown to be safe and efficacious, increase the acceptance of MIBB in the setting of diminished clotting
parameters when the risks of discontinuing antithrombotic therapy are significant. Patients on coumadin
and various antiplatelet drugs for coronary artery stents face relatively uncommon but potentially
devastating clinical risks, including stroke, peripheral arterial embolization, myocardial infarction and
death if anticoagulation and antiplatelet therapy is discontinued for even short intervals.*?>?® Bridge
therapy, conversion from oral anti-coagulation and antiplatelet therapy to IV heparin and back, is
expensive and has significant risks (primarily bleeding) that are similar to continuous therapy for patients
with atrial fibrillation, as reported by Douketis et al.?? For patients with recently placed bare-metal or,
more problematic, drug-eluting coronary artery stents requiring uninterrupted antiplatelet and
antithrombotic therapy, the decision is more complex, as reported by Nuttall et al. and S. Savonitto et
al.®2% While stopping blood thinners may be absolutely necessary for many major surgical procedures,
where massive blood loss might occur, the female breast is a closed space without continuity to the
chest and abdominal body cavities, thus altering the risk-benefit ratio. Multiple studies examining the
continuation of low-dose ASA and NSAIDS are supportive of MIBB in that setting, based on a
documented lack of “clinically relevant” hematomas in those cohorts, but acknowledge a significant
difference in rate and size of non-clinically significant hematomas.®**" Additionally, the decision to
continue coumadin therapy within the therapeutic range for patients with atrial fibrillation during MIBB
has support in the radiologic literature, but large data sets evaluating the use of ribaroxaban and
antiplatelet drugs, including clopridogrel, and multiple newer agents is lacking.®**

The risk-benefit discussion, often primarily between a patient and her cardiologist, regarding withdrawal
of anticoagulant and antiplatelet therapy for procedures, may be complex. Consideration of many
factors, such as whether or not a stoke occurred with atrial fibrillation, the time interval from recently
placed drug-eluting and less problematic bare-metal stents and which specific antiplatelet drug is being
used, among other factors, play into that calculation.

Complicating this decision, for the radiologist and patient, is a fear that prolonged manual compression
may be required for control of bleeding in a patient who may choose to continue anticoagulant and or
antiplatelet therapy. Understandably, this concern may alter a breast interventionist’s willingness to
proceed with MIBB in patients who might prefer to continue therapy. Patients, cardiologists and
radiologists are thus forced into an asymmetric assessment of risk and benefit that hinges on weighing
the small risk of a potentially devastating complication attendant withdrawal of blood thinners versus
the risks of managing a potentially difficult problem of bleeding after a biopsy. We believe that
potentially making that an easier choice, if possible, warrants continued study of this or similar devices.


http://bja.oxfordjournals.org/search?author1=S.+Savonitto&sortspec=date&submit=Submit

Given the low rate of clinically significant bleeding complications reported in the literature, a large
double- blinded multi-institutional study would be optimal and necessary to provide proper power and
guidance for evaluation of the safety and efficacy of MIBB with mechanical compression in the face of
ongoing antiplatelet and anticoagulant therapy.

CLINICAL PRACTICE POINTS

Bleeding and hematoma formation are the most common complications of stereotactic-guided breast
biopsy. Large hematomas following stereotactic-guided biopsy may displace marker clips, delay and alter
optimal surgical planning, diminish cosmesis and pose other treatment dilemmas. Biopsy related
hematomas diminish patient satisfaction and we believe that it should be acknowledged that our
commonly reported low rates of narrowly defined “clinically significant bleeding and hematoma
formation” offer little comfort to a large number of patients with extensive bruising or large post biopsy
hematomas.

Observed rates of hematoma formation following MIBB may be related to a number of factors, including
the size and number of core specimens obtained, but also may be significantly influenced by whether
compression was applied directly on, or peripheral to, the biopsy site during the biopsy as well as by the
immediacy, accuracy and sustainability of forceful post-biopsy breast compression.

The medical device studied addressed a number of the limitations of standard manual compression
following SGBB by providing immediate, accurate and consistent post biopsy breast mechanical
compression. Use of the device was shown to be non-inferior to standard manual compression
(p<0.0001) reducing the rate of hematomas by 70% and the size of hematomas by 52% relative to
historical controls.

Mechanical breast compression was well tolerated by patients and offers a potential welcome
improvement to staff workflow, with significant labor savings and reduced blood exposure for medical
personnel during compression. Future validation of the device in the setting of active anticoagulation
may help bridge a current clinical divide to our patients’ benefit.

Limitations of the Study

The study is a single-institution non-blinded study with historical control. The small numbers of patients
on low-dose ASA (8) is not sufficient for analysis, but our findings are consistent with many previous
studies where the rate of hematoma is increased, but the volume of hematomas is not, relative to
patients not currently on ASA or other antithrombotic therapy. !

Further Study of this device for use in anticoagulated patients is anticipated.

Conflict of Interest. The lead author of this study has secured a U.S. patent on the compression devices
with others pending. No other financial or personal interests exist.

Summary of hematoma rates (Table 1)



Guidanc | Needle Number Hemat | Hematoma Hematoma Cohort or | Anticoagul | Compressi | Lead author
e size/type cores oma volume Diameter study size | ants on type
rate (average)
used
391 0% Manual | Melotti (4)
us 14-G core |4.6 1.8% |[0.52cm (3) [1.0cm To 15
minutes
us 14 Gcore |5 tob 3.2% |9.2cm (3) 2.6cm(all) 339 Chetlen(3)
For all
patients
us 12-GVAB |NA 10% [9.2em(3) |2.6cm(all) |20 NA Chetlen (3)
(ATEC) For all
patients
Stereo |14 G Core |5.3 45% [ NA 0.6 mm 100 0% Melloti (4)
Stereo (14 GVAB |12 30.5% | 8.1 cm (3) 2.5cm 108 Liberman(6)
Stereo |11 G VAB 11 45% (0.4 cm(3) 0.8cm 171 1% ASA Melloti (4)
Stereo | 9-G VAB 24 42% | NA All 26 NA “10 min | Schaefer (5)
(ATEC) 19% |>1.8cm(3) [>1.5cm 26 Manual”
8-G VAB
(Mammoto |24 35.5% | NA All 31 NA Schaefer
me)
Stereo | 9-G VAB NA 25.5% | 9.2cm (3) 2.6cm 200 11.7% of |“5to 10 |[Chetlin (3)
ATEC >0.52 | For all For all all or
cm (3) | patients patients patients |more”
on ASA manual
(split on
an off
table)
(PC)
Stereo | 9-G VAB 10 7.5% |4.1cm(3) 2.0cm 120 7.6% low |11 min Kremers et al.
ATEC >0.52 dose ASA | mechani | (Current study)
cm(3) cal
(10 -20)
minutes
MRI 9- G VAB NA 43% |9.2cm (3) 2.6cm 58 NA “5to 10 | Chetlin (3)
ATEC For all For all or more”
patients patients




Appendix:

Volume of an ellipsoid Eq. (A.1) (P1/6) AXB X C, where A, B and C are the diameters of the hematoma.

References:

1: Harlow CL, Schackmuth EM, Bregman PS, Zeligman BE, Coffin CT. Sonographic
detection of hematomas and fluid after imaging guided core breast biopsy. J
Ultrasound Med. 1994 Nov;13(11):877-82. PubMed PMID: 7837335.

2: Deutch BM, Schwartz MR, Fodera T, Ray DM. Stereotactic core breast biopsy of a
minimal carcinoma complicated by a large hematoma: a management dilemma.
Radiology. 1997 Feb;202(2):431-3. PubMed PMID: 9015069.

3: Chetlen AL, Kasales C, Mack J, Schetter S, Zhu J. Hematoma formation during
breast core needle biopsy in women taking antithrombotic therapy. AJR Am J
Roentgenol. 2013 Jul;201(1):215-22. doi: 10.2214/AJR.12.9930. PubMed PMID:
23789678.

4: Melotti MK, Berg WA. Core needle breast biopsy in patients undergoing
anticoagulation therapy: preliminary results. ADR Am J Roentgenol. 2000
Jan;174(1):245-9. PubMed PMID: 10628487.

5: Schaefer FK, Order BM, Eckmann-Scholz C, Strauss A, Hilpert F, Kroj K,
Biernath-Wupping J, Heller M, Jonat W, Schaefer PJ. Interventional bleeding,
hematoma and scar-formation after vacuum-biopsy under stereotactic guidance:
Mammotome(®)-system 11 g/8 g vs. ATEC(®)-system 12 g/9 g. Eur J Radiol. 2012
May;81(5):e739-45. doi: 10.1016/j.ejrad.2012.01.033. Epub 2012 Feb 29. PubMed
PMID: 22381441.

6: Liberman L, Hann LE, Dershaw DD, Morris EA, Abramson AF, Rosen PP.
Mammographic findings after stereotactic 14-gauge vacuum biopsy. Radiology. 1997
May;203(2):343-7. PubMed PMID: 9114086.

7: Rohrer MJ, Michelotti MC, Nahrwold DL. A prospective evaluation of the efficacy of
preoperative coagulation testing. Ann Surg. 1988 Nov;208(5):554-7. PubMed PMID:
3190281.

8: Rosen EL, Vo TT. Metallic clip deployment during stereotactic breast biopsy:
retrospective analysis. Radiology. 2001 Feb;218(2):510-6. PubMed PMID: 11161170.

9: Kass R, Kumar G, Klimberg VS, Kass L, Henry-Tillman R, Johnson A, Colvert M,



Lane S, Harshfield D, Korourian S, Parrish R, Mancino A. Clip migration in stereotactic
biopsy. Am J Surg. 2002 Oct;184(4):325-31. PubMed PMID: 12383894.

10: Vitug AF, Newman LA. Complications in breast surgery. Surg Clin North Am. 2007
Apr;87(2):431-51. PubMed PMID: 17498536.

11: Somerville P, Seifert PJ, Destounis SV, Murphy PF, Young W. Anticoagulation

and bleeding risk after core needle biopsy. AJR Am J Roentgenol. 2008
Oct;191(4):1194-7. doi: 10.2214/AJR.07.3537. PubMed PMID: 18806164.

12: Jackman RJ, Burbank F, Parker SH, Evans WP 3rd, Lechner MC, Richardson TR,
Smid AA, Borofsky HB, Lee CH, Goldstein HM, Schilling KJ, Wray AB, Brem RF,
Helbich TH, Lehrer DE, Adler SJ. Stereotactic breast biopsy of nonpalpable lesions:
determinants of ductal carcinoma in situ underestimation rates. Radiology. 2001
Feb;218(2):497-502. PubMed PMID: 11161168.

13: Youk JH, Kim EK, Kim MJ. Atypical ductal hyperplasia diagnosed at sonographically
guided 14-gauge core needle biopsy of breast mass. AJR Am J Roentgenol. 2009
Apr;192(4):1135-41. doi: 10.2214/AJR.08.1144. PubMed PMID: 19304725.

14: Eby PR, Ochsner JE, DeMartini WB, Allison KH, Peacock S, Lehman CD.
Frequency and upgrade rates of atypical ductal hyperplasia diagnosed at stereotactic
vacuum-assisted breast biopsy: 9-versus 11-gauge. AJR Am J Roentgenol. 2009
Jan;192(1):229-34. doi: 10.2214/AJR.08.1342. PubMed PMID: 19098204.

15: Parker SH, Burbank F, Jackman RJ, Aucreman CJ, Cardenosa G, Cink TM, Coscia
JL Jr, Eklund GW, Evans WP 3rd, Garver PR, et al. Percutaneous large-core breast
biopsy: a multi-institutional study. Radiology. 1994 Nov;193(2):359-64. PubMed

PMID: 7972743.

16: Hann LE, Liberman L, Dershaw DD, Cohen MA, Abramson AF. Mammography
immediately after stereotaxic breast biopsy: is it necessary? AJR Am J Roentgenol.
1995 Jul;165(1):59-62. PubMed PMID: 7785633.

17: Dershaw, D. D., Caravella, B. A., & Liberman, L. Limitations and Complications in
the Utilization of Stereotaxic Core Breast Biopsy. Breast J. 1996; 2(1):13-17.
doi:10.1111/j.1524-4741.1996.tb00059.

18: Hardy RB, Innis C, Hunter TB, et al. Stereotaxically directed large-core breast
biopsy: Patient perceptions. Radiology 1993;189(suppl):326.

19: Jackman RJ, Nowels KW, Shepard MJ, Finkelstein SlI, Marzoni FA Jr. Stereotaxic
large-core needle biopsy of 450 nonpalpable breast lesions with surgical correlation in
lesions with cancer or atypical hyperplasia. Radiology. 1994 Oct;193(1):91-5. PubMed
PMID: 8090927.



20: Zografos GC, Zagouri F, Sergentanis TN, Nonni A, Koulocheri D, Fotou M,
Panopoulou E, Pararas N, Fotiadis C, Bramis J. Minimizing underestimation rate of
microcalcifications excised via vacuum-assisted breast biopsy: a blind study. Breast
Cancer Res Treat. 2008 May;109(2):397-402. Epub 2007 Jul 26. PubMed PMID:
17653855.

21: Newsome LT, Weller RS, Gerancher JC, Kutcher MA, Royster RL. Coronary artery
stents: Il. Perioperative considerations and management. Anesth Analg. 2008 Aug;
107(2):570-90. doi: 10.1213/ane.0b013e3181731e€95. PubMed PMID:

18633036.

22: Douketis JD, Spyropoulos AC, Kaatz S, Becker RC, Caprini JA, Dunn AS, Garcia
DA, Jacobson A, Jaffer AK, Kong DF, Schulman S, Turpie AG, Hasselblad V, Ortel

TL; BRIDGE Investigators. Perioperative Bridging Anticoagulation in Patients with Atrial
Fibrillation. N Engl J Med. 2015 Aug 27;373(9):823-33. doi: 10.1056/NEJM0a1501035.
Epub 2015 Jun 22. PubMed PMID: 26095867 .

23: Nuttall GA, Brown MJ, Stombaugh JW, Michon PB, Hathaway MF, Lindeen KC,
Hanson AC, Schroeder DR, Oliver WC, Holmes DR, Rihal CS. Time and cardiac risk of
surgery after bare-metal stent percutaneous coronary intervention. Anesthesiology.
2008 Oct;109(4):588-95. doi: 10.1097/ALN.0Ob013e318186ddf8. PubMed PMID:
18813036.

24: Savonitto S, D'Urbano M, Caracciolo M, Barlocco F, Mariani G, Nichelatti M,
Klugmann S, De Servi S. Urgent surgery in patients with a recently implanted coronary
drug-eluting stent: a phase |l study of 'bridging' antiplatelet therapy with tirofiban during
temporary withdrawal of clopidogrel. Br J Anaesth. 2010 Mar;104(3):285-91. doi:
10.1093/bja/aep373. Epub 2010 Jan 3. PubMed PMID: 20047898.

25: Bruening W, Schoelles K, Treadwell J, Launders J, Fontanarosa J, Tipton K.
Comparative Effectiveness of Core-Needle and Open Surgical Biopsy for the
Diagnosis of Breast Lesions [Internet]. Rockville (MD): Agency for Healthcare
Research and Quality (US); 2009 Dec. Available from

http://www.ncbi.nim.nih.gov/books/NBK45220/ . PubMed PMID: 20704042.

25a: Dahabreh |J, Wieland LS, Adam GP, Halladay C, Lau J, Trikalinos TA. Core
Needle and Open Surgical Biopsy for Diagnosis of Breast Lesions: An Update to the
2009 Report [Internet]. Rockville (MD): Agency for Healthcare Research and Quality

(US); 2014 Sep. Available from http://www.ncbi.nlm.nih.gov/books/NBK246878/.
PubMed PMID: 25275206.

26: Christensen AF, Al-Suliman N, Nielsen KR, Vejborg I, Severinsen N, Christensen H,
Nielsen MB. Ultrasound-guided drainage of breast abscesses: results in 151 patients.
Br J Radiol. 2005 Mar;78(927):186-8. PubMed PMID: 15730981.

27: Platt R, Zucker JR, Zaleznik DF, Hopkins CC, Dellinger EP, Karchmer AW, Bryan


http://www.ncbi.nlm.nih.gov/books/NBK45220/
http://www.ncbi.nlm.nih.gov/books/NBK246878/

CS, Burke JF, Wikler MA, Marino SK, et al. Perioperative antibiotic prophylaxis and
wound infection following breast surgery. J Antimicrob Chemother. 1993 Feb;31
Suppl B:43-8. PubMed PMID: 8449845.

28: Bleicher Richard J, Ruth Karan MS, et al. Time to Surgery and Breast Cancer
Survival in the United States. JAMA Oncol. 2015 December.
doi10.1001/jamaoncol.2015.4508 PubMed PMID: 26659430.

29: Simon, Baumgarner, Clark, et al. Manual versus mechanical compression for
femoral artery hemostasis after cardiac catheterizations. American Journal of Critical
Care. July 1998 (7:308-313) PubMed PMID: 9656045.

Authors:

Peter Kremers MD, Judd Goldberg MD, Mark Glass-Royal MD, Greg Lavanier MD, Jay Lehman MD and
Rhonda Neahausan RN

Corresponding Author:

Peter Kremers MD

Director of Mammography and Breast Intervention
Frederick Regional Health System
Peterkremers@comcast.net

Work 240-566-3421

Cell 301-401- 5853

Submission Declaration: No conflicts with Elsevier policies for multiple, concurrent or duplicate
submissions exist.

Conflict of Interest. The lead author of this study has secured a U.S. patent on the compression device(s)
with others pending. The FDA was involved in the study design and consent process through pre
submission discussions and is currently evaluating the devices for PMA 510 (K).


mailto:Peterkremers@comcast.net

No other financial or personal interests exist among the authors or staff. Specifically no employment of
the authors exists.

Funding: This study was self-funded by the lead author. No other funding sources were used.

The costs included the contractual hourly employment of a statistician who, in conjunction with the
FDA, agreed on initial study design for proper size and statistical power and provide statistical analysis of
the results for this paper and for FDA PMA submission.

An oncology nurse was employed on an hourly basis to aid in study design including consent and data
collection forms and analysis for local IRB and FDA review and acceptance.

Hourly consultation fees were paid to Mike Maloney (Intertox Corporation) for regulatory guidance and
interface with the FDA.

No institutional costs were incurred as our workflows for this study were not materially different than
standard departmental work flows. (Follow on post biopsy imaging required for this study for suspected
hematomas or abscess is routinely performed and is free of charge at our institution).

A mammography technologist, who was not involved in the study, was paid an hourly wage to compile all
imaging studies for review on a Hologic® work station.

All data was obtained and reviewed free of remuneration by all of the, nurses, patient navigators and
authors, including summary data by Dr. Judd Goldberg, all of whom, other than Dr. Kremers, have no
financial or other disclosable interest.

SecureConsent® software and electronic data storage (IRB approved) was provided free of charge
through Enforme Interactive, Frederick, Maryland.

Informed Consent
FDA and IRB approved consent was obtained for all 118 study patients and are available for review.

Consent for patient image(s) are available for review upon request.






