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Cryotherapy for Breast
Fibroadenomas1
PURPOSE: To assess freezing protocols, imaging, and clinical outcomes of percutaneous ultrasonographically (US)-guided cryotherapy for breast fibroadenomas.
MATERIALS AND METHODS: Institutional review board approval and patient
consent were obtained. Forty-two biopsy-confirmed fibroadenomas were treated in
29 patients (mean age, 27 years) by using a 2.4-mm cryoprobe inserted into the
fibroadenoma with US guidance. The first seven patients underwent conscious
sedation, but the other 22 patients required only local anesthesia. US and thermocouple monitoring of the procedure were performed to evaluate freeze protocols
based on tumor size. Saline injections protected the skin and/or chest wall. US
follow-up was performed at 1 week and at 1, 3, 6, and 12 months. Pre- and
12-month postcryotherapy mammograms were available for seven patients who
were over 30 years old. 2 and Student t tests were used to assess frequency and
mean differences, respectively.
RESULTS: The 22 patients who underwent local anesthesia reported minimal
discomfort. No significant complications were noted, and patients were very
pleased with the resolution of palpable mass effect and cosmetic results. The
average pretreatment fibroadenoma volume of 4.2 cm3⫾ 4.7 (standard deviation)
was reduced to 0.7 cm3⫾ 0.8 at 12-month follow-up (73% reduction, P ⬍ .001). US
produced excellent ice visualization beyond tumor margins, while thermocouples
confirmed cytotoxic temperatures approximately 5 mm behind the visible leading
edge. Two patients elected to undergo either removal or biopsy of a residual mass,
which revealed a shrunken hyaline matrix with preserved collagenous architecture.
Mammograms showed comparable resolution of mass effects with mild surrounding parenchymal reaction.
CONCLUSION: Cryotherapy of fibroadenomas is a safe, effective, and virtually
painless clinic-based (ie, outpatient) treatment option with good cosmesis.
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Nonsurgical treatments for benign breast masses have clinical goals of stopping growth
and/or reducing (removing) palpable mass effect without leaving a surgical scar (ie, good
cosmesis). If cryotherapy could accomplish these goals, substantial psychologic and economic benefits could be realized for many of the 1.3 million women who undergo breast
biopsy each year in the United States (1). Despite the increasing use of confirmatory needle
biopsy, an estimated 500 000 fibroadenomas are still surgically excised (2,3). Factors that
may lead patients to choose removal of a benign mass include palpable prominence,
localized discomfort, interval growth, and peace of mind. For certain patient groups,
multiple growing masses are more problematic. Fibroadenomas in African American
women occur at a younger age, are more commonly multiple, and overall have twice the
incidence of those seen in white women (4 –7).
Resection has been the standard, but nonsurgical options for benign or malignant breast
masses include vacuum-assisted biopsy (8,9), radiofrequency ablation (10,11), laser therapy (12), and cryotherapy (2,3,13,14). Newer 8-gauge vacuum-assisted biopsy devices may
achieve visual removal for some masses up to 2 cm in maximal diameter, but complete
resection may still be limited by targeting and/or visualization difficulties due to local
hemorrhage as multiple cores are obtained (9). Heat-based treatments are difficult to
monitor with ultrasonography (US) and are limited by potential skin damage if masses are
less than 1 cm from the chest wall or skin surface (11). Cryotherapy is easily visualized with
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high-frequency (ie, high-spatial-resolution) US as the ice margin extends beyond
the tumor, is virtually painless, and can be
used for masses near the skin. In this article
we describe the experience of the single
institution with the largest cohort and focus on its unique detailed imaging database, which was not covered in the article
from the multicenter trial (2,3), and share
some insights from our patient population.
The purpose of our study was to assess
freezing protocols, imaging, and clinical
outcomes of percutaneous US-guided cryotherapy for breast fibroadenomas.

MATERIALS AND METHODS
Patients
Procedures were performed under an
instutional review board–approved protocol as part of a multicenter prospective
trial. An informed consent form for the
trial was also approved by our institutional review board and was thoroughly
discussed with and signed by all patients.
This report is limited to the institution at
which more than 50% of cases in that
trial were performed (2,3), with collection of detailed imaging aspects of freeze
monitoring and evaluation over time.
Prior to cryotherapy, large-core needle biopsy was performed to confirm the diagnosis of 42 fibroadenomas in 29 patients.
All biopsy and cryotherapy procedures
were performed by a radiologist (P.J.L.)
with approximately 10 years of interventional and breast imaging experience.
The consecutive patients who met our
study criteria were newly diagnosed, had
growing fibroadenomas or palpable discomfort, and were offered resection in all
cases. A growing fibroadenoma was defined by an increase in at least two of
three dimensions on breast US images.
Age and race were assessed in relation to
outcomes. The first seven procedures
were performed as ambulatory surgery
and made use of intravenous sedation. It
quickly became apparent that an office
(outpatient) setting and local anesthesia
without sedation were more appropriate
for the procedure, so all subsequent cases
were performed in such a manner.

Equipment and Cryotherapy
Protocols
Real-time US guidance was used to document fibroadenoma sizes and to guide
thermocouple and probe placements, as
well as to monitor iceball formation and
associated safety measures (ie, sterile saline injections). US monitoring (model
9000; GE Medical Systems, Milwaukee,
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Wis) was performed (P.L.L., approximately 10 years of experience in US guidance) with a high-frequency (10 –13 MHz)
linear-array probe. Each fibroadenoma was
characterized with respect to its general location within the breast (ie, quadrant) and
its width, height, and length. Note was also
made of tumor blood supply by using
power Doppler estimates of internal, or
“feeder,” vascularity.
During the freeze cycles, the maximal
transverse dimension of the iceball was
recorded for each minute of the freeze and
refreeze cycles. Longitudinal iceball measurements do not change significantly during freezes along the 4-cm exposed tip;
therefore, overall ice lengths were consistently 5– 6 cm for all freezes. The iceball
size at the initiation of the second freeze
was back-calculated by using the stable
rates of iceball progression (in centimeters per minute). A disposable 2.4-mm–
diameter air-gap–insulated cryoablation
probe (Visica Treatment System; Sanarus
Medical, Pleasanton, Calif) was used for
all masses. In 10 cases, a multiple port
system (Cryocare; Endocare, Irvine, Calif)
was used so that two probes could be
used simultaneously, as follows: In nine
patients, two masses were treated at the
same time, and in one patient, two
probes were used to cover a larger discoid
mass (3.9 ⫻ 3.9 ⫻ 1.3 cm) for which the
long axis of the cryoablation probe simply could not be chosen for the greatest
fibroadenoma measurement. Freezing at
the distal end of the cryoprobe occurred
according to the Joule-Thompson effect,
in which argon gas is decompressed by
more than 2000 psi (14 000 kPa) within
the closed tip of the probe, reaching temperatures approaching that of liquid argon (⫺187°C).
The Visica Treatment System and Cryocare units have adjustable duty cycles,
which can be used to alter the length of
time that argon gas expands to cool the
probe. At “100% duty cycle” argon flows
continuously, while at “10% duty cycle”
argon flows for 1 second and is stopped
for 9 seconds of every 10-second period.
We decided that protocol freeze parameters needed to be altered after our first
case, in which we used a 100% freeze for
10 minutes, followed by a 10-minute thaw
and another 10-minute 100% freeze. The
resultant iceball dimensions (3.5 ⫻ 3.5 ⫻
5.5 cm) were considered too destructive
for the surrounding normal tissue in the
treatment of most benign tumors (ie, ⬍2
cm in average diameter). A balance of
sufficient freeze time and intensity was
standardized according to the size of fibroadenomas, which were grouped by

1-cm increments up to 4 cm, at all investigational sites (2,3). The freeze times
were selected according to the algorithm
to accommodate the greatest dimension
of fibroadenoma sizes for each of four
maximum tumor diameter ranges (protocols 1– 4: 0 –1.0 cm, 1.1–2.0 cm, 2.1–3.0
cm, and 3.1– 4.0 cm, respectively) within
the relatively insulating (ie, fatty) breast
tissues. The problem of inadequate treatment was prevented by limiting maximal
fibroadenoma dimension to 4 cm, which
also helped avoid the problem of phyllodes tumors, which are rarely smaller than
4 cm (2–6). In addition, if thorough coverage
by toxic ice (ie, ⬍⫺40°C) is achieved, even
locally aggressive higher-Gleason-score prostate tumors have shown potentially better
long-term outcomes than has surgery or radiation therapy (14).
At our investigational site, we also
elected to obtain thermocouple documentation of cytotoxic temperature margins within the breast tissues. For all tumors 1 cm in diameter or larger, each
100% duty cycle freeze was followed by a
maintenance freeze at 10% duty cycle;
this process was designed to maintain
cold temperatures within the tumor
while slowing the expansion of the iceball beyond its borders. Osmotic shifts
take place during thawing (15,16), which
sensitize cells for greater cytotoxicity during the second freeze. Therefore, a freezethaw-freeze technique was used in all
cases. The passive thaw between the first
and second freeze was continued until
the probe warmed to about ⫺1°C. Typically, the time required for such warming
was about the same as the total time of
each freeze.

Procedure
The patients were prepped and draped
in sterile fashion. The angle of approach
was chosen along the longest axis of the
fibroadenoma to use the longer freeze
length of the cryoprobe. A lateral or inferior puncture site was selected when
possible for best cosmetic results. The
overlying skin was infiltrated with buffered 2% lidocaine and was extended
around all tumor margins. After a 3-mm
skin nick was made, a 12-gauge coaxial
trocar needle (Bard, Covington, Ga) was
advanced through the center of the fibroadenoma. Transverse US scanning (Fig
1a) allowed us to verify central placement. Once the trocar needle tip penetrated the distal margin of the mass (Fig
1b), the stylet was removed and was replaced with the 2.4-mm cryoprobe. The
needle sheath was then retracted to exLittrup et al
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Figure 1. US images. (a) Transverse view of developing iceball (⬍1 cm in diameter; straight arrows) in 2.3-cm-diameter fibroadenoma (arrowheads)
at initiation of freeze. Thermocouple tip (curved arrow) is 7 mm from the cryoprobe. (b) Longitudinal view of fibroadenoma (arrowheads) with a
12-gauge trocar placement needle (arrows) prior to removal of the stylet and replacement with the cryoprobe. (c) Transverse view of growing iceball
(straight arrows) at 2 (left) and 3 (right) minutes, and thermocouple (curved arrow) is just becoming engulfed in ice at 6°C and ⫺6°C, respectively.
At 3 minutes, note the thickened skin distance (bracket) due to interval saline injection. (d) Transverse view of a large unusually shaped (ie, discoid,
not cylindrical) fibroadenoma with cryoprobes (straight arrows) in place (top) and growing ice at 1 minute (bottom). The thermocouple (curved
arrow) is about to be engulfed in ice. The iceball subsequently fused to create a smooth discoid shape, which was only possible with the probes
placed less than 1.5 cm apart and approximately 1 cm from the fibroadenoma margin.

pose the distal 4 cm of the cryoprobe.
The coaxial sheath also helped insulate
the insertion tract from freezing damage.
The system was then briefly activated at
10% duty cycle to “stick freeze” the probe
in place, while a thermocouple was placed
through an 18-gauge arterial needle. The
thermocouple tip was lodged beneath the
outer rim of the fibroadenoma, which prevented it from subsequently being
pushed laterally by the advancing iceball
in the loose breast fat (Fig 1c, 1d). Thermocouple distance from the cryoprobe
varied between 4 and 12 mm, depending
on the fibroadenoma diameter and the
depth of insertion of the thermocouple
beneath the capsule. Temperatures from
thermocouples within the fibroadenoma
Volume 234
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and along the skin surface were recorded
at 1-minute increments throughout the
procedure.
At the time of this trial, cryoprobes had
air-gap insulation and allowed freezing
temperatures to propagate up the probe
shaft. Skin protection at the cryoprobe
insertion site included the dripping of
sterile room-temperature saline on the
skin and the placement of moist gauze
between the probe (or sheath) and the
skin. US-guided sterile saline injections
(range, 10 – 40 mL) were used between
the iceball and the skin surface (Fig 2) or
chest wall, when needed, throughout
both freeze cycles to keep the advancing
ice at least 5 mm from either surface. In
later patients (ie, later in consecutive en-

rollement), saline injection was not necessary between the iceball and chest wall
as long as gentle to-and-fro movement of
the iceball within the breast was maintained. This motion prevented ice from
propagating posteriorly but needed to be
initiated before the ice margin came close
to the pectoralis muscle.
Switching from argon to helium gas by
means of the thaw switch on the systems
actively warmed the probe after the final
freeze cycle. This “active thawing” phenomenon facilitated prompt removal (ie,
⬍2 min) of the probe from the iceball.
Manual pressure was then applied for at
least 20 minutes to decrease the risk of
hematoma formation. Patients were discharged home with a pain scale questionCryotherapy for Breast Fibroadenomas
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Figure 2. (a) Longitudinal and (b) transverse US views show progress of saline injection. The needle (arrowheads) is increasing the distance
(arrows) from the skin surface to the fibroadenoma, from less than 3 mm (left image in both a and b) to more than 8 mm (right image in both a
and b).

naire to monitor any discomfort. A standard visual analog pain scale (ie, score of
0 –10, corresponding to a spectrum of facial expressions from happy [score of 0]
to crying [score of 10]) was used. Patients
were seen at follow-up at 1 and 6 weeks
and at 3, 6, and 12 months after cryotherapy in our comprehensive breast center.
At follow-up, patient satisfaction, tumor palpability, and clinical appearances
were evaluated by a single nurse practitioner (L.F.G.) with approximately 10
years of dedicated breast care experience
at our center. She monitored overall patient well-being (eg, constitution, affect),
as well as palpably measured mass effect
(ie, estimate of outer fibroadenoma margins in centimeters) and clinical appearance related to skin appearance and/or
scarring. All US images and available
mammograms (n ⫽ 7) were evaluated by
an experienced breast imager (P.J.L.).
Margins of treatment effect in adjacent
tissues and the underlying fibroadenoma
were both measured on US images, and
the overall appearance (eg, cystic component, vascular flow) was noted. Since the
number of follow-up mammograms was
too limited for any significant analysis,
overall appearance (ie, visibility and/or
size of fibroadenoma mass effect and
density of surrounding parenchyma) was
noted. Three patients underwent follow-up biopsy because of their concern
and/or dissatisfaction about persistent or
perceived increase in palpable mass effect. Specimens were evaluated by a pathologist (W.S.) with approximately 15
years of breast pathology expertise.
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Statistical Analysis
Assessment was limited to observational differences and was not intended
to power the sample size of the study.
The two-tailed Student t test was used for
all mean value comparisons. The 2 test
was used for frequency comparisons (ie,
percentages). A significant difference was
declared at P ⬍ .05. Analyses were performed by the lead author (P.J.L.) by using calculated fields on a standard
spreadsheet (Excel; Microsoft, Redmond,
Wash) and were validated by the sponsoring company (Sanarus Medical).

RESULTS
Twenty-nine patients underwent cryoablation of 42 fibroadenomas. Nine patients had two fibroadenomas treated in
one session and 19 had a single fibroadenoma treated. One 15-year-old white
patient who had undergone four previous resections and had associated keloid
scarring underwent three cryotherapy
sessions for five new fibroadenomas
treated within this protocol, and the sessions were performed approximately 3
months apart. She also had two additional fibroadenomas treated off-protocol (ie, not included in this study) following U.S. Food and Drug Administration
approval of the procedure and coverage
by her insurance. African American patients comprised the majority of the
study group (16 of 27, 60%). Patient age
ranged from 13 to 50 years (mean, 26.6
years); African American (n ⫽ 16) and
non–African American (n ⫽ 11) patients

had mean ages of 24.6 years ⫾ 11.9 (⫾
standard deviation) and 29.0 years ⫾
11.9, respectively. There was no statistically significant difference in the mean
age by race nor was there any significant
racial predilection for other outcome parameters (P ⬎ .05). A total of 37 fibroadenomas had at least 1 year of follow-up.
Because of the young age of most patients, only seven women (over 30 years
of age) underwent pre- and postprocedure mammography. Patient-reported
pain on the visual analog scale averaged a
score of only 1 (out of 10) during the first
week, then pain resolved. The average
pretreatment fibroadenoma volume of
4.2 cm3⫾ 4.7 was markedly reduced to
0.7 cm3⫾ 0.8 at 12 months (73% reduction, P ⬍ .001).

US and Temperature Monitoring
Rapid iceball growth occurred with the
initial 100% duty cycle at an estimated
rate of 1.2 cm/min for the first minute
and then slowed to approximately 0.3
cm/min for the next 3 minutes for all
protocols (Fig 3). The 10% “maintenance” freeze slowed the rate of iceball
expansion to less than 0.1 cm/min. During the thaw phase, the iceball diameter
reduced approximately 7– 8 mm in all
protocols. During the second freeze, progression of iceball size during the 100%
duty cycle was approximately 0.4 cm/
min for protocol 2 but was only 0.15
cm/min for protocols 3 and 4. Slowing of
the iceball progression at 10% duty cycle
in the second freeze (0.075 cm/min) occurred promptly for protocol 2 but appeared delayed by 1 and 2 minutes for
Littrup et al
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Figure 3. Graph shows transverse iceball dimensions over time for three freeze protocols, as well
as lowest mean temperature attained at completion of second freeze. The two sets of ice growth
curves correspond to the freeze portions with intervening thaw, which shows that small tumors
were treated within about 18 minutes whereas the largest tumors took about 30 minutes total.
Protocol 2 (1.1–2.0-cm fibroadenoma) ⫽ 2 minutes at 100%, 4 minutes at 10%; Protocol 3
(2.1–3.0-cm fibroadenoma) ⫽ 4 minutes at 100%, 4 minutes at 10%; Protocol 4 (⬎3-cm fibroadenoma) ⫽ 4 minutes at 100%, 6 minutes at 10%.

protocols 3 and 4, respectively. The second freeze cycle expanded the freeze rim
approximately 5 mm beyond the greatest
extent achieved at the conclusion of the
first freeze for all protocols. At the end of
the second freeze, no differences in mean
iceball diameter were noted between protocols 2 and 3 (approximately 2.0 vs 2.4
cm, respectively; P ⬍ .05) than between
protocols 3 and 4 (approximately 2.4 vs
2.6 cm).
Cytotoxic tissue temperatures (⬍⫺20°C)
were noted at the periphery of the iceball
at the completion of the second freeze for
all protocols. Average final temperatures
were used to avoid inherent measurement
errors with thermocouple placements and
their associated variable distances from
the cryoprobe. Lower temperatures were
noted for longer freeze times, which suggests that while the iceball may not grow
significantly after a stabilization phase, the
cytotoxic isotherm continues to move
closer to the visualized ice margin over
time. From these observations, a uniformly cytotoxic temperature of less than
⫺40°C (14 –16) appeared to lay approximately 5 mm behind the leading edge of
the visualized iceball at the second freeze.
Total procedure times were not specifically measured, but Figure 3 confirms
that the actual total time for freezing cycles and probe removal is less than 30
minutes.
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Follow-up Imaging and Clinical
and Pathologic Evaluation
The change in US appearance over
time provided both qualitative and quantitative information about the healing
phases of breast cryoablation. By the end
of the second freeze, ice margins extended
beyond the fibroadenoma margins in all
patients. This was substantiated by noting
the evolving US appearance of the fibroadenoma and adjacent breast tissue during follow-up (Fig 4). Color Doppler flow
was not seen within the treatment zone
but appeared more intense immediately
beyond the echogenic cryoablation margin during the first week after ablation.
Color Doppler evaluation at later follow-up
still showed no significant flow in the cryoablation zone and showed more normalized flow in adjacent tissue. After 3
months, differentiation of the ablated fibroadenoma from the surrounding treated
area at US became more difficult in some
patients. At 6 months, four fibroadenomas showed some fragmentation, one of
which had a cystic component. At 12
months, continued shrinkage occurred
to the point that five of the fibroadenomas could no longer be identified, and 10
were reduced by more than 90% in volume.
A potentially aberrant healing reaction
in the surrounding parenchyma occurred
in three younger patients and was there-

fore seen only at US (Fig 5). At 6 months,
a palpably soft but larger area was noted
at physical examination and US of the
treatment site. The region had overall
echotexture similar to that of hypoechoic
breast fat, including subtle structural
bands. While no significant color Doppler flow was noted in the central fibroadenoma scar, normal color Doppler flow
was noted within this surrounding region. One patient elected to continue
conservative observation with US. One
patient elected to undergo resection of
the whole area, and another underwent
large-core needle biopsy of the peripheral
and central areas. Histologic results are
available from these two cases of periablation tissue reaction (Fig 5), as well as
from the single case in which a patient
requested excision for suboptimal tumor
volume reduction, despite a decrease
from 2.0 to 0.7 cm3 (70% reduction). In
all three of these cases, histologic results
from the fibroadenoma scar revealed extremely hypocellular or acellular collagenized stroma with very few or absent
epithelial components. The two excision
specimens demonstrated close size correlation with that seen on the US image of
the shrunken scar (Fig 5d). In all three
cases, peripheral histologic evaluation revealed normal breast tissue (Fig 5c). In
the case of the dissatisfied patient, the
peripheral breast tissue had some areas of
fibrosis. Her preprocedural core biopsy
had also demonstrated a more fibrotic
and less cellular tumor.
Follow-up mammograms were available only for the seven patients older
than 30 years. These mammograms had
an appearance similar to that of the final
US pattern (Fig 6), but some were difficult
to explain; namely, in patients who had a
minimal discernible nodule at mammography, one had a distinct smaller mass at
US (Fig 6, A), while another had residual
ill-defined changes at US (Fig 6, B). Two
of the patients had a slightly larger area
of asymmetric density remaining in that
area, one of whom was the patient who
had cystic degeneration (Fig 6, C).
Among the patients who had a palpable mass prior to treatment of their fibroadenomas (95%, 40 of 42), 12-month follow-up questionnaire data were available
regarding 37 fibroadenomas. Of these,
89% (33 of 37) had palpably resolved or
were substantially less noticeable to the
patient by 12 months after the procedure. Patients and health care providers
were very satisfied with the cosmetic outcomes. No apparent skin alteration over
the iceball site was noted. There were no
cases of “volume reduction” skin depresCryotherapy for Breast Fibroadenomas
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Figure 4. Transverse US images of a fibroadenoma. (a) Image with
power Doppler view (right) shows only a small amount of internal
flow (arrow), common for growing fibroadenomas in our series.
(b) Images show cryotherapy site at 1 month (left) and 3 months
(right) later. Decreasing thickness of adjacent echogenic breast tissue
(arrows) most likely corresponds to resolving edematous and/or inflammatory reaction and/or necrosis surrounding the shadowing central fibroadenoma. (c) Images show cryotherapy site at 6 (left) and 12
(right) months later. The presumed peripheral organizing necrosis
continues to resolve (arrows), as does the central fibroadenoma (decrease of 70%).

sion that can accompany open surgical
excision. Scarring at the probe insertion
site ranged from complete healing (ie,
clinically undetectable) to some hypopigmentation of up to 1.5 cm in three
African American patients at 3 months.
However, the hypopigmentation resolved at between 6 and 12 months and
was attributed to the air-gap–insulated
probe. The greatest skin effects were related to different surgical tapes used with
the covering gauze pads. Later patients
were given only a bandage after the 20minute compression and were told to
place gauze over the bandage and beneath a supportive brassiere to manage
any minor immediate oozing. Only one
African American patient had a 5-mm
hypertrophied scar, or minor keloid formation, at a cryoprobe insertion site. All
patients were offered the opportunity to
undergo resection of any residual fibroadenoma if they were displeased with the
outcome. To date, only two patients have
elected to undergo resection (one for a
persistent palpable nodule, the other for
the previously noted periablational tissue
68
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reaction). Several patients displayed their
satisfaction by undergoing repeat cryoablation for other fibroadenomas off protocol, once the cryoablation system was
approved by the Food and Drug Administration for that indication and became
commercially available.

DISCUSSION
Clinical results from our multicenter trial
of cryotherapy for breast fibroadenomas
have been previously reported (2), and
only unique patient features (ie, multiple
probes, thermocouples, histologic evaluation) and imaging findings are reported
here. The imaging details and characteristics of our patient population are reported
in this article to highlight cryobiology principles of selected freeze protocols, available histologic results, longer US imaging
outcomes, and potential racial implications. We found the procedure to be easily monitored with US, virtually painless,
and highly amenable to a breast clinic or
outpatient radiology setting, and it can

be performed with only local anesthesia.
US also provided reliable follow-up over
time, corroborating encouraging clinical
outcomes of resolved mass effect and excellent skin cosmesis. Other than transient hypopigmentation at the insertion
site, African American patients responded
to cryotherapy as well as white patients
and showed no evidence of increased keloid formation (17).
Despite common racial trends regarding fibroadenomas and keloids (4 –7,18),
the most impressive outcome was in a
white adolescent who showed nearly
complete palpable resolution of seven fibroadenomas treated over an 18-month
period (five sessions). She also experienced marked improvement in psychological status and social affect as a result
of avoiding contemplated bilateral mastectomies, since she had formed keloids
at each of her four resections sites prior to
enrolling in this study. Her unusual case
(ie, white) still suggests potential connections between benign conditions of altered growth factors. Further work is
needed on the etiology of increased fibroadenoma incidence (4 –7), keloids (18),
and leiomyomata (19) in African-American women, as well as on the potential
immune connection of developing fibroadenomas in patients undergoing cyclosporine therapy after transplantation surgery (20). Cryotherapy thus appears
Littrup et al
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Figure 5. (a) US image shows potentially aberrant healing reaction (calipers, 6.3 ⫻ 2.3 cm) 6 months after cryotherapy, consisting of a
well-circumscribed hypoechoic area surrounding the atrophied fibroadenoma (arrows). (b) US image of core biopsy specimens of the central (left)
and peripheral (right) components of the healing reaction. Hypoechoic margin of the masslike healing reaction (arrowheads) and shrunken
underlying fibroadenoma (arrows) are seen. (c) Images of central and peripheral biopsy specimens from b at two magnifications. Central biopsy
specimens confirm residual whirled architectural pattern of fibroadenoma (⫻4; arrowheads) replaced by a paucicellular hyaline background (at
⫻10). Peripheral biopsy specimens show normal parenchyma with glandular epithelium (arrows). (Hematoxlyin-eosin stain). (d) Low-magnification whole-specimen view of resected fibroadenoma treatment site (arrows) in the woman who elected to have residual palpable mass effect
removed despite US volume reduction (70%). Note acellular central hyaline background without evidence of residual viable fibroadenoma tissue.
(Hematoxlyin-eosin stain; original magnification, ⫻2).

encouraging for special patient groups
with multiple and/or growing fibroadenomas.
Important freeze protocol details and
equipment differences were not covered
in our initial article (2) but can now be
better compared (14). Pfleiderer et al (14)
documented mean iceball diameters over
time by using a 3-mm probe (CryoHit;
Galil, Yokneam, Israel) in 16 breast cancers. A notable difference is the speed in
achieving a 2.0-cm iceball during the first
freeze, which took less than 4 minutes in
our series but took approximately 6 minutes with the 3-mm probe in the study by
Pfleiderer et al. While the final iceball size
of 2.7 cm (after two 7-minute freezes) in
Volume 234
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that study was similar to our final diameter of approximately 2.9 cm in protocol
3, ours was achieved by using only 4-minute
freeze cycles at 100% flow rate. Pfleiderer’s
group did not record tissue temperatures;
they reported only on temperatures from
within the probe. In our series, we have
shown that thoroughly cytotoxic temperatures (⬍⫺40°C) (15–17) occur approximately 5 mm behind the visible second freeze margin during the second freeze
and were achieved with faster, more lethal
freeze rates. The air-gap–insulated probes
used in this study have been replaced by
vacuum-insulated trocar-tipped 2.7-mm
cryoprobes, eliminating the need for skin
protection at the insertion site.

Our clinical success (73% tumor volume reduction and reduction of palpability to acceptable levels in 89% of cases)
may relate to a combination of our technique, probe characteristics, short-axis
fibroadenoma diameters, and freeze protocols. The protocols used maximal fibroadenoma measurements, yet our technique placed the long axis of the
fibroadenoma along the probe shaft to
take advantage of the probe’s approximately doubled freeze length compared
with its width or depth. Therefore, the
short-axis diameters of the fibroadenoma are more important for precise
tumor targeting than is the overall average diameter. Over-freezing beyond
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Figure 6. Mammograms with US correlates
show changes with cryotherapy at 1 year. A,
Mediolateral oblique mammograms of 2.5-cm
left axillary tail mass before cryotherapy (left)
show minimal mass effect after cryotherapy
(right); top inset on each image is a magnified
view. However, the US image (bottom inset,
postcryotherapy image) shows a residual small
mass effect (curved arrows). B, True lateral
mammograms of a distinct central mass within
dense breast parenchyma before cryotherapy
(left) also shows minimal mass effect after
cryotherapy (right), which is better seen in
compression views (right inset on each image).
The follow-up US image (left inset, postcryotherapy image) only shows ill-defined parenchymal changes (curved arrows). C, True lateral mammograms of a 2.8-cm periareolar
mass in a fatty breast before cryotherapy (left)
show a slightly greater surrounding density after cryotherapy (right), with a central oil cyst;
top inset on each image is a magnified view.
US image (bottom inset, postcryotherapy image) shows cystic component (curved arrow on
right) and adjacent ill-defined parenchymal
changes (curved arrow on left).

the limits of the tumor in the longitudinal axis (eg, smaller tumors) and under-freezing in the short axis (eg, larger
tumors) may be easily remedied by using newer vacuum-insulated cryoprobes. These will also be modified to
have shorter longitudinal freeze dimensions for more spheroid ice that better
matches tumor shapes. Probe selection
options will allow greater treatment
flexibility while lessening the burdens
of precise central probe placement in a
firm tumor lying within loose breast fat
(ie, mobile and operator-dependent).
Rapidly advancing cryotechnology will
also be crucial for cancer applications
that have great potential for breast conservation yet require thorough understanding of cryobiology principles (14).
Many of our patients who had maximal tumor diameters of less than 2 cm
(n ⫽ 15) were adolescents and other nulliparous females, for whom future lactation is a concern. We thus modified our
freeze protocol after this trial to reduce
excessive necrosis of normal tissue while
maintaining aggressive freeze parameters. Rapid dual freezes could minimize
the role of the “maintenance” portion of
each freeze (16,17). This dual-freeze technique is similar to current prostate freezing protocols that use tightly controlled
thermocouple monitoring (15), which
has recently progressed to automated
control of multiple cryoprobes by way of
adjacent thermocouple readings (AutoFreeze, Endocare). Yet the longer a freeze
is held near the maximum iceball capac70
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ity of each probe, the colder the isotherm
becomes at the ice margin (⫺29°, ⫺38°,
⫺45°C for protocols 2, 3, and 4, respectively).
While we are confident that standardized freeze protocols can work well for
less-experienced physicians, we currently
emphasize close monitoring with US for
all mass sizes. For masses less than 2 cm
in short-axis diameter, we rapidly push
the ice margin 3–5 mm beyond the fibroadenoma margins at 100% duty cycle,
thaw for at least 6 minutes, then rapidly
refreeze to even greater ice size. For larger
masses that approach the maximal freeze
capacity of the cryoprobe (ie, ice expansion slows to “maintenance” rates of approximately 0.1 cm/min), longer freeze
times are needed to achieve the expansion of the lethal isotherm, as seen in the
later portion of the freeze curves. Larger
freezes approaching 3 cm may need to be
held for up to 10 minutes each, with an
interposed thaw for more than 6 minutes. Alternatively, we also now use a
bracketing approach for masses that are
3– 4 cm, whereby we place two probes
approximately 1.5–2.0 cm apart to allow
rapid freezing and to thoroughly cover
tumor margins. We recognize that these
modifications require greater operator
dependence. However, ice monitoring after probe placement is easily seen by using high-frequency (ie, high spatial resolution) linear-array breast US transducers,
similar to the exquisite monitoring of hepatic cryotherapy by using intraoperative
US (21).
The limited confirmatory tissue from
this series corroborates pathologic findings of cryotherapy in other organ systems. Minimal scarring from cryotherapy
makes it widely used for many dermatologic conditions (22). The preservation of
collagenous architecture in a fibrous target (23) helps explain why postcryotherapy prostates maintain similar shape
and size, while biopsy specimens show
only a hyaline-replaced matrix (15). Similarly, the lack of perforation and/or destruction of the cartilaginous rings of the
bronchial tree by using cryotherapy led
some to suggest its superiority over heatbased ablations for endobronchial neoplasms (24). The excellent cosmetic outcome (ie, 80% palpable resolution and
minimal skin-puncture site) for patients
in our series suggests minimal scarring,
with similar architectural preservation of
the shrunken fibroadenoma collagen matrix. The lack of satisfactory palpable
shrinkage in the one patient who elected
to undergo resection may relate in part to
the relatively fibrous nature of the preVolume 234
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treatment biopsy specimens (ie, similar
to the more fibrous architecture of prostates showing minimal shrinkage). Further work is needed to assess whether
hypocellularity in pretreatment biopsy
specimens may serve as a prognostic indicator for satisfactory cryotherapy response (ie, is the fibroadenoma more on
the “fibro” or the “adenoma” end of the
spectrum?).
US also served as a surrogate for histologic response at follow-up. Early increased echogenicity of ablated tissue beyond the fibroadenoma and the early
hypervascular rim mostly likely relates to
acute edema and an inflammatory infiltrate at those sites (22). The increasingly
hypoechoic appearance over time likely
represents tissue involution and organization that is similar to a healing hematoma. One patient did have a small cystic
area develop within the fragmentation of
the primary fibroadenoma by 6 months.
This “autofragmentation” phenomenon
corresponded to virtual resolution of the
palpable area in most patients. The central areas of the fibroadenoma scar on US
images also appeared to closely correspond to pathologic measurements of
the hyaline replacement in the shrunken
collagenous architecture of the former fibroadenoma. While the mammographic
data are limited, they suggest a similar
overall healing course, with decreased
mass effect and no evidence of dystrophic calcifications.
The potential aberrant tissue reactions
surrounding the involuted fibroadenoma
in three (11%) of 27 patients are difficult
to understand in the face of histologic
results from biopsy and resection specimens that showed normal surrounding
breast parenchyma. We can only postulate an exacerbated healing reaction that
may have a complex immunologic, genetic, and/or hormonal basis. Cryoablation zones have a surrounding hypervascular rim, which has been shown to
create apoptosis in cells near the periphery that do not die immediately (22).
Cells surviving those apoptotic mechanisms may be prone to hyperstimulated
growth, whether that is from hormonal,
vascular, or other stimuli. The idiosyncratic tissue reactions seen in our patients
most likely incorporate several facets of
these complex interactions, suggesting
both caution and future treatment possibilities for any malignancy. Specifically,
cryotherapy for breast cancer requires detailed knowledge of US-driven freezing
protocols to avoid under-treatment of tumors larger than 1.5 cm (14). Likewise,
the hypervascular rim suggests a poten-

tial for enhanced chemotherapy delivery
or greater sensitization to radiation. Regardless of the type of image-guided
breast cancer treatment, clear definition
of tumor margins in relation to treatment margins will be crucial (25). This
may require further developments in US
to provide clear tissue differentiation (26)
and monitor treatment outcomes rather
than rely on the costly and limited access
of magnetic resonance imaging (27).
Limitations of the current study involve the rapidly developing cryoablation technology and associated technique modifications. During the course
of this study, an important cryoablation
technology advancement included the
vacuum jacket of the cryoprobes, which
thereby removed the need for an insertion trocar or associated continuous fluid
dripping for skin protection. In addition,
it was noted that saline injection was
needed only for skin overlying a fibroadenoma, since the underlying pectoralis
muscle could be protected by simply elevating the whole probe with gentle toand-fro movement. The thermocouple
monitoring performed for this study was
done primarily for definition of freezing
protocols to help automate the equipment for physician offices or clinics.
However, practicing radiologists will recognize the ease of use in simply monitoring the echogenic iceball as its rim extends 0.5 mm beyond the fibroadenoma
margin. The operator dependence of
placing the probe within the center of a
lesion may be a limitation for less-skilled
imagers but also emphasizes the important role of radiologists for this procedure. As cryoablation technology gets applied to breast cancer in the future, the
need for thermometry to ensure cytotoxic temperatures beyond well-visualized tumor margins becomes more critical, similar to prostate cryotherapy, in
which thorough treatment of even aggressive tumors has been validated (14).
In summary, scarring and cosmesis are
not trivial concerns for patients undergoing breast surgery, especially for women
with multiple tumors, history of keloid
formation, or prior excisions. Cryotherapy of breast fibroadenomas causes minimal discomfort and can provide improved cosmesis with which patients are
very satisfied. In addition, costs for treating benign tumors may be reduced by
preventing open resection, as well as by
treating tumors in an outpatient clinic
setting rather than in an ambulatory surgery setting.
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