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Cryolipolysis for Reduction of Arm Fat: Safety and Efficacy
of a Prototype CoolCup Applicator With Flat Contour

Jean D. CarrUTHERS, MD, FRCSC, FRC (OPHTH),*t SHaANNON HUuMPHREY, MD, FRCPC, FAAD,*#
AND JasoN K. Rivers, BSc, MD, FRCPC, FAAD*

BACKGROUND Cryolipolysis of the arms has been shown to be an effective but somewhat time-consuming
process.

OBJECTIVE The study evaluated safety and efficacy of a contoured cup cryolipolysis applicator for reduction
of arm fat. The prototype was designed to maximize tissue contact with the cooling surface to improve
comfort, while reducing treatment time by 25 minutes.

MATERIALS AND METHODS Both arms were treated using a prototype device that delivered treatment in
35 minutes at —11°C. Photographic and ultrasound documentation was captured at baseline and 12 weeks
post-treatment. Efficacy was assessed by photo review and measurement of fat reduction in ultrasound
images. Immediately after 1, 4, and 12 weeks post-treatment, clinical assessments were performed to evaluate
treatment areas and sensory alterations.

RESULTS Thirty women were enrolled and completed treatments to both arms. Ultrasound measurements
found mean fat layer reduction of 3.2 mm with an SD of 2.7 mm. Blinded independent photo review found
85.2% correct identification of baseline photographs by at least 2/3 of reviewers. There were no unanticipated
adverse device effects. Four study subjects experienced numbness in the treatment area beyond the 12-week
visit that subsequently resolved without intervention.

CONCLUSION These data suggest that the CoolCup prototype applicator provides rapid, safe, and effective
arm treatment.

Supported by ZELTIQ Aesthetics, manufacturer of the CoolSculpting System. J.D. Carruthers, S. Humphrey,
and J.K. Rivers are clinical investigators for ZELTIQ Aesthetics.
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pain and numbness during treatment.'* These
unwanted side effects are likely caused by compression
of the ulnar nerve by the applicator, particularly near
the medial condyle on the humerus.

For most cryolipolysis treatments, tissue is pulled by
vacuum suction between 2 parallel cooling plates for

a treatment duration of 60 minutes. To reduce treatment
time and improve patient comfort, efforts have been
made to improve the efficiency of tissue cooling. The
cryolipolysis applicator has been redesigned to create

a contoured cup surface to maximize tissue contact with
the cooling surface. A contoured, cooled cup had been
successfully developed for small volume fat reduction,
such as in the submental area.'” Subsequently, a pro-
totype contoured cup applicator (—11°C for 35 minutes)
was investigated with a standard cryolipolysis applicator
(—10°C for 60 minutes) in a flank cryolipolysis study and
found to have equivalent safety and efficacy with greater
patient preference.'” This study uses a similar contoured
cup prototype applicator with a flat body contour suit-
able for treating the arm. The safety and efficacy of arm
treatment were evaluated using a prototype applicator
which reduced treatment time by 42 %.

Previous arm studies investigated cryolipolysis using
a flat parallel plate applicator in small pop-
ulations.'>'* This is the first study of cryolipolysis for
subcutaneous fat reduction in the arms with a large
patient population.

Materials and Methods

This was a prospective, multicenter, open label,
interventional cohort study. The study was registered
at ClinicalTrials.gov (identifier NCT02669329). The
protocol was approved by Quorum Review Indepen-
dent Review Board.

The bilateral treatment study evaluated the prototype
cryolipolysis applicator with a flat contour. The pro-
totype device was created by modifying an existing
parallel plate cryolipolysis vacuum applicator with

a flat body contour (CoolFit). A machined metal insert
was installed in the modified applicator to create

a cooled, contoured cup surface (Figure 1). The con-
toured cup allowed the tissue to fully seat against the
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Figure 1. Prototype CoolCup was created by inserting
a machined metal cup into a modified parallel plate cry-
olipolysis applicator.

cooled treatment surfaces. Each subject received one
—11°C, 35-minute cooling cycle to each arm delivered
using a prototype medium volume contoured cup
vacuum applicator (CoolCup).

Eligible subjects were men or women, between 22 and
65 years of age, and with clearly visible subcutaneous
arm fat. Subject selection guidelines included a distinct
bulge of fat in the arm at least 14 cm from the elbow,
with soft, pliable tissue of sufficient volume for treat-
ment, and elbow to axilla length of at least 20 cm

to minimize risk of ulnar nerve involvement during
treatment. Exclusion criteria included patients that
had a previous fat reduction procedure or implants in
or near the treatment area, previous surgery in the
arms, known history of cryoglobulinemia, cold urti-
caria, cold agglutinin disease, or paroxysmal cold
hemoglobinuria, Raynaud disease, bleeding disorder,
or current medications which may increase the risk of
bruising, history of carpal tunnel syndrome, com-
partment syndrome, or deep vein thrombosis in the
upper extremities, and having an active implanted
device such as a pacemaker, defibrillator, or drug
delivery system. For the duration of the study, subjects
were instructed to avoid implementing major diet or
exercise routine changes to maintain their weight
within =5% of baseline measurement.
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The efficacy end point was defined as 75% or greater
correct identification of the pretreatment images by at
least 2/3 of the blinded, independent physician
reviewers with expertise in the areas of dermatology
and/or plastic surgery.

The primary safety end point was defined by moni-
toring the incidence of device- and/or procedure-
related unanticipated adverse device effects.
Immediately after treatment and at the 4- and 12-week
follow-up visits, clinical assessments were performed
to evaluate the treatment areas. Clinical assessments
involved visual assessment of the treatment site and
querying the study subjects about any changes in
sensation that they might be experiencing. One week
post-treatment, subjects were also contacted by tele-
phone or email to assess the condition of the treatment
areas. Anticipated treatment side effects, such as
bruising, erythema/purpura, edema/swelling, numb-
ness, and tingling at the treatment site, were evaluated.
Subjects were assessed throughout the study for
adverse events.

The study was statistically powered for a minimum of
24 subjects to meet a 55% correct photograph iden-
tification criterion. With 48 photograph pairs, the
study results have 1 — 8 = 80% statistical power to
declare 75% statistically larger than 55% (Ho: mq <
o vs Hy:my > my where w1 =0.75 and w5 =0.55) when
using a 1-sided exact binomial test with a = 0.025
statistical significance. To account for attrition, an
additional 6 subjects were recruited in the study, for
a total of 30 study subjects.

Photographs were taken at pretreatment and 12-week
post-treatment visits by the same photographer to
ensure consistent photographic methods. At the
baseline and follow-up visits, photographs were
acquired using a standardized photography set-up
(Nikon D810, Nikon 60 mm lens, 2 DynaLite strobes
setto 125 W/s, black backdrop) to ensure consistency,
Figure 2.

Study subjects were positioned standing with their
arms resting on an adjustable height fixture, Figure 3.
At the post-treatment visit, the photographer adjusted
the fixture to replicate the baseline fixture height for
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Figure 2. Standardized photography set-up and arm sup-
port fixture.

each subject. A live view image was superimposed over
each subject’s baseline image to facilitate exact arm
positioning. Subsequently, photographs taken at the
12-week post-treatment visit were compared with
those taken at baseline by a blinded independent panel
of 3 physicians. Independent photograph review data
were generated by randomizing pretreatment and
post-treatment photograph pairs of each subject, then
asking the reviewers to determine which image was the
pretreatment image.

Ultrasound images were acquired at baseline and 12-
week post-treatment visits by the same ultrasonogra-
pher to ensure consistent imaging methods. The

Figure 3. Study subjects had photographs and ultrasound
images captured with arms resting on a support fixture.



ultrasounds were also obtained with subjects standing
with their arms resting on an adjustable height fixture,
Figure 3. Ultrasound areas were marked parallel to the
length of the arm starting at the area of largest bulge
with one additional site marked immediately adjacent
either to the left or right of the first ultrasound. A
transparent film was applied to each arm to mark the
measurement areas and any landmarks (e.g., moles
and scars) to facilitate locating the same ultrasound
sites in the follow-up visit. Measurements were con-
ducted by placing the transducer (model 138, band-
width 10-5 MHz; SonoSite Inc., Bothell, WA) over the
arm measurement site and capturing the image on an
ultrasound device (SonoSite Titan) to a depth of 4.6
cm. Care was taken to avoid adding pressure or neg-
ative pressure during measurement. During the
follow-up visit, subjects were positioned in the same
manner as at baseline. The transparent film was
applied and matched to the landmarks on the skin;
ultrasound sites were marked on the skin, and post-
treatment images were captured. Ultrasound images
were postprocessed to measure anatomical features in
the pretreatment and post-treatment images, and the
fat layer reduction in the treatment area was calcu-
lated. A paired t-test was performed to determine
statistical significance of the fat layer reduction.

The cryolipolysis arm treatment used a custom-made
fixture to ensure standard positioning and patient
comfort (Figure 4). The arm support fixture consisted
of a stand, applicator cradle, and forearm support.
The adjustable stand positioned the applicator at an
appropriate height for each study subject. The arm
cradle provided stable positioning of the applicator for
the duration of treatment. The forearm support pro-
vided a comfortable platform for the forearm and
reduced pressure on the ulnar nerve. A squeeze ball
and wrist rest were supplied for comfort and to pro-
mote circulation to the extremity while in a prolonged
elevated position. The prototype CoolCup applicator
was positioned within the fixture; a protective gel pad
(CoolGel) was applied to the skin; the arm was posi-
tioned over the vacuum applicator with the edge of the
treatment cup as close to the axilla as possible to pre-
vent compression of the ulnar nerve; and vacuum
suction was initiated. The forearm support angle was
adjusted to comfortably support the forearm and
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Figure 4. Applicator fixture facilitated standardized posi-
tioning and comfort throughout treatment with adjustable
arm, forearm, and wrist support.

wrist. The vacuum adhered the applicator to the
treatment area and the subject was seated throughout
the cryolipolysis procedure.

At the conclusion of the treatment cycle, the vacuum
was discontinued and the subject’s arm was removed
from the applicator, revealing firm, frozen tissue.
Immediately after removal of the applicator, infrared
(IR) thermography images (FLIR Systems, Wilson-
ville, OR) were obtained to evaluate the thermal pro-
file across the treatment areas. Next, a 2-minute
manual massage of the treatment area was performed.
The contralateral arm was then treated using the same
applicator and treatment parameters.

Procedural pain was assessed for each arm during and
immediately post-treatment, before discharge and at
the 1-week, 4-week, and 12-week follow-up visits
using a scale of 0 (no pain) to 10 (worst possible pain).
Clinical assessment of the treatment sites was
performed immediately post-treatment and at the
follow-up visits. Bruising, erythema/purpura, edema/
swelling, numbness, and tingling at the treatment site
were evaluated and any other reported side effects
were also assessed and recorded.

Results

Thirty patients were enrolled and completed treat-
ment. Demographic data are shown in Table 1. All
subjects completed the 12-week follow-up; however,
one subject (RIV-006) did not have 12-week
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TABLE 1. Demographic Data of the Study Subjects

Characteristic (n = 30) Mean SE Median Range
Age 45.7 1.5 45 27-57
Weight, Ibs 168.8 4.3 161.1 126.0-215.0
Body mass index 28.2 0.7 28.4 21.4-34.3
Fitzpatrick Skin Type
/ 1l i1 v %4 Vi
0 15 12 2 1 0
Sex Ethnicity

Male Female African American Asian Caucasian Hispanic Other
0 30 0 24 0 5

ultrasounds and standardized photographs taken.
Twenty-seven subjects remained within the allowed
*+5% weight change limit; 3 subjects (CAR-016, RIV-
006, and RIV-013) were excluded from treatment
efficacy analysis because of weight change beyond
+5% from baseline.

Immediate post-treatment photographs are shown in
Figures 5 and 6 after removal of the arm from the
applicator. The post-treatment images in Figure 5
demonstrate the firm, solidified “butter stick” tissue
before post-treatment massage. As shown by the IR
images obtained immediately after applicator removal
(Figure 6), the CoolCup applicator produced a uni-
form cooling profile because the entire surface area of
the treated arm was in contact with the contoured
cooling cup. Treatments with traditional cryolipolysis
applicators typically produce localized cooling at the
parallel plates.'® The prototype insert used in this
study transformed the parallel plate applicator into

a cooled cup and produced a uniform cooling profile
across the entire treatment area on the arm.

Figures 7-10 show representative subjects at baseline
and at 12-week post-treatment. Visible reduction in
arm volume is demonstrated from the pre- and post-
treatment photographs. From the independent pho-
tograph review, 3 blinded, independent physicians
reviewed the 27 subjects’ photographs in randomized
pairs to assess the photographs for visible reduction of
fat in the treatment area. Two reviewers were board-

DERMATOLOGIC SURGERY

certified plastic surgeons and 1 reviewer was a board-
certified dermatologist.

Removing the subjects who had weight change
beyond *5% from the treatment visit, there were 54
arms (27 subjects, 2 photograph pairs per arm)
available for efficacy analysis. The overall correct
identification rate was 85.2% (p <.0001) by at least 2/
3 of reviewers. The primary efficacy end point of at
least 75% correct identification of the pretreatment
images by at least 2/3 of reviewers was met.

Figure 5. Immediate post-treatment photographs showing
firm “butter stick” treatment areas from the CoolCup
applicator. (Left) Subject RIV-007. (Right) Subject RIV-012.
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Figure 6. Immediate post-treatment IR thermography images show uniform cooling from the CoolCup applicator. (Left)

Subject CAR-015. (Right) Subject CAR-012. IR, infrared.

Ultrasound images were analyzed to calculate fat layer
reduction. After excluding 3 subjects who were out-
side the 5% weight change limit, results are pre-
sented for the 54 arms included in the efficacy analysis.
The ultrasound measurement of the CoolCup treat-
ment areas showed a mean fat layer reduction of

3.2 mm, with an SD of 2.7 mm. The ultrasound
measurements of fat layer reduction ranged from an
increase of 2.5 mm to a reduction of 8.5 cm. Reduction
in fat layer was statistically significant (p <.0001).

Pain was assessed on a scale from 0 to 10 during and
after treatment, and pain score data are summarized in
Table 2. The intratreatment pain scores for all the 60
arms treated were averaged and the overall average

pain score was 1.0, with an SD of 1.2. By the 12-week

post-treatment visit, all subjects reported a pain
score of 0.

Table 3 summarizes clinical assessments immediately
after treatment, and at 1, 4, and 12 weeks post-
treatment using the scale 0 = none, 1 = minor, 2 =
moderate, and 3 = severe. Immediately after treatment,
the most common effects within the treatment area
were erythema, edema, numbness, and tingling. By the
12-week post-treatment visit, all side effects had
resolved without intervention except for some cases of
numbness in the treatment area. The treatment area
numbness for these subjects was not clinically signifi-
cant, did not disrupt normal activities, and spontane-
ously resolved without intervention. Including the
aforementioned prolonged numbness, there were

Figure 7. Baseline top row, left and right side, 12-week post-treatment bottom row, left and right side, photographs of
a 57-year-old woman. Weight change +0.2 Ibs. (+0.1%) from baseline. Subject RIV-007. Procedure by Dr. Rivers.

43:7:JULY 2017

945



CRYOLIPOLYSIS FOR ARM FAT

Figure 8. Baseline top row, left and right side, 12-week post-treatment bottom row, left and right side, photographs of a 52-
year-old woman. Weight change +1.0 Ibs. (+0.6%) from baseline. Subject CAR-007. Procedure by Drs. Carruthers and Humphrey.

a total of 10 device- and/or procedure-related adverse
events. Four subjects reported prolonged numbness
(bilateral numbness in 3 subjects, unilateral in 1 sub-
ject) with a duration longer than 12 weeks. One sub-
ject reported bilateral mild erythema that resolved 15
days posttreatment. One subject reported minor tin-
gling in the fourth and fifth fingers of her left hand

immediately after device removal, which resolved
within approximately 20 minutes post-treatment.

The primary safety end point for the study was satis-
fied; there were no device- or procedure-related serious
adverse events, and no unanticipated adverse device
effects occurred during the study.

Figure 9. Baseline top row, left and right side, 12-week post-treatment bottom row, left and right side, photographs of a 57-
year-old woman. Weight change —1.4 Ibs. (—0.9%) from baseline. Subject RIV-015. Procedure by Dr. Rivers.
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Figure 10. Baseline top row, left and right side, 12-week post-treatment bottom row, left and right side, photographs of a 52-
year-old woman. Weight change +0.2 Ibs. (+0.1%) from baseline. Subject CAR-011. Procedure by Drs. Carruthers and Humphrey.

Discussion

This study investigated the safety and efficacy of the
CoolCup prototype contoured cup cryolipolysis
applicator for noninvasive fat reduction in the arm.
The prototype applicator in this study was created
by modifying a CoolFit applicator with a contoured
metal insert that increased direct tissue contact with
the cooling surface, thus allowing the reduction of
the treatment duration from 60 to 35 minutes to
achieve the same treatment efficacy. As shown in

a previous flank treatment study using a similar
contoured cup modification to a parallel plate
applicator with a curved body contour (CoolCore),
the prototype applicator produced equivalent safety
and efficacy to the traditional applicator with
higher patient preference because of its shorter
treatment time and reduced skin tension and
bruising."’

Previously published arm cryolipolysis studies have
been CoolFit applicator studies with small patient
populations.'*'* These pilot studies investigated the
flat body contour applicator in a rarely reported upon
treatment site, but the sample sizes were small. This
study of n = 30 subjects treated bilaterally is statically
powered to demonstrate treatment efficacy. Indepen-
dent photograph review found 85.2% correct identi-
fication of baseline photographs by at least 2/3 of
reviewers, and ultrasound measurements determined
that the mean fat layer reduction was 3.2 mm. Treat-
ment results may further improve beyond the 12-week
follow-up in this study. As is often seen in clinical
practice, optimal cryolipolysis treatment efficacy may

be achieved more than 3 months post-treatment.

This study investigated the safety of arm cry-
olipolysis using a prototype applicator with lower

TABLE 2. Summarized Pain Scores Show Average Pain 1.0 During Treatment With Full Resolution at the

12-Week Visit

Pain Score During Tx  Immediate Post-Tx  Before Discharge 1 Week 4 Weeks 12 Weeks
Mean 1.0 1.6 0.8 0.3 0.1 0.0
SD 1.2 2.1 1.5 0.8 0.6 0.0

Scale: 0 (no pain) to 10 (worst possible pain).
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TABLE 3. Clinical Assessment Data Showing that Most Side Effects Resolved by the 12-Week Visit Except

Numbness
Immediate Post-Tx 1 Week 4 Weeks 12 Weeks

Assessment Parameter 0 1 2 3 No Yes 0 1 2 3 0 1 2 3
Bruising 60 0 0 60 0 60 0 0 0 60 0 0 0
Erythema/purpura 0 10 50 0 58 2 60 0 0 0 60 0 0 0
Edema/swelling 30 17 13 0 58 2 60 0 0 0 60 0 0 0
Numbness 36 18 5 1 12 48 24 31 5 0 52 6 2 0
Tingling 51 7 2 0 58 2 58 0 2 0 60 0 0 0

Scale: 0 = none, 1 = minor, 2 = moderate, and 3 = severe.

vacuum skin tension and shorter treatment dura-
tion. The aforementioned 2 arm cryolipolysis pub-
lications had relatively small patient populations
and observed several incidents of numbness or pain
during or after treatment. In the unilateral arm study
of n = 7 subjects with the CoolFit applicator, there
were 4 incidents of transient numbness and pares-
thesia and 2 incidents of mild postprocedural pain,
but all resolved without intervention within 2
weeks.'? In the study of n = 5 subjects treated bilat-
erally in the arms, one subject was unable to tolerate
the pain during treatment on her right upper arm."*
This study with the prototype applicator found
similar side effects. None of the patients were unable
to complete their treatment cycles because of pain;
the mean procedural pain score of 1.0 on a scale
from 0 to 10 suggests that the treatment is highly
tolerable. Treatment side effects, such as erythema,
edema, and tingling, were typically mild and self-
resolving by the final 12-week follow-up; some cases
of prolonged treatment area numbness were repor-
ted beyond the 12-week follow-up, but this has been
seen in previous studies such as the inner thigh cry-
olipolysis study which had one case of mild numb-
ness that resolved at 132 days post-treatment.” For
arm treatment, prolonged paresthesia may

be minimized by ensuring the ulnar nerve is not
compressed by the applicator during treatment. In
this study, potential study subjects were screened to
ensure elbow to axilla length of at least 20 cm and
the applicator was positioned as close to the axilla as
possible to minimize the risk of ulnar nerve com-
pression. This study demonstrated that arms could
be safely treated by cryolipolysis using a prototype

DERMATOLOGIC SURGERY

contoured cup applicator with 42% reduction in
treatment time.

As demonstrated in this bilateral arm study, the evo-
lution of the vacuum cryolipolysis applicator from

a parallel plate configuration to a contoured cup
resulted in increased tissue contact with the cooling
surface, more uniform cooling, shorter treatment
duration, and an improved patient experience.

Conclusion

This clinical study of a prototype medium-sized vac-
uum applicator with a cooled contoured surface
indicates that the CoolCup produces safe and effective
reduction of subcutaneous fat in the arms. Efficacy
was demonstrated by ultrasound measurements
showing mean fat layer reduction of 3.2 mm and
blinded independent photograph review with 85.2%
correct identification of baseline photographs by at
least 2/3 of reviewers. Safety was demonstrated by the
absence of unanticipated adverse device effects during
the study. The prototype applicator reduced treatment
time from 60 to 35 minutes and provided safe, effec-
tive, and highly tolerable noninvasive fat reduction of
the arms.
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