
Journal of Plastic, Reconstructive & Aesthetic Surgery (2016) 69, 1588e1597
Radiographic evaluation of vessel count and
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Summary Background: Breast augmentation with fat transfer does not bear the risks associ-
ated with silicone implantation. The method can potentially be especially useful in Asian
women, who often reject augmentation mammoplasty with implants. This prospective clinical
trial evaluated the effects of external breast expansion on breast density and vessel count us-
ing magnetic resonance imaging.
Methods: Thirty-four enrolled patients were instructed to apply one of two devices, the con-
ventional BRAVA device (used in the AESTES trial) or a novel external expansion device (EVERA)
designed for Asian women, continuously for 8 h per day for 12 weeks. For external expansion,
the pressure was set to 25 mmHg. Follow-up examinations were performed for 4 weeks after
completion of the expansion. The ratio between the fibroglandular and adipose tissues of the
breast was measured using T1-weighted MRI, and the number of vessels in the breast tissue was
determined before and after the treatment by contrast MRI. Additionally, the volume of the
breast was measured by laser scanning before, during, and after the device application. The
obtained measurements were compared within and between the groups at different time
points.
Results: Six patients dropped out, while 28 completed the trial without major side effects or
adverse events. External expansion significantly increased breast vessel count in both the
EVERA and AESTES groups (p Z 0.019, p Z 0.022). However, it did not significantly change
breast density in either group (p Z 0.186, p Z 0.638). No significant intergroup differences
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were noted in vessel count (p Z 0.874) or density (p Z 0.482). Breast volume increases after
12 weeks of application were statistically significant in both groups, with mean changes of
81 � 22 cc (AESTES) and 98 � 30 cc (EVERA) (p < 0.001 in both cases).
Conclusions: External expansion resulted in a marked increase in breast vessel count but did
not affect breast density. The observed increase in breast volume can be considered substan-
tial for Asian women.
Level of evidence: Level II, therapeutic study.
ª 2016 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Background

Many women around the world desire to have aesthetically
pleasing breasts. Although the demand for augmentation
mammoplasty is high in both Asian and Western pop-
ulations, breast procedures represent <2% of all surgical
procedures performed in Japan and South Korea,
compared with >22% in the United States.1 Although breast
augmentation with silicone implants have been proven to
be safe and effective, with technical developments in both
implant manufacturing techniques and surgical ap-
proaches, its popularity is significantly lower in Asian
countries.

Breast augmentation with autologous fat transfer has
recently gained increased attention owing to technical
refinements over the past 10e15 years.2e5 The use of
autologous fat tissue for breast augmentation has many
important advantages, as the procedure cannot cause a
foreign body reaction and leaves no obvious postoperative
scars. Nevertheless, because of the low survival of the
transferred fat, the results are largely unpredictable, and
mega-volume fat grafting remains controversial in plastic
surgery. To increase the survival of the transferred fat, the
American External Soft-Tissue Expansion System (AESTES,
commercial name BRAVA) was developed in the 1990s by
Dr. Khouri and colleagues, and successful results have
been published in numerous subsequent reports.6e9

There have been many reports on successful mega-
volume fat grafting to pre-expanded breast tissue for both
cosmetic and reconstructive purposes.6,7,9 However, as
the breasts of Asian women are smaller than those of
women of other ethnic backgrounds and have obvious
differences in tissue and skin characteristics,10e12 there
has been no clinical trial in an Asian population. Addi-
tionally, although researchers have theorized that exter-
nally expanded breasts have increased vascularity, no
experimental evidence has been obtained or analysis of
vascular changes conducted. The present study was a
prospective clinical trial in South Korean women under-
going external breast expansion with either the BRAVA
device (used in the AESTES study) or a newly developed
external expansion device (EVERA) that was better suited
to the posture and body proportions of Asian women. The
aims were to determine the effects of external breast
expansion in Asian women, quantify the results in an
objective manner, and identify any changes in breast
vessel count by performing a quantitative analysis with
enhanced magnetic resonance imaging (MRI) before and
after the device application.

Patients and methods

Patients

This study followed the guidelines of the 1975 Declaration
of Helsinki, was approved by the Institutional Review Board
and Ethics Committee, and was performed under the reg-
ulations of the Korean Food & Drug Administration (KFDA).
To ensure the reliability of the obtained data, three clinical
research associates from the Review Board (IRB) routinely
visited our clinic for validation and monitoring. The par-
ticipants received sufficient explanation of the trial to be
well informed before they were enrolled in the study, and
written consent to participate was received from all of
them.

A total of 34 patients were enrolled in the study after
confirmation of the sample size by power analysis. The
number of patients was corrected according to the dropout
rate of 20% in a previous study. The patient age ranged from
19 to 40 years (mean: 26.6 � 4.2), and the body mass index
was 23.6 � 3.0 kg/m2. Individuals with a history of breast
surgery and those who were pregnant, active smokers, or
had an active infection, diabetes, cancer, or connective
tissue diseases were excluded from the study. The patients
were randomly divided into two groups (AESTES or EVERA)
(Table 1).

Treatment procedure

According to previous studies on external expansion of the
breast,3,6,7,9,13 the duration of external device application
varied from 4 to 18 weeks, and the mean daily application
time ranged from 8 to 20 h. To minimize dropout rates,
which were found to be excessively high in numerous pre-
vious studies of external expansion, a shorter daily appli-
cation time of 8e12 h was recommended to the
participants. The total length of the clinical study was 16
weeks, including 12 weeks of device application and 4
weeks of post-expansion follow-up.

After cleansing both breasts, an adequately sized
external expansion device was selected, and the pressure
control was set to 25 mmHg. To maintain the device in the
correct position, a brassiere-shaped jacket was placed over



Table 1 Patient demographics and total application time.

Age BMI (kg/m2) Breast volume (cc) Cup size* Application time

AESTES group N 17 17 17 17 14
Mean � SD 27.6 � 6.3 23.2 � 1.8 1083 � 168 AA (6), A (5), B (3), C (3) 737.1 � 47.1

EVERA group N 17 17 17 17 14
Mean � SD 30.1 � 5.7 23.9 � 3.3 1207 � 175 AA (7), A (5), B (4), C (1) 739.1 � 88.8

Total N 34 34 34 34 28
Mean � SD 28.9 � 6.1 23.5 � 3.0 1127 � 170 AA (13), A (10), B (7), C (4) 738.1 � 69.8

*Cup size: Based on measured breast circumference on nipple height. AA(6 inches), A(7), B(8), C(9).
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the device. The patients were instructed to apply the de-
vice continuously for a minimum of 8 h at the same time
every day.

Study flowchart

The first assessment was performed 6 weeks prior to device
application. The patients were evaluated for eligibility to
enroll in the study, and written consent was provided.
Medical photographs and breast measurements were ob-
tained, and breast MRI (Ingenia 3.0T, Philips) and three-
dimensional scanning (Vivid 9i scanner, Konica Minolta)
were performed.

After 2, 4, and 8 weeks of device application, patients
visited our clinic to undergo a routine examination, mea-
surements of breast size, and three-dimensional scanning.
A posttreatment MRI examination was performed at 12
weeks in all patients. Additional follow-up was performed 2
and 4 weeks after completion of device application
(Figure 1).

Efficacy assessment

Primary measures

Breast vessel count and density as determined from MRI
examinations at the baseline and after 12 weeks of device
application were compared. Radiologic findings were
assessed by four independent observers, including a board-
certified radiologist. Breast density measurements were
performed as described by Klifa et al.,14,15 with some
modifications. The original method involves highly complex
steps with semiautomatic segmentation by utilizing Bezier
splines and Laplacian of Gaussian filter and comparison of
each segment after delineation of specific regions. We
simplified the method and concentrated on calculating the
area of dense tissue by marking the borders of the high-
intensity area (dense fibroglandular tissue) and the
low-density area (adipose tissue) surrounding the fibro-
glandular tissue in T1-weighted images. The marking was
done by board-certified breast radiologists and trained
physicians. Total counts of pixels were calculated with
ImageJ software (NIH, Bethesda, MD), and the total volume
was calculated as a sum of volumes of separate 2-mm
sections from the top to the bottom of the breast. Images
were acquired by an Ingenia 3.0T scanner (Philips Health-
care) equipped with bilateral-phased array breast coils. Fat
suppression with three-dimensional gradient recalled echo
sequence was enabled, with a TR/TE ratio of 4.19/2.30 and
a flip angle of 12�. A total of 100 slices were acquired with a
thickness of 2 mm, and no gating or weighting protocols
were used during the scanning. Precontrast MRI data was
used in density measurements. Fibroglandular tissue with
high MR density was recognized in accordance with the
BIRADS classification. Every sixth axial slice was marked
from the upper to the lower level, including the nipple
area; the breast outline and boundaries of high-density
glandular tissue were delineated, and the ratio was calcu-
lated for density quantification. To evaluate breast vessel
count, a modified version of the 4-point breast vessel count
scale proposed by Martincich et al.16 was used as a refer-
ence for analysis of dynamic contrast MRI images by the
abovementioned method. The number of vessels over
20 mm in length and 1.5 mm in maximal transverse diam-
eter was counted in the 3D reconstructed volume using a
workstation (Extended Brilliance Workspace, Philips
Healthcare) (Figure 2).

Baseline and posttreatment breast volumes obtained by
three-dimensional scanning were compared within each
group, and treatment results were assessed by comparing
the AESTES and EVERA groups. The Vivid 9i scanner is a non-
contact three-dimensional digitizer that offers laser scan-
ning and dimensional inspection with the triangulation
light-block method, with the accuracy and precision within
0.05 mm. Measurement of breast volume by using three-
dimensional scanning has not been validated or published
elsewhere, and it is a novel outcome measure in a clinical
trial. Digital three-dimensional data were transferred to
the Polygon Editing Tool, version 2.0 (Konica Minolta,
Tokyo, Japan), and accurate volumes of the breasts beyond
the chest cage were obtained for every patient using the
CAD data (Figure 3).

Secondary measures

Breast volumes measured 8 weeks after treatment initia-
tion and 4 weeks after completion of device application
were compared with baseline data. Results were compared
between the groups and time points.

Safety assessment

To assess treatment safety and risk, every adverse event
that occurred after obtaining written consent was recor-
ded and analyzed. For risk assessment, the total number
of adverse events and the rate of patients that



Figure 1 Timetable of the clinical trial.
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experienced adverse events more than once were deter-
mined. Independent observers who did not participate in
the study determined whether a relationship existed be-
tween an adverse event and device application.

Statistical analysis

The level of two-tailed statistical significance was set to
0.05 for comparisons of pre- and posttreatment results and
intergroup comparisons. Descriptive statistics were used for
differences in breast volume changes, and the Man-
neWhitney U test was used for intergroup comparisons.
Intragroup comparisons for device performance evaluation
were made with the Wilcoxon signed-rank test. Testing for
normality was performed with Friedman’s two-way analysis
of variance by ranks for intragroup comparisons of different
time intervals. The ManneWhitney U test was used for
intergroup comparisons, and testing for normality was
performed with the Shapiroe

Wilk test. In addition, repeated-measures analysis of
variance (RM-ANOVA) was used to analyze the repeated
breast volume measurements obtained from all participants
at the first visit; after 2, 4, 8, and 12 weeks of application;
and 2 and 4 weeks after completion of the 12-week
treatment.

Results

Six patients dropped out of the trial because of treatment
discontinuation (n Z 5) or failure to attend the examina-
tion at the end of the 12-week treatment period (n Z 1).
Among them, three were from the EVERA group and the
other three from the AESTES group. The mean age of the
patients enrolled in the trial was 30.1 � 5.7 years, and the
total application time was 739.1 � 88.9 h. The pre-
application volumes of the right and left breasts were
1029 � 194 cc and 1282 � 370 cc, respectively.
Primary measures

Vessel counts were obtained and density was assessed by
four independent observers (including two board-certified
radiologists) before the start of device application and
after completion of the 12-week treatment (Figures 4 and
5). An intragroup comparison showed a notable increase
in vessel count in the EVERA group, with the pretreatment
vessel count of 3.1 � 1.1 (95% CI: 0.92e5.31) and the
posttreatment count of 3.7 � 1.5 (95% CI: 1.04e6.67)
(p Z 0.019) but no statistically significant difference in
density (56.0 � 11.0% vs. 50.2 � 10.6%, p Z 0.186). In the
AESTES group, there was also a notable difference in vessel
counts, with the pre- and posttreatment values of 3.1 � 1.8
(95% CI: -0.41e6.55) and 3.5 � 1.9 (95% CI: 0.24e7.28),
respectively (p Z 0.022). There was no difference in den-
sity ratios before and after the treatment (before: 43.6
� 8.1%, after: 45.8 � 9.3%, p Z 0.638). The groups did not
differ in vessel counts (p Z 0.874) and density (p Z 0.482)
(Table 2).

The values of bilateral breast volume were significantly
different between the baseline and week 12 within both
treatment groups (Figures 6 and 7). The average expansion
volume in the AESTES group was 81 � 22 cc versus
98 � 30 cc in the EVERA group. The intergroup comparison



Figure 2 Schematic representation of magnetic resonance imaging analysis of breast vessel count (top) and density (bottom).
Breast vessels with a length over 20 mm and a maximal diameter over 1.5 mm were counted, and the numbers before and after the
treatment were compared. Density was calculated as the ratio of high density area to total breast volume. Separate sections were
analyzed and combined for comparison.

Figure 3 (Left, top and bottom) Three-dimensional scan data obtained at the baseline with the Vivid scanner. (Right, top and
bottom) Three-dimensional images after the completion of expansion. Breast volume was measured at each visit, and results were
compared retrospectively.
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revealed no significant differences in the baseline and 12-
week bilateral breast volumes (Table 3).



Figure 4 A 28-year-old woman before (left) and after (right) 12 weeks of AESTES use. Posttreatment photographs were obtained
1 month after treatment cessation.

Figure 5 A 38-year-old woman before (left) and after (right) 12 weeks of EVERA use. Posttreatment photographs were obtained 1
month after treatment cessation.

Table 2 Vascularity and density changes. ManneWhitney U test was used with two-tailed statistical significance set to
p < 0.05.

Group Pretreatment
(Vessel count)

Posttreatment
(Vessel count)

Pretreatment
(High density area %)

Posttreatment
(High density area %)

EVERA n 14 14 14 14
Mean 3.1 3.7 p Z 0.019 56.0 50.2 p Z 0.186
SD 1.1 1.5 11.0 10.6

AESTES n 14 14 14 14
Mean 3.1 3.5 p Z 0.022 43.6 45.8 p Z 0.638
SD 1.8 1.9 8.1 9.3

Total n 28 27 28 28
Mean 3.1 3.6 p Z 0.015 48.9 47.7 p Z 0.276
SD 1.5 1.7 9.1 10.1
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Secondary measures

After 8 weeks of device application, statistically significant
(p Z 0.011, p Z 0.007) differences in breast volume
compared to the baseline measurements were found for
both breasts in the AESTES group. However, in the EVERA
group, a statistically significant difference was found for
the right breast (p Z 0.030) but not the left breast
(p Z 0.152). An intergroup comparison revealed no
differences.

Left and right breast volumes measured 4 weeks after
completion of the 12-week treatment showed significant
increase compared to baseline measurements in both
groups (AESTES: p Z 0.003, p Z 0.000; EVERA: p Z 0.000,
p Z 0.000 for the left and right breasts, respectively).
There were no statistically significant differences between
the two treatment groups (p Z 0.579, p Z 0.336).

Safety assessment

Adverse events were recorded for all patients who partic-
ipated in the trial. Five patients in the AESTES group (7/17,
41.4%) and 7 patients in the EVERA group (7/17, 41.4%)
experienced adverse device-related events (ADEs). ADEs
included application site rash (n Z 13), application site
pruritus (n Z 9), and application site hives (n Z 1). The
symptoms were not severe for any of the events, and they
were relieved during posttreatment follow-up. No other
unexpected or serious ADEs were noted.

Discussion

It is well-known that breasts of Asian women have smaller
volume and greater density than those of Caucasian or
African women. While it appears natural to expect an
increased demand for breast augmentation in Asian
women, the incidence of breast surgery among all
cosmetic surgeries is low, and especially so in women
from eastern Asia. Unavoidable incisional scarring from
silicone implant insertion and fear of unwanted compli-
cations such as capsular contracture, rippling, double
bubble, and unnatural postoperative appearance, are the
main causes of the lower incidence of breast augmenta-
tion in Asia.



Figure 6 A 39-year-old woman before (left) and after (right) 12 weeks of EVERA use. After the treatment, dynamic contrast-
enhanced magnetic resonance imaging vascular map analysis showed increased vessel count.

Figure 7 A 39-year-old woman before (left) and after (right) 12 weeks of EVERA use. Dynamic contrast-enhanced magnetic
resonance imaging showed no significant difference in breast density before and after the application of the expansion device.
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Table 3 Volume expansion results. Repeated-measures
analysis of variance (RM-ANOVA) was used with statistical
significance set to p < 0.05.

AESTES group EVERA group

Mean (cc) � SD

Left base 1029 � 194 1229 � 340
8 weeks 1092 � 205 1290 � 373
Volume increase 63 61
p-value 0.011 0.152
12weeks 1129 � 224 1320 � 366
Volume increase 100 91
p-value 0 0
16weeks 1111 � 220 1324 � 372
Volume increase 82 95
p-value 0.003 0

Right base 1143 � 194 1282 � 370
8 weeks 1180 � 216 1329 � 379
Volume increase 37 47
p-value 0.007 0.03
12weeks 1225 � 222 1372 � 386
Volume increase 82 90
p-value 0 0
16weeks 1209 � 220 1391 � 374
Volume increase 66 99
p-value 0 0
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Breast augmentation with a large amount of fat with
external breast expansion has seen significant technical
progress during the last two decades. The BRAVA device
developed by Khouri and colleagues increased the upper
limit of lipotransfer to over 300 cc,9 and its safety and ef-
ficacy were confirmed in various clinical reports.6,13 As
surgeons continue to overcome technical difficulties such
as fat necrosis or calcification and occurrence of cancer,
lipotransfer is now considered one of the most effective
breast augmentation options.

It has been generally believed that it is difficult to
achieve adequate breast size increases with external
expansion devices in patients with high breast density.3

Hence, although the fat grafting technique could be a
good alternative for Asian women who are very much
afraid of having external scars, breast augmentation with
large-volume fat transfer has been less popular in Asia than
in Western countries. This study aimed to evaluate the
efficacy of external expansion device application to
breasts of Asian women. We also compared an external
expansion device developed in Korea (EVERA), which was
designed for patients with physical characteristics of a
typical Asian woman e small body, narrow chest cage,
highly dense mammary gland, low BMI, and small preop-
erative breast size e to a conventional American external
expansion device (BRAVA). Additionally, by performing
three-dimensional MRI studies throughout the trial, we
recorded changes in breast vessel count and density to
determine the effectiveness of external expansion as a
pretreatment for subsequent fat grafting.

Previous studies analyzed breast volume changes with
respect to BMI, whereas we attempted to quantify differ-
ences in density and vessel count in response to external
expansion more objectively. The method of breast density
measurement by semiautomatic segmentation proposed by
Klifa et al.14,15 was used to quantify fibroglandular tissue in
the total breast volume, and vascularity quantification was
performed by applying a 0e3-point scale developed by
Martincich et al.16 using contrast-enhanced MRI.

Failure of vascular ingrowth toward the transferred fat,
a vital process in fat survival,17,18 causes insufficient tissue
oxygenation, ultimately leading to adipocyte necrosis and
low survival of the grafted tissue.19e21 Previous studies by
Khouri et al. demonstrated that survival of transferred fat
is higher in pre-expanded breasts than in breasts without
pre-expansion and indicated that vessel count is an
important factor for fat survival. The current trial revealed
increases in the number and density of medium-sized blood
vessels in the breast after applying external expansion.
Although the relationship between vessel count and tissue
oxygenation or wound healing was studied previously,22,23

the link between survival of the grafted fat and vessel
number or density has not been investigated. In an animal
model, increased microvessel density was related to
increased micro-graft survival.24

In this study, a laser scanner was used to measure more
accurately changes in breast volume before and during the
trial. Although laser scanning has not been widely employed
in volumetric measurements in medical applications, a
number of examples of its utilization can be found in facial
and dental surgery25,26 and medical photogrammetry.27

Despite the objectiveness and accuracy of the results, the
use of three-dimensional scanning for body volume mea-
surements has not been validated, and this novel mea-
surement tool requires calibration and validation, which
will be performed in future studies.

After 12 weeks of external expansion, both left and right
breast volumes significantly increased (by the mean values
of 95 cc and 85 cc, respectively) compared with the base-
line values. Although external expansion effectively
increased breast volume in Asian women, the amount of the
increase was much smaller than the amounts reported in
previous studies by Schlenz et al. (155 cc) and Khouri et al.
(306 ml) conducted in Caucasian patients. A probable
reason for this result is that the duration of external
expansion device application was longer in the previous
studies (>18 weeks; range: 14e52 weeks in Schlenz et al.)
than in our trial. Additionally, in the study by Khouri et al.,
the patients underwent large-volume fat transfer after 4
weeks of device application, and the additional expansion
from the fat transfer could also have contributed to the
larger increase. However, we believe that differences in
breast characteristics such as baseline volume and cup size,
as well as in BMI, between Asian and Caucasian women
were most likely responsible for these results.28 Thus, a
breast volume increase of 80e90 cc may be considered
substantial in smaller Asian women.

The primary shortcoming of this study is that menstrual
periods of patients were not accounted for during moni-
toring of changes in breast density and vessel count. There
have been many debates about changes in breast physi-
ology over the menstrual cycle, and previously published
studies29,30 only reported increased blood flow observed by
Doppler sonography. Nevertheless, the results would have
been more precise if correlations could have been made
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between the menstrual cycle and results of breast MRI
measurements. However, as the present clinical trial was
limited to 16 weeks, it was impossible to match the indi-
vidual menstrual cycle of every patient. Future studies
should attempt to minimize the effects of this bias. In
addition, as mentioned above, the use of three-
dimensional scanning for breast volume measurement has
not been validated thus far, necessitating further valida-
tion studies. Lastly, the comparison of final results after fat
transfer is not reported in the present study owing to
scheduling and recruitment difficulties typical of pro-
spective trials. The study mainly aimed to investigate the
effects of external expansion as a pretreatment for adi-
pose injection on breast parenchyma and vessel count. The
results of fat transfer after expansion will be analyzed and
reported in the near future.

Summary

Unlike Caucasian women, Asian women have small, highly
dense breasts; narrow chest cages; and low BMI. This ne-
cessitates special approaches to breast augmentation in
these populations. Breast augmentation with external
expansion can both change the breast size and serve as a
pretreatment that may potentially increase survival of the
future fat graft. In the present trial, contrast-enhanced MRI
revealed significant vascularization during external expan-
sion. Moreover, breast volume was significantly increased
by the expansion procedures in Asian women.
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