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Abstract 
 

External Volume Expansion for Recipient Site 

Preparation: Effect of Cyclic High Negative Pressure 

Mode in a Murine Model 

 
Jinwook Jeong 

Biomedical Engineering Major   

The Graduate School 

Seoul National University 

 

 

Introduction: In large volume fat grafting, recipient preparation with 

external volume expansion (EVE) can improve graft survival. To 

enhance patient compliance, we tested a new, shorter, cyclic high 

negative pressure mode that involves 1 h/day at -55 mmHg, cycled 

between 1 second negative pressurized, followed by a 2 second 

depressurized period in an animal model.  

 

Material and Method: In eighteen 8-week-old male Sprague 

Dawley rats, a miniaturized EVE device was applied. Different 

pressure settings were applied after randomly assigning rats to 

three groups (no pressure for the control, -25 mmHg, 8 h/day for 

continuous moderate negative pressure mode, and -55 mmHg, 1 

h/day for cyclic high negative pressure mode groups). Micro-

computed tomography scans and skin biopsy specimens were 

obtained after 28 days. 

 

Results: Cyclic high negative pressure group showed a 6.6-fold 

increase in volume compared to the control group, which showed a 

4.4-fold increase compared to the continuous moderate negative 



 

 

 

pressure group. Hematoxylin and eosin staining showed a 

significant increase in subcutaneous tissue thickness in both EVE 

groups compared to the control group. Masson's trichrome and 

proliferating cell nuclear antigen staining showed significantly 

higher collagen deposition and subdermal adipocytes in EVE groups. 

Immunohistochemistry against platelet endothelial cell adhesion 

molecule 1 showed 2.5- and 2.7-times higher vessel density in the 

continuous moderate negative pressure and cyclic high negative 

pressure mode groups, respectively. There was no statistically 

significant difference in subcutaneous tissue thickness, collagen 

deposition, subdermal adipocyte proliferation, and vessel density 

between the two EVE groups.  

 

Conclusion: Cyclic high negative pressure mode produced higher 

volume expansion results in recipient site preparation as continuous 

moderate negative pressure mode while markedly reducing the 

daily application time from 8 h to 1 h. Although further clinical data 

must be acquired, our new setting seems promising and provides 

higher tissue expansion with a much more patient-friendly, pre-

expansion environment. 

 

Keyword : external volume expansion; angiogenesis; adipocyte 

proliferation; cell proliferation 
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Chapter 1. Introduction 
 

 

1.1. Study Background 
 

Fat injection is a widely recognized technique for handling 

volume deficiencies and asymmetries [1, 2]. It has been used since 

the 19th century, and the scope of its application gradually 

expanded from just the face to the rest of the body. To 

accommodate for volume deficiencies in body parts like the breast, 

the amount of injected fat has also increased simultaneously. Fat 

grafting to the breast was first attempted in 1895, when Vincent 

Czerny augmented the breast using an excised lipoma from the 

patient's back [3]. As expected, the result was inconsistent, and fat 

grafting to the breast has been left in the dark for centuries. In the 

1980's Mel Bircoll reintroduced the concept after presenting a 

series of breast reconstruction and augmentation cases using fat 

transplantation [4].  

 

However, several fundamental challenges have been made 

regarding fat grafting the breast. Issues such as inconsistency in 

the graft survival and the possibility of interference during routine 

breast cancer screening and follow-ups began to surface [5]. 

However, as more recent studies reduced the concerns regarding 

these issues, fat grafting has seen a new revival. Over time, the 

techniques have evolved to incorporate more advanced fat 

preparation techniques and aliquot injection into more anatomically 

accurate planes to improve graft survival [6, 7]. Furthermore, 

improving radiographic equipment and analysis techniques allowed 

more precise identification of breast cancer from fat graft-related 

calcifications [8-10]. It has gradually changed the view on fat 

transplantation in the breast [11, 12].  
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The major clinical factors affecting graft survival are fat 

harvesting, processing, grafting techniques, and preparation of the 

recipient site [13-15]. During the early years of fat grafting, large 

volume fat grafting was performed without any recipient preparation. 

Analysis of the tissue showed negative effects on the survival, as 

evident by the low vessel density-to-graft volume ratio and 

increased interstitial pressures [16, 17]. In low volume fat grafting 

(less than 100cc), fat preparation and proper injections technique 

could improve survival rates without considering the capacity of the 

recipient site [19]. However, when transplanting a large fat volume, 

the survival rate is maintained only to a certain extent, and when it 

exceeds the critical point, it falls sharply [13, 19]. The major 

limitation of large volume grafting is not associated with harvesting 

and fat preparation techniques but more so with the recipient site 

preparation [20]. Therefore, in order to successfully graft large-

volume fats, adequate recipient preparation is essential [13, 21]. 

 

Previous studies have shown the benefits of pre-expansion of 

the recipient site, which can be performed through either internal or 

external devices; pre-expansion promotes angiogenesis and tissue 

remodeling, which increases the vascularity and parenchymal space 

[22-24]. External application of negative mechanical pressure 

produces three-dimensional vascularized scaffolds, which provide 

the space for suitable fat grafting [13, 25]. The increased 

vascularity through angiogenesis improves the recipient site's 

oxygen perfusion and increases the graft survival rate [26, 27]. 

Furthermore, the mechanical stress expands the recipient tissue 

and produces additional space, which leads to an improved survival 

rate of the grafted fat and allows more fat to be grafted during each 

session [13]. At the cellular level, an increase in the local 

mediators and stem cells after external expansion has been shown 

in some studies [28].  
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Khouri et al. suggested two principles of increasing graft 

survival regarding the recipient site [13]. The first is the graft-to-

recipient interface[29]. In this principle, the avascular grafted fat 

should be physically close to the host tissue, allowing cellular 

survival through neovascularization and plasmatic imbibition. The 

second is the interstitial fluid pressure limit [13, 29]. As more fat is 

injected, the interstitial fluid pressure is increased to a point where 

the capillary pressure is insufficient for adequate blood flow and 

oxygen delivery [13]. This is quite analogous to the graft-to-

capacity ratio in volumetric planning by Vecchio et al., that the more 

recipient site volume is necessary to receive the larger quantity of 

fat graft [17]. These principles guided adequate preparation of the 

recipient site to allow large volume fat transfer. As a result, the 

external volume expansion technique gained attention in recent 

years for beneficiary modulations to the recipient site. Naturally, to 

enhance graft survival rates, external volume expansion devices 

have been attempted for recipient preparation in breast 

augmentation and reconstructions [18, 25, 29, 30]. 

 

An external breast tissue expansion system (e.g., Brava system, 

Brava, LLC, Miami, FL) was first marketed in 1999 as a non-

surgical alternative to breast augmentation [31-33]. The product 

was performed for women who did not want to undergo the risks of 

surgery. However, the gradual period process did not match the 

immediate increase in size, and the enlarged volume was often 

insufficient [34]. For this reason, the Brava system was 

experimented as a preoperative tool to assist in fat graft for 

cosmetic augmentation [29]. There was a strong linear correlation 

between pre-expansion with fat transplantation and fat graft 

volume retention, proving its possibility of improving graft survival 

and maintaining overall breast volume after fat grafting [29, 35, 36]. 

Significant expansion effects have been achieved, and its application 

has expanded. As the demand for fat graft-based breast 



 

４ 

 

reconstruction increased, Brava and autologous fat grafting gained 

popularity over the last years [30].  

 

 When applied clinically, pre-expansion is performed for 3 to 4 

weeks before fat injection [14]. In addition, it is recommended to 

wear the external volume expansion device additional 1 to 2 weeks 

for the role of a splint after fat transplantation. Traditionally, the fat 

injected on each breast side was limited to about 150 to 200cc; but 

with pre-expansion, 250 to 300cc of fat can be injected smoothly 

without resistance. The effect of the breast volume has also 

increased (0.5 ~ 1 cup to 1 ~ 1.5 cup size), which improved patient 

satisfaction.  

 

However, there is still considerable room for improvements 

with the device, including the long application time, insufficient 

expansion in tight breasts, and skin-related problems [20]. The 

total wear time is 4 to 6 weeks for eight to ten hours daily, which 

can cause skin problems and inconvenience. Wearing the device for 

eight hours a day in modern women will cause significant disruption 

to daily life. Furthermore, when performed for cosmetic purposes, 

most patients want to get effects quickly with minimal 

inconvenience. As a result, many patients opt for implant-based 

operations. The long recommended wear time and skin-associated 

side effects such as dermatitis, blistering, and post-inflammatory 

pigmentation have been associated with increased dropout rates 

with the device [16]. Reducing the wear time can enhance patient 

compliance by decreasing side effects while improving the patient's 

daily quality of life. Therefore, the next improvement step of pre-

expansion is to revise a way to shorten the wearing time of the 

external volume expansion device [20].  

 

In the case of tight breasts and post-mastectomy breasts, 

there is a physical limit to the expansion of the skin envelope [18]. 

Conventional negative pressure setting (-25 mmHg) may not be 
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sufficient to expand dense breast tissue. To overcome these 

challenges, alternative modes of pressure have been tried in post-

mastectomy breasts: a high vacuum cycling pump used for 10 hours 

a day for 2 to 4 weeks [30]. This protocol cycles between three 

minutes of -60 mmHg mode and one minute of no pressure. Higher 

pressure showed faster breast tissue expansion, even in dense 

breasts, allowing subsequent fat grafting [30]. Accordingly, 

applying high cyclic pressure would be more useful to Korean 

patients who usually have tight, dense breasts with small volumes. 

 

 

1.2. Purpose of Research 
 

To overcome these challenges, we experimented to determine 

the optimal negative pressure and cyclic mode, which are tested by 

altering the setting from continuous moderate negative pressure 

mode to cyclic high negative pressure mode with minimal 

application time.  

 

The efficacy of a newly proposed protocol, cyclic high negative 

pressure mode (1 hour/day at -55 mmHg, cycled between 1-

second negative pressurized, followed by 2 seconds depressurized  

period) was analyzed by comparing the results with the continuous 

moderate negative pressure mode (8 hours/day at -25mm Hg).  

 

We hypothesized that cyclic high negative pressure mode 

promotes a better tissue expansion environment while reducing the 

application time compared to continuous moderate negative 

pressure mode. We evaluated the effectiveness of the cyclic high 

negative pressure mode through an animal model as a basis for 

future clinical applications. If sufficient recipient site preparation 

can be achieved with cyclic high negative pressure, the patient 

compliance would be improved dramatically thanks to the shortened 

wear time. 
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Chapter 2. Materials and methods 
 

 

2.1. Preliminary study 
 

A preliminary study was performed using mini pigs (Approval 

No. BA1412-166/064-01). The reasons for choosing mini pigs 

were that the skin of pigs is similar to humans and that medium and 

large-sized animals can tolerate pressure settings similarly to 

human subjects. A miniaturized external volume expansion (EVE) 

device was applied to the pig's mammary gland tissue. The negative 

pressure was applied and turned off at a specific time every day, 

and it was checked that the proper negative pressure was applied. 

However, the pigs must be anesthetized every time to conduct the 

evaluation. The device has been improved to turn on and off 

wirelessly to solve this problem. But the pig kept moving to remove 

the instrument from the body, so the negative pressure could not be 

applied consistently. This could significantly impact the plan and 

results of the one-month experiment; therefore, the experiment on 

pigs was abandoned.  

 

The second preliminary experiment used small animals, which 

were easier to handle and apply the device. Eight-week-old 

Sprague Dawley rats were adopted for the experiment, and a 

miniaturized device was applied to the dorsum. Six rats were used 

to test the newly proposed high negative pressure mode. Negative 

pressure settings ranging from -25 to -80 mmHg in 5 mmHg 

increments were applied to test for pressure tolerance. When the 

negative pressure was lower than -60 mmHg, the rats showed 

agitation and attempted to remove the device. Finally, the -55 

mmHg pressure setting was chosen because it was the upper limit 

pressure without immediate adverse responses such as pain or skin 

problems.  
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The cyclic pressure mode has two distinct patterns [37]: 

intermittent pressure therapy (IPT) mode and variable pressure 

therapy (VPT) mode. In the IPT mode, the pressure is alternated 

between 0 and -55 mmHg (effectively creating an on and off cycle). 

In the VPT mode, the pressure fluctuates smoothly between -10 

and -55 mmHg, always maintaining negative pressure during the 

therapy. IPT is infrequently used clinically because it causes pain 

due to repeated expansion and contraction following sudden 

pressure changes [37]. Even when applied to rats, pressure 

changes made rats anxious and struggle. Therefore VPT mode was 

adapted to experiments. The pressure curve was set to draw a 

cycle between -55 mmHg and -10 mmHg by on and off power 

setting. The interval of the cycle was determined by measuring the 

pressure with a pressure gauge. The time to reach -55 mmHg by 

turning on the negative pressure was 1 second, and the time to 

reach -10 mmHg after turning off the negative pressure was about 

2 seconds. 

 

In the negative pressurized period, if the vacuum speed (q) is 

constant at a given pressure (P2), pump downtime (t) depends on 

the volume of the chamber (V) [38]. 

 

 

 

 

In the depressurized period when the pump is turned off, the intake 

time takes longer than the pump down time. It is because the 

volume flow rate (q) passing through the cylinder tube is slower 

than the negative pressurized period. As the difference in pressure 

gradually decreases, the incoming flow rate becomes slower. When 

the pressure reaches near the lower limit negative pressure (P1), 

the pump is activated again to get the target vacuum pressure (P2) 

(Figure 1).  
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The diameter and height of the cylindrical device used in the 

rats were 2.5 cm for each, such that the total volume was 12 ml. 

The interval of the cycle depends on the target pressure (P1, P2) 

and chamber volume (V) (vacuum speed is an unadjustable part of 

the pump setting). Therefore the cyclic high negative pressure 

mode was decided at -55 mmHg, cycled between 1-second 

negative pressurized, followed by 2 second depressurized period. 

The operation time was set to 1 hour to increase the comparative 

effect from the previous 8 hours. There is also a reason for the 

clinical demands to minimize wearing time.  
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Figure 1. (Above, left) The tissue is expanded at the end of the 

negative pressurized period (1-second negative pressures). 

(Above, right) The tissue is re-coiled at the end of the 

depressurized period (2 seconds without negative pressures). 

Scheme of cyclic high negative pressure mode. (Below, left) The 

vacuum pump operated for 1 sec on and 2 sec off. (Below, right) 

The expected pressure curve showed a cycle between -55 mmHg 

and -10 mmHg by on and off power setting 
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2.2. Device 
 

A 30-mL syringe (Kovax-Syringe ®, Korea vaccine, Seoul, 

Korea) was fabricated into a dome-shaped (2.5cm in its base and 

height) miniaturized EVE device. After shaving the rats' dorsum 

along a fictitious line 1cm from the midline, the EVE device was 

applied without putting pressure on the spine. The apparatus was 

sealed using Tegaderm® (3M Health Care, St Paul, MN). To 

minimize instability during movements, the entire setup was further 

fixated using a self-adhesive bandage (Peha‐haft®; Hartmann, 

Heidenheim, Germany). Negative pressure was provided by an 

existing suction device (Evera®; HanaJ, Seoul, Korea) in 

continuous moderate pressure (Figure 2, below, left). However, a 

new vacuum pump was manufactured in the cyclic high negative 

pressure mode to implement the cycling period (Figure 2, below, 

right). To experiment under the same conditions, the same 

specification of mini vacuum pump was used as in the existing 

product. The pumping down time was measured at the same end 

pressure to confirm that the performance of each vacuum pump is 

identical. During the operation of the vacuum pump, the rat was 

placed in a fitted plastic container to minimize mobility. 
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Figure 2. (Above, left) A miniaturized EVE device was made from a 

30-mL syringe. (Above, right) The rat was placed in a fitted plastic 

container during vacuum pump operation. (Below, left) Negative 

pressure was applied using an external suction device in continuous 

moderate pressure. (Below, right) Vacuum pump was manufactured 

to implement the cycling period for cyclic high negative pressure 

mode. 
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2.3. Animal model 
 

All animal procedures were conducted strictly according to the 

guidelines and policy of the National Research Council with approval 

from the Institutional Animal Care and Use Committee of Seoul 

National University Bundang Hospital (Approval No. BA1412-

166/064-02). Eight-week-old male Sprague Dawley rats were 

maintained under light and dark cycles for 12 h each, in 60% 

humidity and 22~24°C temperature-controlled environments. The 

rats were allowed access to water and food ad libitum. 

 

The rats were randomly assigned to three groups with 6 rats 

for each: the EVE device only, with no pressure settings (control 

group), the EVE device set at a pressure of -25 mmHg for 8 h/day 

(continuous moderate negative pressure mode: Group I), and the 

EVE device set at a pressure of -55 mmHg for 1 h/day, cycling 

between a 1-s negative pressurized and a 2-s depressurized 

period (cyclic high negative mode: Group II). All the rats were 

placed in a container for the same amount of time every day (8 

h/day), then contained in another cage for the rest of the day. 

Group I received negative pressure throughout the entire eight 

hours, while Group II received negative pressure for the first hour, 

followed by seven hours of no pressure. The control group did not 

receive any pressure for the entire eight hours. This protocol was 

followed daily for 28 days, and all rats were euthanized by CO2 

inhalation (Figure 3, left). After euthanization, full-thickness tissue 

samples (epidermis to deep fascia) were harvested and fixed with 

paraformaldehyde (10%) in PBS (pH 7.2) for 24 hours, then 

paraffin-embedded (Figure 3, right). The block was cut into 4-

µm-thick sections for histological examination. 

 

 

 

 



 

１３ 

 

 

 

 

 

 

 

 

Figure 3. (Left) The rat was euthanized by CO2 inhalation on day 

28. (Right) Full-thickness tissue from epidermis to deep fascia was 

harvested.  
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2.4. Expansion Volume Analysis using Micro-Computed 

Tomography   
 

 

Immediately before euthanization, micro-computed tomography 

(CT) using a Scanco Viva CT 75 micro CT scanner (Scanco Medical, 

Wangen-Brüttisellen, Switzerland) while the rats were anesthetized 

using isofulurane (2~5%) by mask inhalation to measure the volume 

of expansion. The effective voxel size of the reconstructed images 

was 40, and a global threshold (170) was applied to remove the soft 

tissue background for 3D image reconstruction. The expanded 

volume was calculated using the picture archiving and 

communication system by measuring the tissue above an imaginary 

plane formed by the base of the apparatus, as shown in Figure 4 

(the red line). 
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Figure 4. (Left) Micro-CT was taken with a device attached while 

the rat was anesthetized. (Right) The expanded volume was 

calculated by measuring the tissue above an imaginary plane formed 

by the base of the apparatus (the red line).  
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2.5. Histological Evaluation   
 

Obtained tissue sections were stained with hematoxylin and 

eosin (H&E) and Masson's trichrome (MT) staining. Bright-field 

images were captured using a Nikon E200 microscope (Nikon Corp., 

Tokyo, Japan). Two blinded, independent raters evaluated the 

prepared slides. Using Image J software (National Institutes of 

Health, Bethesda, MD), subcutaneous tissue thickness (epidermis to 

the hypodermis) was measured at three random points per sample, 

and collagen density was calculated by quantification of the blue 

component at 5× magnification field for each sample. 

 

 

 

2.6. Immunohistochemistry   
 

For analysis of cell proliferation and angiogenesis, paraffin 

sections were stained for proliferating cell nuclear antigen (PCNA, 

1:200 dilution, Thermo Scientific, Fremont, CA) and platelet 

endothelial cell adhesion molecule 1 (PECAM-1, 1:100 dilution, BD 

Pharmingen, San Diego, CA) for 1 h at room temperature. Sections 

were incubated in the ready-to-use Vecstain ABC complex 

(Vector Laboratories, Burlingame, CA), followed by 

diaminobenzidine (DAB; Dako North America Inc., Carpinteria, CA). 

The number of PCNA+ adipocytes or new capillaries was counted 

in three random 40× field images by two blinded, independent 

raters. 
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2.7. Statistical analysis   
 

All values are expressed as the mean ± standard deviation 

(SD) in the figures and text. One-way analysis of variance (IBM 

SPSS Version 21; IBM Corp., Armonk, NY) with Scheffe's post-hoc 

comparisons were used to determine the statistical significance of 

differences. Differences were considered statistically significant at 

p < 0.05. 
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Chapter 3. Result 
 

 

3.1. Expanded Volume 
 

Micro-CT imaging was performed to study tissue swelling by 

the end of the expansion cycle on day 28. In Group I (continuous 

moderate-negative pressure) and Group II (cyclic high-negative 

pressure), local swelling of the soft tissue was observed at the 

macroscopic level (Figure 2, above). The average measured 

volumes were 0.35 ± 0.12, 1.55 ± 0.59, and 2.31 ± 1.20 ml, for 

the control group, Group I, and Group II, respectively (Figure 4). 

Groups I and II exhibited volume increase by 4.43 ± 1.69 and 6.60 

± 3.05 fold compared to the control group. The average volume in 

Group II (2.31 ± 1.20 ml) was significantly higher than in Group I 

(1.55 ± 0.59 ml, p< 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The average calculated volumes were 0.35 ± 0.12, 1.55 ± 

0.59, and 2.31 ± 1.20 ml for the control group, Group I, and Group II. 

The average volume in Group II (2.31 ± 1.20 ml) was significantly 

higher than in Group I (1.55 ± 0.59 ml) 
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3.2. Subcutaneous Tissue Thickness 
 

H&E stained sections were analyzed for subcutaneous 

thickness at 5x magnification fields (Figure 5, above). The average 

thicknesses of subcutaneous tissue were 1478.26 ± 76.26, 

2499.64 ± 206.72, and 2418.23 ± 210.06 μm, for the control 

group, Group I, and Group II, respectively (Figure 5, below). The 

difference in subcutaneous tissue thickness was statistically 

significant between the control and EVE groups. However, there 

was no statistically significant difference between Group I and 

Group II. 
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Figure 5. (Above) Hematoxylin and eosin staining. Subcutaneous 

tissue thickness was measured at three random points per sample, 

analyzed under 5x magnification. (Below) The average thicknesses 

of subcutaneous tissue were 1478.23 ± 76.3, 2499.6 ± 206.7, 

and 2418.2 ± 210.1 μm, for the control group, Group I, and Group 

II, respectively. Both EVE groups had significantly thicker 

subcutaneous tissue than the control group, but there was no 

statistical difference between the two groups. 
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3.3. Collagen Density and Condition 
 

The level of collagen deposition was analyzed by MT staining. 

Compared to the control group, the levels of collagen deposition 

were significantly higher in both EVE groups (Figure 6). Collagen 

fibers in the papillary layers appear as fine interlacing bundles in all 

groups. There was no statistically significant difference in collagen 

density between the two groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. (Above) Masson’s trichrome staining. (Below) Collagen 

deposition was significantly higher for both EVE groups. 

 



 

２２ 

 

3.4. Adipocyte Proliferation 
 

PCNA immunohistochemistry showed an increased density of 

PCNA+ subdermal adipocytes in Groups I and II. The average 

number was measured by counting PCNA+ adipocytes at three 

random 40x fields. The average number of PCNA+ adipocytes was 

11.3±0.9, 22.2±5.2, and 18.7±3.0 for the control, Group I, Group 

II, respectively. Compared to the control group, the adipocyte 

proliferation rate was 1.9-and 1.7-times greater in the EVE groups 

(Figure 5, p < 0.05). There was no statistically significant 

difference in the proliferation rate of adipocytes between the two 

EVE groups (Figure 7) 
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Figure 7. (Above) PCNA immunohistochemistry. Increased density 

of subdermal PCNA+ adipocytes is evident. (Below) The average 

number of PCNA+ adipocyte was 11.3±0.9, 22.2±5.2, and 18.7±

3.0 for the control, Group I, Group II, respectively, which reflect 

adipocyte proliferation rates 1.9 and 1.7 times greater for the EVE 

groups compared to the control (p < 0.05).  
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3.5. Angiogenesis and Vascular Remodeling 
 

Immunohistochemical staining for PECAM-1 was performed to 

quantify angiogenesis. EVE groups showed 2.5- and 2.7-times 

higher vessel density than the control group (Figure 8, p < 0.05). 

However, there was no statistically significant difference in 

PECAM-1+ blood vessel density between the two EVE groups 

(Figure 8). Furthermore, the EVE groups showed an increase in 

vascular networks and thickened endothelial walls of blood vessels. 
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Figure 8. (Above) PECAM-1 immunohistochemistry. Increased 

vascular networks and thickened endothelial walls of the vessels. 

(Below) Compared to the control group, the Group I and the Group 

II had 2.5 and 2.7 times higher vessel density (p < 0.05).  
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Chapter 4. Discussion 
 

 

Expanding the tissue with negative pressure has both physical 

and intercellular effects. The physical effect is caused by the 

mechanical stretching of the tissue, where the loose tissue 

stretches more easily, and the higher the negative pressure has a 

greater pulling effect. However, the effects of mechanical expansion 

cannot be maintained without intercellular tissue growth. This is 

similar to the mechanism behind Ilizarov bone-lengthening devices 

[39]. Gradually distracting both sides of the bone initially creates a 

gap between the bony segments. As cell proliferation and callus 

formation follow, the gap is filled, and the elongated length is 

maintained [40, 41]. If the speed of distraction is too fast, the gap 

created by mechanical stretching cannot be caught up by the rate of 

cell proliferation. The speed distraction should be managed with 

regard to the rates of cell proliferation and callus formation. 

 

 This principle can be similarly applied to external volume 

expansion. Moderate negative pressure for a long duration showed 

less tissue expansion but less recoiling after the wearing period 

[31]. On the other hand, high negative pressure for a short time 

induces considerable expansion of free volume, but the rate of 

tissue proliferation is insufficient. Therefore, recoiling can occur 

after completion of the application period if there is inadequate 

supportive tissue. However, this effect can rather be an advantage 

for a dense breast. High negative pressure should be applied to 

small tight breasts or post-mastectomy breasts because the 

interstitial pressure and tensile force are greater than normal [30, 

42]. The expanded space can be filled with fat grafting to maintain 

the volume, so the larger expanded tissue can accommodate more 

fat.  
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By intermittently using higher pressures in our study, we have 

become more aware that the cell proliferation rate is low similar to 

moderate continuous pressure mode, but tissue expansion is further 

increased. The Ilizarov procedure does not require over-distraction 

because the space must be filled with new bones after elongation 

[40]. However, our purpose is to create an environment where 

more fat can be transplanted. We can supply the space using 

transplanted fat when tissue expansion is finished. In this study, the 

cyclic high negative pressure mode showed significantly higher 

expanded volume than the continuous moderate negative pressure 

group. However, there was no significant difference in collagen 

density and adipocyte proliferation.  

 

In the initial period, the mechanically stretched space is usually 

filled with interstitial fluid [43]. As the negative pressure increases, 

the blood flow increases proportionally until -80 mmHg, and then 

slowly decreases [44]. Excessive pressure can cause congestion 

and edema due to fluid retention in the tissue [45, 46]. When in 

excess, the pressure can directly occlude the vessel while 

increasing the distance between blood vessels and the cells. As a 

result, a hypoxic condition is created [43, 45]. The expanded space 

needs to be filled with a vascularized scaffold for continuous 

expansion [25]. Without sufficient vascularized scaffold, 

transplanted cells are difficult to survive [47]. Therefore, it takes a 

period for cell proliferation after tissue expansion also, an adequate 

balance should be maintained between expansion and proliferation.  

 

When the extracellular matrix is mechanically stretched, 

integrin and ligand bind to form a focal adhesion complex [48]. The 

complex connects the extracellular matrix with cytoskeleton, 

initiating the cell division. On the cellular and molecular level, 

mechanical stretching causes a shearing force that initiates inter- 

and intra-cellular cascades [28, 49]. The cascades cause openings 

of membrane ion channels, thereby releasing secondary messenger, 



 

２８ 

 

stimulating molecular pathways, and causing alterations in gene 

expressions [49]. The alteration is followed by stimulation of 

growth factor pathways, which result in mitosis and the production 

of new cells and tissue. The new tissue cells induce further 

proliferation and an increase in fibroblast activities in the 

extracellular matrix [50, 51]. In our study, cell proliferation can be 

seen as an increment of subcutaneous tissue thickness, adipocyte 

proliferation, and angiogenesis. The increase in the extracellular 

matrix was shown by MT staining to increase collagen fiber.  

 

Fibroblasts are connective tissue cells responsible for 

producing and synthesizing collagen proteins [51]. Collagen fibers 

play a predominant role in preserving the anatomical integrity of the 

extracellular matrix. The proliferation of fibroblasts occurs similarly 

in the wound healing process, which arises actively first and is 

followed by collagen remodeling and degradation. However, the 

normal process of proliferation does not result in an excessive 

activation, and the tensile strength is maintained within the normal 

range [52]. Collagen deposition by normal proliferation and scar 

formation can be distinguished from the difference in the fine and 

coarse collagen fibers under a microscope [52]. Therefore, the 

increase in collagen fiber can be seen as an increase in the 

extracellular matrix due to tissue expansion. 

 

The effect of the negative pressure mode is well established in 

VAC therapy [53-55]. Cyclic high negative pressure activates 

various mechanisms, including mechanical stimulation, edema, and 

ischemia which induce cell proliferation and angiogenesis [43]. The 

intermittent cyclic mode would have more chance of exposing the 

tissue to the hypoxic effect, stimulating angiogenesis and 

granulation tissue formation, than the continuous mode [56-58]. 

This transient hypoxic effect is caused by venous retention [46]. 

When the negative pressure is operated, the blood flow comes into 

the tissue, and when it is turned off, the retained blood in the tissue 



 

２９ 

 

applies a compressive force on nearby individual cells and blood 

vessels [59]. This force might cause transient hypoxia-induced 

angiogenesis and activates hypoxia-inducible factor-1  [59]. 

Parenchymal cells carry out metabolic activities to secrete vascular 

endothelial growth factor (VEGF-A), and biological signals activate 

receptors on endothelial cells. Furthermore, mechanical stimulation 

induces shear stress on the capillaries, promoting angiogenesis and 

cell proliferation as adipogenesis [60-62].  

 

Different intermittent stimulation settings for EVE have been 

studied in many animal models. Giatsidis et al. tested intermittent 

stimulation to reduce the overall wear-time. Moderate-intensity 

intermittent stimulation (0.5 h per session, 6 times/day for 5 days 

at -25 mmHg) showed more angiogenesis than high-intensity 

intermittent stimulation (same setting as moderate intensity but for 

1.5 h per session for 5 times/day) [63]. The reduced time allowed 

the tissue to recover after subcritical ischemia, leading to 

angiogenesis.  

 

Determining the optimal negative pressure and cyclic mode is a 

delicate issue. We had a preliminary test of intermittent high-

negative pressure settings. The pressure mode setting was 

determined by considering the pressure tolerance and adverse skin 

response. The duration of application time was reduced from the 

existing 8 hours to 1 hour according to clinical needs. The newly 

proposed protocol was set to -55 mmHg, cycled between 1-

second negative pressurized, followed by 2 seconds depressurized 

period and 1 hour per day.  

 

 However, the resulted cycling period in rats was shorter than 

expected. The interval of the cycle was determined by setting 

target pressure and chamber volume [38]. Lowering the output of 

vacuum pump or changing the vacuum speed was unavailable. The 

vacuum pump used in the experiment is intended for humans, so it 
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may not be suitable for small volumes with high output and vacuum 

speed. And also, it was difficult to use a device with a larger 

diameter because the back area of the rat was not enough. The 

device's volume applied to the pig was larger than the rat's. So it 

took a longer period to reach the intended negative pressure. 

Therefore, adjusting the cycling period to set the maximum and 

minimum pressure and device volume is necessary. This will be a 

consideration in determining the appropriate interval and pressure 

mode when applied to humans in the future.  

 

Our results showed that cyclic high negative-pressure can 

achieve higher volume expansion compared to the conventional 

setting in murine models. The average volume in the cyclic high 

negative mode group (2.31 ± 1.20 ml) was significantly higher than 

that in the continuous moderate negative-pressure group (1.55 ± 

0.59 ml). Subcutaneous tissue thickening, adipocyte proliferation, 

and angiogenesis was significantly increased in control group but 

there was no statistical difference with the continuous moderate 

negative-pressure group. Even though it was applied in a shorter 

time, the above effects could be considered for the recipient site 

preparation. A useful effect of the experimental group for clinical 

application arise from two main factors: higher negative pressure 

and the cyclic mode. Higher negative-pressure induces significant 

expansion of recipient site volume and increment of blow flow [20]. 

Cyclic application of negative-pressure causes angiogenesis and 

cell proliferation [64-66]. However, in this experiment, it is 

difficult to directly compare the effects of cyclic mode and 

continuous mode because the application times are different. The 

daily device wearing time can be reduced from 8 hours to 1 hour is 

also a meaningful part of clinical application. 

 

This study has several limitations, however. First, murine 

models do not accurately reflect human patients. Clinical studies in 

validating the efficacy of cyclic high negative-pressure are needed 
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before being applied to the patients receiving fat grafting. 

Furthermore, as the rats cannot express their complaints about the 

device, discrete complications could not be assessed. The cyclic 

mode may cause discomfort in patients and may cause higher rates 

of pressure-associated complications in clinical uses. Second, long 

term follow-up studies are needed to evaluate long-term 

complications, longevity of the effects on angiogenesis and 

subcutaneous thickening are lacking. Despite these limitations, the 

findings of this experiment can provide the groundwork for future 

clinical studies in finding the optimal setting for EVE. 
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Chapter 5. Conclusion 
 

 

The present study shows that cyclic high negative pressure 

mode achieves higher volume expansion than the continuous 

moderate negative pressure mode. Cyclic high negative pressure 

mode and continuous moderate negative pressure mode result in 

cell proliferation as subcutaneous tissue thickening, adipocyte 

proliferation and angiogenesis than the control group, but there was 

no statistical difference between the two groups. 

 

Cyclic high negative pressure produced higher volume 

expansion in recipient site preparation than the continuous 

moderate negative pressure setting, while significantly reducing the 

daily application time from 8 h to 1 h. Although clinical studies need 

to be performed, our new setting is promising and provides higher 

tissue expansion with a much more patient-friendly pre-expansion 

environment. 

 

 



 

３３ 

 

Bibliography 

 

[1] Chajchir, A. Fat injection: Long-term follow-up. Aesthet Plast 

Surg. 1996;20(4):291-296. 

[2] Coleman, SR, Saboeiro, AP. Fat grafting to the breast revisited: 

Safety and Efficacy. Plast Reconstr Surg. 2007;119(3):775-785. 

[3] Czerny A. Plastischer Ersatz der Brustdruse durch ein Lipoma. 

Chir Kongr Verhandl. 1895;2:216–217. 

[4] Bircoll M. Autologous fat transplantation. Plast Reconstr Surg. 

1987 Mar;79(3):492-493. 

[5] Report on autologous fat transplantation. ASPRS Ad-Hoc 

Committee on New Procedures, September 30, 1987. Plast Surg 

Nurs. 1987;7:140–141.  

[6] Coleman SR. Structural fat grafting. Aesthet Surg J. 1998;18: 

386, 388. 

[7] Coleman SR. Structural fat grafting: More than a permanent 

filler. Plast Reconstr Surg. 2006;118(Suppl):108S–120S.  

[8] Veber M, Tourasse C, Toussoun G, Moutran M, Mojallal A, 

Delay E. Radiographic findings after breast augmentation 

by autologous fat transfer. Plast Reconstr Surg. 2011;127: 

1289–1299. 

[9] Rubin E. Breast imaging considerations in fat grafting to the 

breast. Plast Reconstr Surg. 2011;128:570e–571e. 

[10] Rubin JP, Yoshimura K. Mammographic changes after stem 

cell supplemented fat transfer compared with changes after 

breast reduction: A blinded study. International 

Federation of Adipose Therapeutics and Science 

Annual Meeting, October 2, 2010, Dallas, Texas.  



 

３４ 

 

[11] Gutowski KA. ASPS Fat Graft Task Force. Current 

applications and safety of autologous fat grafts: a report of the 

ASPS fat graft task force. Plast Reconstr Surg. 2009;124:272–280. 

[12] America Society of Plastic Surgeons. Fat transfer/fat graft and 

fat injection: ASPS guiding principles. Available at: http:// 

www.plasticsurgery.org/Documents/medical-professionals/ 

health-policy/guiding-principles/ASPS-Fat-Transfer-Graft- 

Guiding-Principles.pdf. Accessed April 11, 2011.  

[13] Khouri RK, Rigotti G, Cardoso E, Khouri RK Jr, Biggs TM. 

Megavolume autologous fat transfer: Part I, Theory and principles. 

Plast Reconstr Surg. 2014;133(3):550-557. 

[14] Khouri RK, Rigotti G, Cardoso E, Khouri RK Jr, Biggs TM. 

Megavolume autologous fat transfer: part II. Practice and 

techniques. Plast Reconstr Surg. 2014 Jun;133(6):1369-1377. 

[15] Peer LA. Loss of weight and volume in human fat grafts: 

With postulation of a “cell survival theory.” Plast Reconstr 

Surg. 1950;5:217–230. 

[16] Maillard GF. Liponecrotic cysts after augmentation 

mammoplasty with fat injections. Aesthet Plast Surg. 

1994;18(4):405-406. 

[17] Del Vecchio D, Bucky LP. Breast augmentation using 

preexpansion and autologous fat transplantation: A clinical 

radiographic study. Plast Reconstr Surg. 2011;127(6):2441-2450. 

[18] Khouri R, Del Vecchio D. Breast reconstruction and 

augmentation using pre-expansion and autologous fat 

transplantation. Clin Plast Surg. 2009;36(2):269-280.  

[19] Carpaneda CA, Ribeiro MT. Percentage of graft viability 

versus injected volume in adipose autotransplants. Aesthetic 



 

３５ 

 

Plast Surg. 1994;18:17–19. 

[20] Jeong JW, Park KH, Choy YB, Shim JH, Kang SM, Nam SY, 

Najmiddinov B, Heo CY. Cyclic high negative-pressure external 

volume expansion reduces daily device application time with similar 

effects on recipient site preparation in a murine model. Plastic 

Surgery. Epub 2022 April 6. 

[21] Lujan-Hernandez J, Chin MS, Perry DJ, Chappell A, 

Lancerotto L, Yu N, Slamin RP, Bannon E, Fitzgerald TJ, Lalikos JF. 

Increasing Fat Graft Retention in Irradiated Tissue after 

Preconditioning with External Volume Expansion. Plast Reconstr 

Surg. 2020 Jan;145(1):103-112. 

[22] Saxena V, Orgill D, Kohane I. A set of genes previously 

implicated in the hypoxia response might be an important 

modulator in the rat ear tissue response to mechanical 

stretch. BMC Genomics. 2007;8:430. 

[23] Saxena V, Hwang CW, Huang S, Eichbaum Q, Ingber D, 

Orgill DP. Vacuum-assisted closure: Microdeformations of 

wounds and cell proliferation. Plast Reconstr Surg. 2004;114: 

1086–1096; discussion 1097–1098. 

[24] Lantieri LA, Martin-Garcia N, Wechsler J, Mitrofanoff M, 

Raulo Y, Baruch J. Vascular endothelial growth factor expression 

in expanded tissue: A possible mechanism of angiogenesis 

in tissue expansion. Plast Reconstr Surg. 1998;101:392–398. 

[25] Tomasz R Kosowski , Gino Rigotti , Roger K Khouri. Tissue-

Engineered Autologous Breast Regeneration with Brava® -Assisted 

Fat Grafting. Clin Plast Surg. 2015 Jul;42(3):325-37. 

[26] Dolderer JH, Abberton KM, Thompson EW, Slavin JL, Stevens 

GW, Penington AJ, Morrison WA. Spontaneous large volume adipose 



 

３６ 

 

tissue generation from a vascularized pedicled fat flap inside a 

chamber space. Tissue Eng. 2007;13:673–81. 

[27] Bucky LP, Godek CP. The behavior of fat grafts in recipient 

areas with enhanced vascularity (Discussion). Plast Reconstr 

Surg. 2002;109:1652.  

[28] De Fillippo RE, Atala A. Stretch and growth: The molecular 

and physiological influences of tissue expansion. Plast Reconstr 

Surg. 2002;109:2450–2462. 

[29] Khouri RK, Eisenmann-Klein M, Cardoso E, Cooley BC, 

Kacher D, Gombos E, Baker TJ. Brava and autologous fat transfer is 

a safe and effective breast augmentation alternative: results of a 6-

year, 81-patient, prospective multicenter study. Plast Reconstr 

Surg. 2012;129(5):1173-1187.  

[30] Khouri RK, Rigotti G, Khouri RK Jr, Cardoso E, Marchi A, 

Rotemberg SC, Baker TJ, Biggs TM. Tissue-engineered breast 

reconstruction with Brava-assisted fat grafting: a 7-year, 488-

patient, multicenter experience. Plast Reconstr Surg. 2015 

Mar;135(3):643-658. 

[31] Khouri RK, Schlenz I, Murphy BJ, Baker TJ. Nonsurgical 

breast enlargement using an external soft-tissue expansion system. 

Plast Reconstr Surg. 2000 Jun;105(7):2500-12 ; discussion 2513-

4.  

[32] Smith CJ, Khouri RK, Baker TJ. Initial experience with the 

Brava non-surgical system of breast enhancement. Plast Reconstr 

Surg. 2002;110:1593–1595. 

[33] Khouri RK, Rorich RJ, Baker TJ. Multicenter evaluation of 

an external tissue expander system (Brava) for breast enlargement. 

Presented at the 71st Annual Scientific Meeting 



 

３７ 

 

of ASPS/PSEF/ASMS; November 2–6, 2002; San Antonio, 

Texas. Plast Surg Forum. 2002;96:168–171. 

[34] Schlenz I, Kaider A. The Brava external tissue expander: Is 

breast enlargement without surgery a reality? Plast Reconstr 

Surg. 2007;120:1680–1689; discussion 1690–1691. 

[35] Karacaoglu E, Kizilkaya E, Cermik H, Zienowicz R. The role 

of recipient sites in fat-graft survival: Experimental study. 

Ann Plast Surg. 2005;55:63–68; discussion 68. 

[36] Myung Y, Kwon H, Pak C, Lee H, Jeong JH, Heo CY. 

Radiographic evaluation of vessel count and density with 

quantitative magnetic resonance imaging during external breast 

expansion in Asian women: A prospective clinical trial. J Plast 

Reconstr Aesthet Surg. 2016;69(12):1588-1597. 

[37] Malmsjö M, Gustafsson L, Lindstedt S, Gesslein B, 

Ingemansson R. The effects of variable, intermittent, and continuous 

negative pressure wound therapy, using foam or gauze, on wound 

contraction, granulation tissue formation, and ingrowth into the 

wound filler. Eplasty. 2012;12:e5.  

[38] Shin JH, Ko MK, Cheung WS, Yun JY, Lim JY, Kang SW. 

Development of Improvement Technology for Achieving Higher 

Throughput Limit Utilized in the Evaluation of Next Generation Dry 

Pumps. Journal of the Korean Vacuum Society. 2009 

Nov:18(6):411-417. 

[39] Ilizarov GA, Deviatov AA. Surgical elongation of the leg. Ortop 

Travmatol Protez. 1971 Aug;32(8):20-5. 

[40] Ilizarov GA. The tension-stress effect on the genesis and 

growth of tissue. Clin Orthop Relat Res. 1989 Jan;(238):249-81. 



 

３８ 

 

[41] Sailhan F. Bone lengthening (distraction osteogenesis): a 

literature review. Osteoporos Int. 2011 Jun;22(6):2011-5. 

[42] Howes, BHL, Watson, DI, Fosh, B, Dean NR. Efficacy of an 

external volume expansion device and autologous fat grafting for 

breast reconstruction following breast conserving surgery and total 

mastectomy: Small improvements in quality of life found in a 

prospective cohort study. J Plast Reconstr Aesthet Surg. 

2020;73(1):27-35. 

[43] Lancerotto L, Chin MS, Freniere B, Lujan-Hernandez JR, Li Q, 

Vasquez AV, Bassetto F, Del Vecchio DA, Lalikos JF, Orgill DP. 

Mechanisms of action of external volume expansion devices. Plast 

Reconstr Surg. 2013 Sep;132(3):569-578. 

[44] Borgquist O, Ingemansson R, Malmsjö M. Wound edge 

microvascular blood flow during negative-pressure wound therapy: 

examining the effects of pressures from -10 to -175 mmHg. Plast 

Reconstr Surg. 2010 Feb;125(2):502-509. 

[45] Heit YI, Lancerotto L, Mesteri I, Ackermann M, Navarrete MF, 

Nguyen CT, Mukundan S Jr, Konerding MA, Del Vecchio DA, Orgill 

DP. External volume expansion increases subcutaneous thickness, 

cell proliferation, and vascular remodeling in a murine model. Plast 

Reconstr Surg. 2012;130(3):541-547. 

[46] Gigliofiorito P, Marangi GF, Langella M, Tosi D, Pendolino AL, 

Persichetti P. The effects of negative pressure on blood supply and 

the adipogenic role of edema. Plast Reconstr Surg. 2013:131: 931e–

932e.  

[47] Lovett M, Lee K, Edwards A, Kaplan DL. Vascularization 

Strategies for Tissue Engineering. Tissue Eng Part B Rev. 2009 

Sep; 15(3): 353–370.  



 

３９ 

 

[48] Katsumi A, Naoe T, Matsushita T, Kaibuchi K, Schwartz MA. 

Integrin activation and matrix binding mediate cellular responses to 

mechanical stretch. J Biol Chem. 2005 Apr 29;280(17):16546-9. 

[49] Takei T, Mills I, Arai K, Sumpio BE. Molecular basis for tissue 

expansion: clinical implications for the surgeon. Plast Reconstr Surg. 

1998 Jul;102(1):247-58. 

[50] Tracy LE, Minasian RA, Caterson EJ. Extracellular Matrix and 

Dermal Fibroblast Function in the Healing Wound. Adv Wound Care 

(New Rochelle). 2016 Mar 1; 5(3): 119–136. 

[51] Cole MA, Quan T, Voorhees JJ, Fisher GJ. Extracellular matrix 

regulation of fibroblast function: redefining our perspective on skin 

aging. J Cell Commun Signal. 2018 Mar; 12(1): 35–43. 

[52] Verhaegen PD, Schouten HJ, Tigchelaar-Gutter W, van Marle 

J, van Noorden CJ, Middelkoop E, van Zuijlen PP. Adaptation of the 

dermal collagen structure of human skin and scar tissue in response 

to stretch: an experimental study. Wound Repair Regen. 2012 Sep-

Oct;20(5):658-66. 

[53] Morykwas MJ, Simpson J, Punger K, Argenta A, Kremers L, 

Argenta J. Vacuum-assisted closure: State of basic research and 

physiologic foundation. Plast Reconstr Surg. 2006;117 

(7Suppl):121S–126S. 

[54] Lambert KV, Hayes P, McCarthy M. Vacuum assisted closure: 

a review of development and current applications. Eur J Vasc 

Endovasc Surg. 2005 Mar;29(3):219-26. 

[55] Poteet SJ, Schulz SA, Povoski SP, Chao AH. Negative 

pressure wound therapy: device design, indications, and the 

evidence supporting its use. Expert Rev Med Devices. 2021 

Feb;18(2):151-160. 



 

４０ 

 

[56] Sogorski A, Becker A, Dadras M, Wallner C, Wagner JM, 

Glinski MV, Lehnhardt M, Behr B. Superior Enhancement of 

Cutaneous Microcirculation Due to "Cyclic" Application of a 

Negative Pressure Wound Therapy Device in Humans - Local and 

Remote Effects. Front Surg. 2022 Mar 3;9:822122. 

[57] Lee KN, Ben-Nakhi M, Park EJ, Hong JP. Cyclic negative 

pressure wound therapy: an alternative mode to intermittent system. 

Int Wound J. 2015 Dec;12(6):686-92.  

[58] Borgquist O, Ingemansson R, Malmsjo M. The effect of 

intermittent and variable negative pressure wound therapy on 

wound edge microvascular blood flow. Ostomy Wound Manage. 

2010;56(3):60-7. 

[59] Andrikopoulou E, Zhang X, Sebastian R, Marti G, Liu L, Milner 

SM, Harmon JW. Current insights into the role of HIF-1 in 

cutaneous wound healing. Curr Mol Med. 2011;11:218–235. 

[60] Hsiao HY, Liu JW, Brey EM, Cheng MH. The Effects of 

Negative Pressure by External Tissue Expansion Device on 

Epithelial Cell Proliferation, Neo-Vascularization and Hair Growth 

in a Porcine Model. PLoS One. 2016 Apr 29;11(4):e0154328. 

[61] Lujan-Hernandez J, Lancerotto L, Nabzdyk C, Hassan KZ, 

Giatsidis G, Khouri RK Jr, Chin MS, Bassetto F, Lalikos JF, Orgill 

DP. Induction of adipogenesis by external volume expansion. Plast 

Reconstr Surg. 2016:137:122–131. 

[62] Yung YC, Chae J, Buehler MJ, Hunter CP, Mooney DJ. Cyclic 

tensile strain triggers a sequence of autocrine and paracrine 

signaling to regulate angiogenic sprouting inhuman vascular cells. 

Proc Natl Acad Sci U S A. 2009 Sep 8;106(36):15279-84. 



 

４１ 

 

[63] Giatsidis G, Cheng L, Facchin F, Haddad A, Lujan-Hernandez J, 

Lancerotto L, Nabzdyk CG, Matsumine H, Orgill DP. Moderate-

intensity intermittent external volume expansion optimizes the 

soft-tissue response in a murine model. Plast Reconstr Surg. 

2017;139(4)882-890. 

[64] Dastouri P, Helm DL, Scherer SS, Pietramaggiori G, Younan G, 

Orgill DP. Waveform modulation of negative-pressure wound 

therapy in the murine model. Plast Reconstr Surg. 

2011;127(4):1460-1466. 

[65] Scherer SS, Pietramaggiori G, Mathews JC, Orgill DP. Short 

periodic applications of the vacuum-assisted closure device cause 

an extended tissue response in the diabetic mouse model. Plast 

Reconstr Surg. 2009;14(5):1458-1465. 

[66] Erba P, Ogawa R, Ackermann M, Adini A, Miele LF, Dastouri P, 

Helm D, Mentzer SJ, D'Amato RJ, Murphy GF, Konerding MA, Orgill 

DP. Angiogenesis in wounds treated by micro deformational wound 

therapy. Ann Surg. 2011;253(2):402-409. 

 

 

 

 

 

 

 

 

 



 

４２ 

 

초    록 

 
대용량 지방이식을 위한 수혜부 준비 : 

백서 모델에서 높은 음압을 짧은 주기로 적용한  

외부 조직확장기의 효과 

 
서론: 대용량으로 지방이식을 시행할 때 외부 조직확장기를 수혜부에 적

용시키면 지방이식 생존율을 높일 수 있다. 하지만 기존의 외부 조직확

장기는 낮은 음압을 하루 8시간 동안 지속적으로 적용하는 설정이므로 

착용 시간이 길어짐에 따라 환자의 순응도가 떨어지거나 피부에 문제가 

발생하기도 하였다. 이에 저자는 높은 음압을 짧은 주기로 시행하여 착

용 시간을 단축한 설정을 (-55 mmHg, 하루에 1시간, 1초 활성과 2초 

비활성 주기) 백서 실험 모델에서 적용시켜 보았다. 

 

재료와 방법: 소형화한 외부 음압 장치를 8주 연령의 수컷 백서 18마리

에게 적용시켰다. 백서는 음압을 걸지 않은 대조군, 기존 설정과 같이 -

25 mmHg을 8시간 동안 지속적으로 적용한 군(continuous moderate 

negative pressure group), -55 mmHg을 1시간 동안 1초 활성, 2초 

비활성 주기로 적용한 군(cyclic high negative pressure mode group)

으로 나누어서 실험을 시행하였다. 28일 후에 micro-CT 촬영을 시행하

였고, 조직학적 및 면역조직화학적 검사를 위해 피부 조직을 채취하였다.  

 

결과: 확장된 조직의 부피는 micro-CT 촬영을 이용하여 측정하였으며 

대조군에 비해 continuous moderate negative pressure 군에서는 4.4

배, cyclic high negative pressure mode 군에서는 6.6배로 유의하게 증

가 되었다. Hematoxylin과 eosin 염색에서는 대조군에 비해 음압을 적

용한 두 군에서 비슷한 정도의 피하조직 두께의 증가가 있었다. 



 

４３ 

 

Masson’s trichome과 PCNA 염색에서는 대조군에 비해 음압을 적용

한 두 군에서 교원질 축적과 피하지방세포의 수가 유의하게 증가되었다. 

면역조직화학법으로 시행한 PECAM-1에서는 대조군에 비해 

continuous moderate negative-pressure mode 군과 cyclic high 

negative pressure mode 군에서 각각 2.5배, 2.7배 미세혈관 밀도가 유

의하게 증가되었다. 음압을 적용한 두 군 사이에서 피하조직 두께, 교원

질 축적, 피하지방세포 증식, 미세혈관 밀도는 통계학적으로 유의할 만

한 차이는 없었다. 

결론: 대용량 지방이식을 위한 수혜부 준비 백서 모델에서 높은 음압을 

짧은 주기로 적용한 방법은 기존의 프로토콜에 비해 높은 조직확장 효과

를 얻었으며 총 적용 시간을 8시간에서 1시간으로 단축 시킬 수 있다. 

추후 부가적인 임상적용 데이터가 필요하겠지만, 이번 새로운 음압 설정

은 환자의 불편 감을 감소시키면서 수혜부 준비 환경을 조성하는데 있어 

유용할 것으로 전망한다. 

 

주요어 : 외부 조직확장, 대용량 지방이식, 수혜부 준비  
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