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RF/Microwave-Aided Tumescent Liposuction
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Abstract—Liposuction is the most popular method of body cannula. The movement of the cannula removes fat through the
contouring, and constitutes a major part of reconstructive and opening and can potentially cause trauma and hemorrhage to
cosmetic-surgery procedures performed today. New methods have surrounding tissues

been developed to reduce the risk of discomfort and recovery time s | ad . he basi fli ion h
for patients, while increasing ease and efficiency for surgeons. everal adaptations to the basic concept of liposuction have

These advances are in response to the increased demand for thedeen advocated to improve results, minimize complications, and
procedure. The application of RF/microwave-aided liposuction enhance the removal of adipose tissue. These adaptations in-

(MAL) may reduce some problems associated with standard clude injections of low-dose epinephrine and local anesthetic to
mechanical liposuction, specifically removing fibrous tisSUes inimize pleeding and discomfort. Additionally, more efficient

or secondarily scarred tissues and thus reducing perioperative dl ¢ i fi | devel d
bleeding. Preliminary results of ex-vivo studies using surgically MY 1€SS raumatic suction cannuias were developed.

excised human fat tissue utilizing an RF/MAL system have shown ~ The “tumescent technique” of liposuction was introduced in
encouraging results. 1986 [2], [8]-[10]. The use of a multihole infiltration needle has

Index Terms—Cannula, fatty tumors, gynecomastia, lidocaine, aIIoweq thg anesthetic sqlutiont.o be rapidlyinjecteq through the
neurovascular, suction lipectomy, tumescent liposuction. same incision used for liposuction. This has permitted the sur-
geon to efficiently anesthetize large subcutaneous areas while
diminishing the need and risks of general anesthesia. Injection
of a large volume of dilute lidocaine produces a swelling and

IPOSUCTION, a technique for removing blocks of fattyfirmnessto the site that greatly facilitates fat removal. Over time,

tissue, is considered by many to be cosmetic surgery. Homuch larger volumes of lidocaine were administered, resulting
ever, in the last few years, the liposuction technique has bderthe capability of aspirating significantly greater volumes of
incorporated into many facets of reconstructive surgery. Sevetiasue. All this was achieved with serum lidocaine levels that
noncosmetic uses for liposuction include: 1) undermining largests revealed were well below the toxicity range. More efficient
flaps for reconstruction while preserving neurovascular attachnd less traumatic cannulas were engineered, which resulted in
ments; 2) removal of lipomas; 3) treatment of gynecomastidecreased blood loss, bruising, and discomfort for the patient.
4) contouring tissues after breast reconstruction; and 5) lipd/e had anticipated [11] that using microwave volume heating
suction for improvement of axillary hyperhidrosis [1]-[6]. Thewould further enhance and benefit the tumescent technique be-
technique of RF/microwave-aided liposuction (MAL) [7], thecause the absorption of microwave energy by the adipose tissue
topic of this paper, reduced some of the current problems assowduld result in fat liquefaction, thus easing its extraction. This
ated with mechanical liposuction. RF/MAL has the potential tehould also assist in the removal of more fibrous tissue from cer-
be a low-cost safe procedure performed on an outpatient bas&n anatomic areas such as the back, flanks, and breasts.

Suction lipectomy, or liposuction, is the term used by plastic
surgeons to describe the surgical disruption and removal of sub-
cutaneous adipose tissue by means of a vacuum assisted can-
nula. A cannula is a narrow cylindrical tube with a blunted end Re/microwave liposuction research involves two distinct
and asgctlon port that is attached to avacuum de\_/l_ce that_ls hapgss: 1) the development of the apparatus, including a new
held. It is selected by its maximum diameter, ability to disseghnnyla system, which allows for the insertion of the microwave
through tissue, and the ease of fat removal, thus avoiding lafgeyting element (a coaxial cable terminated by an antenna) and
surgical incisions. In addition to the negative pressure suctl%,the investigation of the MAL technique, including variations

the movement of the cannula facilitates fat removal by curefy hower delivery, temperatures reached, and length of time for
tage of the fat aided by the manual squeezing of the fat into the/microwave energy delivery.

The MAL system employed an approach used previously in
our microwave balloon angioplasty. It is similar to the system
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TABLE |
COAXIAL CABLE/ANTENNA AT 2.45 GHz

Semi-rigif:l Coaxial Cable | Ohm | Rated power | Attenuation at Dielectric constant between inner Antenna
diameter: at 2.45 GHz 2.5GHz and outer conductor Configuration
0.037” 50 50w 1.0 dB/ft Below 1.2 Whip type:
helical
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Fig. 1. MAL cannula. \
Sorsen Tyseg

IV. CANNULA DESIGN

The cannulas used were of a design widely established in @)
plastic and reconstructive surgery, such as the Byron Acceler-
ator Ill type cannula, which had been modified to hold a miz Liosction Calh o s
crowave semirigid coaxial cable having a whip antenna at tl /
distal end (Fig. 1). The tip of each cannula, distal to the su e
tion port, was modified by replacement of its metal tip with i Vassatarined Laye \
thin-walled plastic dome 2.3 mm in in order to facilitate mi- x
crowave radiation. By converting the suction portin the cannu A \ .
handle, it accepted the semirigid coaxial cable/antenna str o D
ture. This created a new suction port installed in the cannL S R e e ol et

N AR e B e s e T e

handle. \ '.'f'"
For the preliminary experiments performed on a 500-| : SRS

swine, a 6-mm Byron Accelerator Il cannula was used. A ' : ROl

UT-34 semirigid coaxial cable was adapted to provide the wh

antenna at its distal end, and an SMA-50-1-1C connector w Aénose Tasue

attached to the proximal end of the coaxial cable. Strippir

a 15.9-mm section of the coaxial cable’s outer conductc. Comp Far

at its distal end created the whip antenna. This microwave (b)

transmission line, complete with connector and antenna, Wag 2. (a) System configuration. (b) Artist drawing of the cannula’s insertion.

then inserted into the cannula. The antenna was then secured

to the tip of the plastic dome, the distal end of the cannulemperature in either direction axially from the junction. Very

In addition, a thermistor was secured near the midpoint of thigle temperature rise occurred near the tip of the antenna [11].

antenna to provide temperature measurement in the vicinity ofTo evaluate the design of our microwave-assisted liposuction

the antenna during liposuction procedures. cannula/antenna and to study the temperature profile, a chamber
A whip antenna delivered the microwave energy used to heeds developed, similar to that used in our previous study of

the treated volume of fat [see Fig. 2(a) and (b)]. The antenRd&/microwave ablation [12]. A saline solution was introduced

design controls the size and location of the radiated field, thtesmimic conditions existing durinim-vivo tumescent liposuc-

controlling the volume of affected tissue. From our previouson.

analysis with the microwave angioplasty system, temperature~or the modified liposuction cannula and antenna that we

distribution along the whip antenna has a Gaussian shape witinstructed and tested in a saline solution phantom, we mea-

peaks adjacent to the junction in the whip antenna, and a fallafred a return loss of 23 dB at 2.45 GHz, as shown in Fig. 3.
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Fig. 4. Specimen using the dry technique and non-microwave liposuction: fat
mixed with blood.
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Fig. 3. Return loss for microwave enhanced liposuction cannula at 2.45 GHz
in phantom.

To eliminate any possible damage to surrounding tissue,
Lele’'s [13] study suggests that the temperature not exceed
50 °C if the microwave exposure is between 10-60 min
continuously. Our preliminary measurements have indicated
that the skin above or the muscle below the fat would never
see this temperature. Even if the total procedure lasts 30 min,
the cannula is moved constantly and in many directions. No
one area is exposed for more than a few minutes, and the _ _ ) ' _ _ '
microwave penetration is limited to a few millimeters. Thi{;gég"intg‘;‘r’]c(')’gggu‘f;”r%:‘;hg%ﬁcerl‘tg'g‘;faf;d microwave liposuction: fat is
was verified byin-vitro measurements of the saline phantom '

solution environment.

[16]. In our future work, we propose to use finite-element

time domain (FDTD) code to model the MAL antenna. This

code will allow the computation of input impedance, near-field
The antenna design for MAL presents some interestig|yes, and specific absorption rate (SAR).

challenges. The antenna must deliver microwave energy to heat

the treated volume of fat. Unlike traditional biological antenna VI. PRELIMINARY STUDIES

designs, the MAL antenna radiates in close proximity to a . )
metallic cannula. The cannula serves two primary functions.Using the MAL system outlined, two studies were performed

First, the openings in the end of the cannula are sharp REOT 0 the humarex-vivoexperiments. Both of these exper-
facilitate fat removal via curettage. Second, removed fat i@ents were performed on an anesthetized full-grown 500-Ib
suctioned through the cannula with the assistance of a vacu@ine. We utilized a standard liposuction cannula measuring
Clearly, the cannula imposes more complex antenna geometf,Cm in length connected to a suction machine (Byron Med-
than exists for traditional biological antennas. Furthermore, €&, Tucson, AZ). The cannula was adapted for MAL as de-
opposed to microwave hyperthermia applications, for exampRéribed previously. The same cannula could perform non-mi-
it may actually be desirable to allow heating to occur along tfowave-aided liposuction (non-MAL) as well as MAL for these
transmission line since that heating will prevent the coagulatigfPeriments.

of fat being suctioned through the cannula. Analytical antennahe first study compared nontumescent liposuction (dry)
design approaches become increasingly difficult under the¥ih and without MAL. The second study compared non-MAL
design constraints. Therefore, it is appealing to consider the ¥§&SUS MAL with the use of a tumescent solution. The tumes-
of accurate simulation tools to design the antenna and to anal§€8t solution consisted of 1000 cc of normal saline, 50 cc of
the antenna performance. This approach was used by Labokielidocaine, and one ampule of epinephrine. Although the dry
et al, who implemented a finite-element method (FEM) i,_ﬁiposuction method i_s not commonly utilized, the comparison
the frequency domain to compare the near-field radiation p#t-of value, as seen in Figs. 4 and 5.

terns of several types of antennas, including the ClieIearic'tiplln collaboration with Dr. D. Debia®t al, Department of Physiology,
monopole, open-tip monopole, and metal-tip monopole [15}hiladelphia School of Osteopathic Medicine, Philadelphia, PA.

V. ANTENNA CONSIDERATIONS
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Fig. 6. (a) Non-microwave-aided tumescent liposuction: smaller amount of fat removed with normal adjacent tissue. (b) Microwave-aided tposesstinmt:|
Arrow: intact fascia and more fat removed with normal adjacent tissue. (c) Both specimens side by side.

Results: Utilizing the dry technique, the MAL specimens
grossly revealed less blood in the aspirate. In addition, the fat
was also more liquefied in the MAL specimens. This is depicted
in Figs. 4 and 5.

In the second experiment, approximately 250 cc of tumescent
solution was infiltrated into four sites on the flank fat pad of the
pig prior to liposuction. Non-MAL was performed at the two
cephalad sites and MAL was performed at the caudal sites. The
non-MAL yielded a more particulate substance consisting of fat
globules mixed with blood. The MAL was performed at a power
between 30-40 W. The suctioned fat solution was creamier,
grossly less bloody, and more liquefied, as compared to the non-
MAL fat solution. In addition, it was physically easier to pass g L1
the cannula through the tissues using the MAL cannula. In the ;
animal studies, it appears that tumescent liposuction combined
with microwave power between 30—40 W yields less blood in
theI suctioned fat while improving the ease of passing the €30 7. Normal fat lobule.
nula.

Results: Temperatures at the tip of the cannula measured as
VII. Ex-VIVO STUDIES high as 55°C with the application of 40 W. This temperature
yielded the most liquefaction of the fat. The temperature rise
The ex-vivo studies were conducted at the University ofvas found to be dependent on the flow rate of the mixture of fat
Pennsylvania Medical Center, Philadelphia. Fresh human alhd tumescent solution, which acted as coolants to the coaxial
dominal-wall specimens were utilized to compare the chang@se, which transfers the power to the antenna. Interestingly, the

in microstructure of the subcutaneous fat and surroundifggional temperatures measured 1 cm from the tip of the cannula
tissues after the use of MAL. Specimens were obtained froshowed no increase in temperature.

patients who were undergoing elective surgical excision of

abdominal-wall tissue. Each specimen was relatively equal in

size and weight, approximately 39 15 cm, and consisted v/j||. prysicaL AND HISTOLOGICAL EVALUATION OF ex-Vivo

of full thickness tissue from fascia to skin. Once excised, the FAT SPECIMENS

tissue was immediately infiltrated with tumescent solution as

previously described. All studies were performed on warm We evaluated the impact of progressive power on the ability

human tissues prior to cooling. The effects on the abdomirtal remove fat as well as the histologic changes that were

specimens were assessed after undergoing tumescent tpebsent when using microwave-aided tumescent liposuction.

nigues of MAL and non-MAL. Using microwave-aided tumescent liposuction grossly showed
The temperature of the tissue was measured during the apfiiat areas of fat were removed while adjacent fat was left

cation of microwave energy to the specimens by two methodmdisturbed [see Fig. 6(a)—(c)]. Standard Hematoxylin &

The first temperature was measured using the thermistor at Bhasin and Periodic Acid Schiff (PAS) staining were used to

distal end of the cannula. This monitored the temperature of teealuate the suctioned fat architecture. This first study revealed

fat at the tip of the cannula as it was being suctioned. The secdhdt below 40 W of input power, there was no evidence of

measurement was taken with a separate probe at 1-cm distaicesmal necrosis. In addition, the control specimens had viable

from the area of fat being microwaved in order to determine tlaglipocytes with some evidence of mechanical destruction and

temperature of the surrounding tissue. no thermal necrosis (Fig. 7). Above 40 W, microwave treated
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@ (b)

Fig. 8. (a) PAS stain 1@ non-microwaved specimen. Adipocytes adjacent to liposuctioned area: revealing normal architecture and no evidence of destruction.
(b) PAS stain 1& microwaved specimen. Adipocytes adjacent to liposuctioned area: revealing normal architecture and no evidence of destruction.

(a) (b)

Fig.9. (a) PAS stain 2:6 microwaved specimen. Black arrow: region of thermal necrosis. Blue arrow: intact adipocytes. (b) PASstaiicidwaved specimen.
Arrow: high-power view of thermal necrosis.

specimens had evidence of small areas of thermal fat necrosiipocytes are clearly injured, along with surrounding cellular
[see Fig. 8(a) and (b)]. However, the treated areas also showgtma and immediately adjacent connective tissue, as a
viable adipocytes with loss of well-demarcated septa betwefemction of thermal energy. We have shown that this is a very
the fat lobules [see Fig. 8(a)]. PAS staining revealed that thecalized phenomenon, assisting in efficient removal of fat,
necrotic area included the collagen/connective tissue regithvat it and does not affect peripheral structures. These early
surrounding the fat. The specimens that were treated with thistological findings show that no adjacent tissue is damaged
highest power showed the most prominent areas of thernaald, therefore, selective removal of fat may be possible with
necrosis [see Fig. 9(b)]. Of note, evaluation of the fat adjaceMtAL. Both the in-vivo animal studies and thex-vivohuman

to the microwave treated region revealed normal adipose tisstiedies showed that MAL improves the ease of tissue removal
[see Fig. 8(a) and (b)]. The fact that there is a correlatidsy the cannula and decreases trauma to surrounding tissue,
between the thermal destruction of fat and increasing powe&hich minimizes blood loss. Our future studies will evaluate
indicates a thermal mechanism for this destruction. This m#ye melting point of different tissues, as well as the use of
be due to the fact that fat has a lower melting point than itee microwave-aided tumescent liposuction cannula in human
surrounding tissues. Lastly, there was no evidence of damagevivo trials.

to tissues that were not in immediate contact with the cannula
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