Masarykova univerzita
Lékarska fakulta

Klinika plastické a estetické chirurgie

ERS NSARYK
.0@‘1 1]’ &. . ;’N\ A, %
g 5 g 2% 3
> »n 3 o
% Z z 3
b a3) > L;
A L' EYNT Y
Z4NA ?ﬁ‘ C"l TAs N\EO

PRENOS AUTOLOGNI TUKOVE TKANE
V PLASTICKE A REKONSTRUKCNI
CHIRURGII PRSU

HABILITACNI PRACE

MUDr. Libor Streit, Ph.D.

Brno 2018



Prohlaseni autora

Prohlasuji, ze jsem habilitaéni praci vypracoval
samostatné a uvedl v seznamu literatury viechny
pouzité odborné zdroje.



Podékovani

Chtél bych tuto praci vénovat tém, ktefi se podileli
na mém chirurgickém zivoté, inspirovali mé ke klinické,
experimentalni a tvréi praci, a tim jim podékovat:
prof. MUDr. Jifimu Veselému, CSc., doc. MUDr. Lubosi
Drazanovi, Ph.D., doc. MVDr. Alesi Hamplovi, Ph.D.,
MUDr. Tomasi Mrazkovi, MUDr. Petrovi HyzZovi, Ph.D.,
dr. Emmanuelovi Delayovi a dr. Danielovi Labbému.

Podékovani patii také mym kolegynim a kolegtim,
spoluautordim, ktefi se podileli na citovanych publikacich

a predndskach.

Dékuji své rodiné a manzelce Natalii za trpélivost

a bezpodminecnou podporu.

V neposledni fadé dékuji pacientlim, ktefi do mé

vlozili dGvéru.



ADStract (ENGlish) . . ..o e e e e e e, VI
U O, e e Vil
(@I o) 7= Ye T [ e 5 <] 'y -1 - TSP IX
1. Pfehled problematiky, popis opera¢nitechniky ...........coi i i 1
1.1. Historie a za¢lenéni pfenosu tuku do moderni plastické chirurgieprsu. . . ... ............ 1
1.2. Struktura afyziologie tukové tkdné . . . . . . . . . 3
1.3. Predoperacni vysetieni, kontraindikaceoperace. . . . ... ... . e 5
14, OdbértukovE tkdné . . . . . . e 7
1.5. Zpracovanilipoaspirdtu. . . . . . oo e e e 8
1.6. Aplikacetukové tkané . . . . . . . . e 10
1.7, PoOperalni PeCe . . . . o 13
1.8. Komplikace. . . . .o e 13
2. Porovnani technik zpracovani tukové tkané pro fat graftinginvitro ..................... ... ... 17
3. Korekce vrozenych vyvojovych vad prsu a hrudniku lipomodelaci ..................ooooiiiiiiLt. 31
4, Rekonstrukce prsu lalokem latissimus dorsi s lipomodelaci ..., 41
5. Rekonstrukce prsu po mastektomii technikou lipomodelace. ...t 49
VYhledy do bDUdOUCNA . ... e e e e e e e e e e 64
Soupis literatury @ Pramentll ... ..ot e 65
SEZNAM ZKIAtEK . ..o e 75
SEZNAM ODIAZKUL. . . . ettt ettt et e e e e 76
Seznam tabulek . ... e 77
SEZNAM Grafll .ttt e e 78
Pfilohy — nejvyznamnéjsi prace vztahujici se k tématuin extenso ..........ooviiiiiii i, 79

Obsah IV



Pfenos autologni tukové tkané v plastické a rekonstrukcni
chirurgii prsu

Uvod a cil: Pfenos tukové tkané technikou lipomodelace pfedstavuje vyznamny pokrok
v plastické a rekonstrukéni chirurgii prsu. Vyznacuje se nizkou invazivitou pfi vyuziti vlastnich
tkani a je rychle zacleriovana do stavajicich Iécebnych protokoll. Cilem habilitacni prace bylo
shrnout poznatky o technice pfenosu tuku v nékolika dil¢ich tematickych okruzich, ve kterych
bylo autorem a jeho spolupracovniky dosazeno nejvyznamnéjsich vysledku.

Metody: Price je ¢lenéna do Sesti kapitol, které koresponduji s nejdllezitéjsimi vysledky
védeckovyzkumné a klinické ¢innosti autora. Vychazi prevazné z odbornych praci publikovanych
autorskym kolektivem Kliniky plastické a estetické chirurgie a Ustavu histologie a embryologie
Lékarské fakulty Masarykovy univerzity. Poznatky byly ¢erpany pomoci studia literatury, béhem
diskusi na odbornych ¢eskych i mezinarodnich setkanich a na zahrani¢nich stazich.

Vysledky: Nejvyznamnéjsim vysledkem experimentdlni prace autora bylo komplexni
porovnani vlastnosti tukové tkané zpracované nejcastéji pouzivanymi technikami in vitro.
V zavislosti na pouzité technice zpracovani (sedimentace, centrifugace a filtrace s promyvanim
pfes membranu) byly laboratorné detekovany rozdily v podilu vodnatych slozek, v koncentraci
kmenovych bunék (ASCs) a v morfologii tukové tkdné na submikroskopické drovni. V klinické
praxi jsme lipomodelaci prsu pouzili v fadé indikaci, bud samostatné jako hlavni operacni
techniku, anebo jako nedilnou soucast kombinovanych chirurgickych postupt, z nichz nékteré
byly zcela nové, napf. rekonstrukce prsu lalokem latissimus dorsi s lipomodelaci. Vysledkem
prace autora je také funkéni vzorek zdravotnického prostiedku, ktery zefektiviiuje zplsob
odbéru a zpracovani tukové tkané pro vysokoobjemovy fat grafting, a mezindrodni patentova
pfihlaska PCT.

Zavér: Porovnani vlastnosti tukové tkané po zpracovani nej¢astéji pouzivanymi technikami
je dulezité pro spravny vybér metody zpracovani tuku pro klinickou praxi, protoze kvalita
tukového $tépu pfimo ovliviiuje vysledky po operacich zalozenych na pfenosu tukové tkané.
Technika lipomodelace prsu pfindsi velmi dobré vysledky, které v nékterych indikacich
nelze dosdhnout jinou operacni technikou. To plati zejména o korekci vyvojovych vad prsu
a hrudniku. Trend navySovani poctu téchto operaci Ize pfedpokladat rovnéz do budoucna, a to
i diky novym technologiim, které zrychluji odbér a zpracovani tukové tkané.
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Autologous Fat Transfer in Plastic and Reconstructive Breast Surgery

Background: Fat transfer (lipomodelling) is a promising surgical technique that represents
an important advance in plastic and reconstructive breast surgery. It is characterized by the low
invasiveness, by using the patient’s own fat and its quick integration into existing treatment
protocols. The aim of this habilitation thesis was to summarize the knowledge of the lipomodelling
technique in several chapters with the relevant publications of the author and his colleagues.

Methods: This thesis is divided into six chapters which correspond to the most important
results of the scientific, research, and clinical activities of the author. It is based on the scientific
works published by the author's team, mostly at the Department of Plastic and Aesthetic
Surgery and the Department of Histology and Embryology, Faculty of Medicine, Masaryk
University, Brno, Czech Republic. Knowledge has been continuously updated by studying
literature and also through domestic and international scientific meetings and fellowships.

Results: The most important result of the author's experimental work was a comprehensive
in vitro comparison of the preparation techniques for fat grafting — decantation, centrifugation
and membrane-based filtration. Depending on the processing technique, significant differences
in the proportions of the aqueous component, stem cells concentration (ASCs), and adipose
tissue morphology at the submicroscopic level were detected. In clinical practice, we used breast
lipomodelling in several indications, either as a principal surgical technique or as an integral part
of combined surgical procedures. Some of these were completely new, like autologous breast
reconstruction with latissimus dorsi muscle and lipomodelling. The result of the author's inventive
work is a functional specimen of an innovative medical device for more effective preparation

of adipose tissue for high-volume fat grafting.

Conclusions: Comprehensive knowledge of how the preparation technique affects the
properties of adipose tissue is essential for surgeons, especially for the choise of preparation
technique for their clinical practice, because the quality of the fat graft directly affects the results
after a surgery based on the fat transfer. Lipomodeling is a reliable and effective technique
that makes it possible to achieve very good and natural results, which are unattainable
in some indications, especially in the correction of congenital hypoplastic breast and thoracic
malformations. An increased number of these surgeries can be expected in the future thanks
to new technologies that accelerate the harvesting and preparation of adipose tissue.
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Transplantace autologni tukové tkané je chirurgickd metoda, pomoci které se prenasi
tukova tkan z mist jejiho nadbytku do oblasti, kde je potfebna pro doplnéni objemu, zvétseni
velikosti, anebo pro svoje regeneracni ucinky.

Tukova tkan mulze byt prenasena jako kompaktni tkan spolu s hlubokou vrstvou kuze,
koriem ve formé $tépu bez cévniho zésobeni (koriotukové $tépy), anebo jako vaskularizovana
tkan ve formé laloku (koriotukové laloky).

Castéji je dnes tuk po odsati pfenasen v injekéni formé. Metoda pak byva oznacovana
anglickymi terminy lipofilling, fat grafting, lipotransfer, lipografting, nebo ¢eskymi terminy
lipoinjekce, anebo prenos tuku. V plastické a rekonstrukéni chirurgii prsu je nejvystiznéjsi
Cesky nazev lipomodelace prsu, ktery nejlépe vystihuje zna¢né moznosti techniky ve smyslu
tvarovani prsu. At uz je metoda nazyvana jakkoliv, zakladni principy zlstavaji vzdy stejné.

Lipotransfer Ize rozdélit podle objemu pfenasené tkané na vysokoobjemovy, kdy se prenasi
vice nez 100 ml tukové tkané, a nizkoobjemovy, kdy se prenasi mensi objemy. Vysokoobjemovy
fat grafting je provadén predevsim za ucelem doplnéni chybéjiciho objemu nebo ke zvétseni
velikosti operované oblasti. Regenerac¢ni ucinek je druhotny. Lipomodelace prsu je typickym
prikladem vysokoobjemového fat graftingu.'”

U nizkoobjemového lipofillingu je v popredi regeneracni Gcinek, zvétseni objemu pfijmové
oblasti je pak do jisté miry druhotné. Pfikladem mUze byt Ié¢ba radioterapii poskozené kize,
l[é¢ba sklerodermie a korekce plosnych jizev po popaleni.®" Nizkoobjemovy fat grafting
je ddle vhodnou chirurgickou technikou k doplnéni objemu u progresivni hemifacialni atrofie.
V estetické chirurgii je nizkoobjemovy fat grafting vyuzivan k regeneraci starnouci klze
a podkozi pfi rejuvenaci obli¢eji, dekoltu a na rukou.'*"”

Pfenos tuku se skladd ze tii na sebe navazujicich krokl: 1) odbéru, 2) zpracovani
a 3) aplikace tukové tkané. Mohou se znacné lisit podle toho, co je hlavnim cilem operace.
Technika zpracovani ma zasadni vliv na kvalitu tukového stépu. Tukova tkan se v klinické praxi
zpracovava nejcastéji pomoci tii zakladnich fyzikalnich principl, mezi které patfi sedimentace,
centrifugace a filtrace pfes membranu.'®"®

Technika lipomodelace predstavuje vyznamny pokrok v chirurgii prsu poslednich 15-20 let.
Lipomodelaci Ize docilit mimoradné dobrych vysledk(, které nelze v nékterych indikacich
jinou operacni technikou dosahnout. Proto je technika lipomodelace zac¢leriovéna stale castéji
do stavajicich lé¢ebnych protokold.'*2°22 Vyznacuje se nizkou invazivitou, kratkou dobou
hospitalizace a rekonvalescence pfi vyuziti vlastnich tkani. Lipomodelace prsu je pacientkami
velmi dobfe tolerovana vzhledem k minimalni velikosti jizev na prsu a v misté odbéru, pro nizky
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pocet chirurgickych komplikaci, a v neposledni fadé i pro jisty esteticky bonus po liposukci
v misté odbéru tukové tkané.

Lipomodelace muze byt pouzita samostatné jako hlavni opera¢ni technika:

«  krekonstrukci vrozenych vyvojovych vad prsu a hrudniku,

«  pri sekundarni rekonstrukci prsu,

« ke zvétseni prsou a ke korekci prsnich asymetrii z kosmetickych duvodd,

« ke korekci deformit po zachovnych operacich prsou,

« jako sekundarni operace po jinych operacich prsou (napf. k doplnéni objemu
po rekonstrukci prsou bfisnim lalokem nebo k doplnéni objemu v dekoltu po redukci
prsou apod.).

Anebo je pfenos tuku nedilnou soucasti kombinovanych chirurgickych postup:

« rekonstrukce prsu lalokem latissimus dorsi s lipomodelaci,

«  kuzi Setfici nebo subkutanni mastektomie a okamzita rekonstrukce prsu lipomodelaci,
- lipomodelace pfi vyméné implantatd,

«  korekce vrozenych deformit hrudniku a prsou prsnim implantatem a lipomodelaci,

« kompozitni augmentace prsou,

« modelace prsou s augmentaci vlastnim tukem.
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Bez naroku na kompletni pokryti celé Sife problematiky pfenosu autologni tukové tkané
v plastické a rekonstrukéni chirurgii prsu Ize téma rozdélit do nékolika dil¢ich oblasti, kterym

se autor habilita¢ni prace se svymi spolupracovniky vénoval:

« prehled problematiky, popis operacni techniky,

« porovnani technik zpracovani tukové tkané pro fat grafting in vitro,
«  korekce vrozenych vyvojovych vad prsu a hrudniku lipomodelaci,

« rekonstrukce prsu lalokem latissimus dorsi s lipomodelaci,

« rekonstrukce prsu po mastektomii technikou lipomodelace,

« vyvoj zdravotnického prostifedku pro efektivni odbér a zpracovani tukové tkdné pro

vysokoobjemovy fat grafting.

Vyse zminénym tematickym okruh{im odpovidaji jednotlivé kapitoly této prace. Vychazeji
pfevadzné z odbornych praci publikovanych v minulosti autorem habilita¢ni prace a jeho
spolupracovniky a na né bezprostfedné navazujici vysledky klinické prace. Nékteré publikace,
které povazuje za nejvyznamnéjsi, jsou pfiloZzeny in extenso. Jedna z kapitol je vénovana
vyvoji zdravotnického prostifedku pro zpracovani tukové tkdné od prvniho funkéniho vzorku

az po podani mezinarodni patentové prihlasky.

Cil prace - dil¢i témata X



1. Prehled problematiky, popis
operacni techniky

1.1. Historie a za¢lenéni
prenosu tuku do moderni
plastické chirurgie prsu

Myslenka prenést tukovou tkan z mista
jeho relativniho nadbytku za ucelem zvétseni
objemu prsu neni nova. V roce 1895 zverejnil
némecky chirurg prof. Vincenz Czerny prvni
pfipad rekonstrukce prsu prenosem tukové
tkané, kdy defekt po odstranéni loZiska
fibrézni mastitidy prsu vyplnil objemnym
lipomem.? Eugene Hollander v roce 1910
popsal techniku prfenosu tuku podobnou
té, kterou pouzivame dnes. Tukovou tkan
chirurgicky odebral, rozmélnil a nasledné
aplikoval lipoinjekcemi. Techniku pFenosu
tuku pouzil i ke korekci deformity prsu vzniklé
po chirurgickém odstranéni tumoru.?*

Prikopnikem prenosu tuku byl i Erich
Lexer. Ve své dvoudilné knize ,Die freien
Transplantationen” vénoval priblizné 300 stran
pravé technice transplantace tukové tkané.
Domnival se, ze pfenos tuku nalezne Siroké
uplatnéni v rekonstrukéni i estetické chirurgii.
Techniku pouzil také ke korekci asymetrie prsu
po exstirpaci benigniho tumoru. Z dvodu
Cetnych infekénich komplikaci, kterym neby-
lo mozné na pocatku 20. stoleti zabranit vzhle-

dem k omezenym moznostem zajisténi asepse
a neexistenci antibiotik, nenasel prenos tukové
tkané v této dobé 3irsi uplatnéni. Pro dalsi roz-
voj prenosu tukové tkané byla dllezitd prace
Lyndona A. Peera, ktery v roce 1950 publikoval
teorii o pfihojovani tukové tkané. Studo-
val stupen vstifebani objemu a morfologii
pfenesené tkané na mikroskopické Urovni
v zavislosti na velikosti tukového S$tépu.
Upozornil na citlivost tukové tkané na zpUlsob
odbéru a délku ischémie, poukazal na nutnost
Setrného zachazeni s tukovym $tépem.>

V Ceskoslovensku se ptenosu koritukového
stépu zabyval prof. Kubacek, ktery v 60.
letech minulého stoleti popularizoval pfenos
koriotukového s$tépu pfi rekonstrukci bfisni
stény (tzv. Rehnova plastika?®). Koriotukové
$tépy pouzival k augmentaci prsu prof.
Fara.”” Na brnénské Klinice plastické a estetické
chirurgie byly prof. Veselym a dr. Molitorem
v roce 2006 preneseny volné koriotukové laloky
s nasitim vyzivnych cév ke korekci propadlin
v obli¢eji u Seipova syndromu.

Koncem 70. let minulého stoleti byla
pafizskym chirurgem Illouzem vyvinuta
technika liposukce. Liposukci odebrany tuk
zacal lllouz v 80. letech pouzivat k augmentaci

prsu.?® Pravdépodobné nezavisle ve stejné
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dobé a ve stejném mésté popsal techniku
pfenosu odsatého tuku Fournier. Tukové
injekce aplikoval pouze pod Zzlazu prsu
(retroglandularné) a operaci nabizel vyhradné
pacientkdm, které si pfaly mirné zvétseni prsou
a soucasné odmitaly augmentaci pomoci
prsniho implantatu.?®

Nasledné se tyto operace zacaly provadét
ve vétsi mifre a postupné se navysSovaly
prenasené objemy, s ¢imz souvisel i vyssi vyskyt
tukovych nekréz. Radiologové poukazovali
na nemoznost odliseni mikrokalcifikaci
a olejovych cyst od karcinomu prsu. Proto
Americkda spole¢nost plastické chirurgie
(ASPS) v roce 1987 odsoudila pouziti injekci
autologniho tuku pro zvétSeni prsou, coz
ve svych dusledcich znamenalo v USA docasné
pozastaveni klinického i experimentalniho
vyzkumu v dané oblasti. Pozdéji se potvrdilo,
ze i kalcifikace vznikajici po pfenosu tukové
tkdné do oblasti prsu jsou diagnosticky
rozpoznatelné od mamografického nalezu pfi
podezieni na karcinom 3%

V devadesétych letech 20. stoleti proto
dochdézelo k rychlejSimu zaclenovani techniky
prfenosu tuku do plastické a rekonstrukéni
chirurgie mimo USA. Znac¢né zasluhy na tom
ma francouzsky plasticky chirurg Emmanuel
Delay, ktery v roce 1998 zacal se svymi kolegy
fat graftingem doplnovat chybéjici objem
prsu zrekonstruovaného pomoci laloku
latissimus dorsi. Postupné se navySovaly
objemy pfendseného tuku, pacientky byly
paralelné vysetfovany mamograficky, ultra-
zvukem a magnetickou rezonanci, aniz by se
tim navysoval pocet tukovych nekréz. Vysledky
téchto studii tedy opravnénost dfivéjsich
obav nepotvrdily. Na stejném pracovisti
se postupné rozsifovalo indikaéni spektrum,

nejprve lipomodelace ke korekci nedostatku

po rekonstrukci prsu bfisnimi laloky nebo
implantaty, nasledné rekonstrukce prsu lipo-
modelaci po mastektomii, dale u vrozenych
vad prsu a hrudniku, ke korekci deformit prsu
po konzervativni lé¢bé karcinomu prsu. Lipomo-
delace se tak postupné znovu zacala pouzivat
i v estetické chirurgii k augmentaci prsu.'4323

Lipomodelace prsu zacala byt nasledné
znovu naplini kongrest plastickych chirurg,
nejprve v roce 2001 na kongresu spole¢nosti
francouzské plastické chirurgie SoFCPRE
v Pafizi, a poté ve stejném roce v Milané.
Na mezinarodni Urovni byla lipomodelace prsu
hlavni napIni kongresu IPRAS v roce 2003.

Italsky mikrochirurg Gino Rigotti se své-
tové proslavil zejména tim, Ze poukazal
na regeneracni Ucinek prenesené tukové
tkané v lé¢bé defektl vzniklych nasledkem
radioterapie. Regeneracni ucinky dal do sou-
vislosti s pritomnosti mezenchymalnich kme-
novych bunék v prenesené tukové tkani,
préaci publikoval v roce 20078. Rigotti je déle
autorem myslenky jehlové fasciotomie, kdy
se perkutanné pomoci jehly protinaji vazi-
vové pruhy nebo jizvy v podkozi, které by
jinak zamezovaly expanzi kize po pfenosu
tukového stépu. Nékdy jsou pak tyto fascio-

tomie oznacovany jako rigottomie.

Ve stejném roce publikoval americky
plasticky chirurg Sydney Coleman svoje
zkusenosti s lipofillingem prsu na souboru
17 pacientek a vyzval Americkou spole¢nost
plastické chirurgie k prehodnoceni postoju
k vyuziti této operacni techniky.>* Zdokonalil,
standardizoval a védecky popsal techniku
prenosu tuku, podilel se na vyvoji odbérovych
a aplika¢nich kanyl, které se nasledné staly
vlbec nejcastéji pouzivanymi kanylami
a nékdy jsou oznacovany jako Colemanovy
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kanyly. Dale vytvoril protokol zpracovani
tukové tkané centrifugaci pii otackach
3000 min' na specialni centrifuze urcené
pro centrifugaci 10 ml stfikacek. Po prepoctu
podle pouzitého prdméru rotoru odpovidaji
otacky 3000 min™ relativni odstfedivé sile
1286 g. A nakonec Coleman popsal hlavni
technické zasady aplikace tukové tkané.
Doporucil aplikovat malé objemy tuku pfi
zpétném pohybu kanyly z mnohocetnych
vpichl véjitovité a v rlznych vrstvach, aby
se minimalizovalo riziko hromadéni tukové
tkané v pfijmovém misté. Techniku prenosu
tuku nazval ,lipostructure”>1%3

Roger Khouri vynalezl a popularizoval
systém zevni tkanové expanze (BRAVA™),
pomoci kterého lze expandovat kazi prsu.
Soucasné se tak vytvafi edém a narlsta vychozi
objem pfijmovych mékkych tkani a jejich
prokrveni. Tim se navysuje i jejich kapacita pro
pfihojeni vétsiho objemu tukové tkané.5”3637

V poslednich 15-20 letech jsme byli svédky
obrovského rozmachu v pouzivani prenosu tuku
v plastické a rekonstrukeni chirurgii prsu. Vznikla
samostatnd mezindrodni védeckd spole¢nost
regenerativni plastické chirurgie ISPRES, pod
jejiz zastitou bylo v bifeznu 2012 zorganizovano
prvni mezinarodni setkani spole¢nosti. Fat
grafting se stal uzndvanou soucasti plastické
a rekonstrukéni chirurgie.

1.2. Struktura a fyziologie
tukové tkané

Tukova tkan patfi mezi pojivové tkané. Pro
pfenos tukové tkané je vyuzivana bild tukova
tkan, kterd se nachdazi v podkozi. Je tvore-
na tukovymi bunkami, adipocyty, jednémi

z nejvétsich bunék v lidském téle s velikosti
50-120 um. Obsahuji jednu centralné ulozenou
tukovou kapénku obklopenou prstencem
cytoplazmy a jadro umisténé na periferii
bunky. Adipocyty jsou obklopeny mezibu-
né¢nou hmotou, kterou oznacujeme jako
extracelularni matrix (ECM). ECM ma: 1) fibri-
larni komponentu sloZzenou z kolagennich,
retikuldrnich a elastickych vldken a 2) amorfni
komponentu, kterd je tvofena glykosamino-
glykany, proteoglykany, glykoproteiny. V tu-
kové tkani je fibrildarni komponenta tvorena
predevsim retikuldrnimi vldkny, vytvarejici-
mi jemnou sit kolem adipocytll, a kolagen-
nimi vlakny, které se nachdzejici prfedevsim

na rozhrani lald¢kd a lalokd tukové tkané.

VétSina objemu tukové tkdné je tvorena
piné diferencovanymi adipocyty. Tukova tkan
obsahuje v mensim poctu i jiné typy bunék,
mezi které patfii fibroblasty, vaskularni endote-
lidlni bunky, preadipocyty a nakonec mezen-
chymalni kmenové bunky, na které poukazali
Van et al. jiz v roce 1976, kdyz z enzymaticky
natravené tukové tkané izolovali fibroblastim
podobné bunky, které v pribéhu kultivace
proliferovaly a ziskaly nékteré morfologické
a biochemické Doposud neexistuje protokol,
pomoci kterého bychom dokazali izolovat zcela
jednotnou populaci ASCs (tedy monoklondlni
populaci bunék). Princip izolace téchto bunék
Ize zjednodu3ené popsat jako enzymatické
natraveni lipoaspiratu s naslednou centrifugaci,
po které se ze spodiny zkumavek odebira sedi-
ment. Izolovana skupina bunék se oznacuje jako
vaskuldrni stromalni frakce (SVF). SVF je smési
vice druhll bunék, mezi které patii mimo ASCs
i fibroblasty, vaskuldrni endotelidlni bunky,
preadipocyty, bilé krvinky apod. Izolace mono-
klonaIni populace ASCs pomoci pratokové

cytomerie ¢i magnetické separace je limitovana
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doposud nejednotnymi nazory na klicovou
kombinaci bunécnych marker(.8'84-%> Rozdily
v jednotlivych CD markerech pouzitymi jed-
notlivymi autory jsou prehledné zpracovany
v Tabulce 1. Urc¢eni ASCs pouze na zdakladé
povrchovych marker(i neni proto dostacujici.
Mezinarodni spole¢nost pro bunécnou terapii
(ISCT) doporucuje definovat ASCs jako buriky,
které maji nasleduijici vlastnosti:

Autor, nazev prace, citace

Rigotti, G., et al. Clinical treatment of radiotherapy
tissue damage by lipoaspirate transplant:
A healing process mediated by adipose-derived
adult stem cells.®

Mitchell, J. B. et al. Immunophenotype
of human adipose-derived cells: Temporal
changes in stromal-associated and stem cell-
associated markers. ©

Yoshimura, K., et al. Characterization of freshly
isolated and cultured cells derived from the fatty
and fluid portions of liposuction aspirates.*’

Yang, X.-F, et al. High efficient isolation and
systematic identification of human adipose-
derived mesenchymal stem cells.*

Yoshimura, K., et al. Adipose-derived stem/
progenitor cells: roles in adipose tissue remodeling
and potential use for soft tissue augmentation.*

Dominici, M., et al. Minimal criteria for defining
multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position
statement.®

Condé-Green, A, et al. Influence of decantation,
washing and centrifugation on adipocyte and
mesenchymal stem cell content of aspirated
adipose tissue: A comparative study.®

Condé-Green, A, et al. Effects of Centrifugation
on Cell Composition and Viability of Aspirated
Adipose Tissue Processed for Transplantation.*

1) schopnost bunék adherovat k plastu
in vitro,

2) pfitomnost resp. absence
povrchovych bunécnych CD markerd,

3) schopnost diferenciovat
do mnohocetnych bunécnych linii.*

Chapani procest probihajicich v tukové
tkani se v poslednich letech vyrazné zménilo.

Charakteristika ASCs pomoci povrchovych
bunécnych CD markeri

CD 29+, CD44+, CD 73+, CD90+, CD105+

CD14+, CD34+, CD45+, CD73+, CD90+, CD105+,

CD 31-, CD34+, CD45-, CD90+, CD105-, CD146-

CD 29+, CD31-, CD34-, CD 44+, CD45-, CD 73+,

CD105+, CD166+, HLA-DR-

CD 31-, CD34+, CD45-, CD90+, CD105-, CD146-

CD14-, CD34-, CD45-, CD734, CD90+, CD105+

CD 34+, CD45-, CD105+

CD 34+, CD45-, CD105+

Tabulka 1. Definice ASCs na zakladé povrchovych CD markerl podle jednotlivych autord.
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Bylo prokazano, ze pocet adipocytl v téle
nezlstava konstantni. Adipocyty mohou byt
doplnovany z preadipocytl, resp. z ASCs.
Timto zplsobem se zvétsuje pocet adipocytl
pfi narlstu hmotnosti, kdy soucasné dochazi
i ke zvétsovani objemu adipocytl. PFi sta-
bilni hmotnosti by mély byt tyto pochody

Vv rovnovaze.”

Analogicky jsou z prekurzorovych bunék
nahrazovany i poskozené bunky, v tukové
tkdni tyto procesy probihaji ve srovnani
s jinymi tkanémi relativné pomalu. Jedna
se o tkdn s pomalym obratem bunék, tedy
tzv. o flexibilni (F-typ) tkané. Prfi ozafovani
dochazi k selektivnimu poskozovani ASCs
a prekurzorovych bunék, pfirozena obména
bunék ve tkanich je tak narusena. To se projevi
v odstupu tydnd az mésicll po ozareni jako
pozdni nezddouci Ucinky radioterapie - atrofie,
fibroza, teleangiektazie, nekrdza.*® Regeneracni
efekt fat graftingu se vysvétluje pritomnosti
ASCs v tukovém Stépu. Spolu s tukovym
stépem se do radioterapii poskozenych
tkani dostavaji i ASCs. Dochazi tak k obnové
fyziologickych procest ve tkanich vcetné
obmeény poskozenych bunék, k regeneraci.?

1.3. Pfredoperacni vysetreni,
kontraindikace operace

Lipomodelace prsu je provadéna

zpravidla v celkové anestézii"* Lokalni
anestézie v kombinaci s analgosedaci

se pouzivd méné casto. Nevyhodou

lokdlni anestézie je infiltrace pfijmového
mista lokdlnim anestetikem, coz sniZuje
presnost tvarovani prsu a soucasné
kapacitu pfijmout objem tukové tkané.

Navic byl prokadzan toxicky vliv lokdlnich

anestetik na adipocyty a preadipocyty.**>°
Na zacatku operace se podavaji profy-

lakticky intravendézni antibiotika.

Kontraindikace lipomodelace prsu nejsou
Casté. Mezi kontraindikace patfi pfitomnost
aktivniho onkologického onemocnéni, pfi-
tomnost jiného vaziného systémového
onemocnéni a akutné probihajici infek¢ni

onemocnéni.

Lipomodelace prsu by méla byt kontra-
indikovana u pacientek s potvrzenou mutaci
v genech BRCA 1, 2 s ponechanou mlé¢nou
Zldzou. To stejné plati i pro pacientky, které
spliuji  kritéria pro genetické testovani
téchto mutaci, ale jesté nebyly testované.
Mezi tyto pacientky patfi 1) nemocné osoby
bez pozitivni rodinné anamnézy (pacientky
s diagnostikovanym karcinomem prsu nebo
ovaria do 40 let, pacientky s duplicitou
karcinomu prsu a ovaria nebo pacientky
s bilaterdlnim karcinomem prsu v jakémkoliv
véku), 2) nemocné osoby s pozitivni rodinnou
anamnézou (dvé pribuzné prvniho nebo
paterndlné druhého stupné s karcinomem
prsu nebo ovaria, kdy alespon jedna je
diagnostikovdna ve véku pod 50 let, anebo
tfi a vice karcinomU prsu nebo ovaria v jedné
linii bez vékové limitace) a nakonec 3) zdravé
pacientky, jejichz rodinni pfislusnici méli gene-
ticky potvrzenou mutaci v genech BRCA 1 nebo
BRCA 2.5" Rekonstrukce prsu po mastektomii,
kdy je rizikovy parenchym prsu odstranén,
neni ani u téchto rizikovych pacientek kontra-
indikovana. Naopak korekce deformit po par-
cidlnich mastektomiich u téchto pacientek

kontraindikovéna je. *2

Lipomodelace prsu v estetickych indikacich
je kontraindikovana i u pacientek s anamnézou
karcinomu prsu, a to i v ramci Uprav druho-
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stranného zdravého prsu pfi asymetriich
po rekonstrukci prsu. Obezfetnost v indikaci
je na misté i u jinak zdravych pacientek
s pozitivni rodinnou anamnézou karcinomu

prsu a ovaria v rodiné.>

Lipomodelace prsou za ucelem korekce de-
formity po parcidlni mastektomii a adjuvantni
radioterapii by neméla byt provadéna dfive nez
5 let od operace, a to pouze v pripadech, kdy
v tomto obdobi nebyl vyskyt lokalné-regionalni
recidivy.> U vyraznych deformit, u kterych
je vhodné planovat korekci dfive nez 5 let
od parcidlni mastektomie, je ke zvazeni odstranit
spolu s jizvami i ponechanou mlé¢nou Zladzu
a provést rekonstrukci celého prsu (zpravidla
jinou operacni technikou, nez pfenosem tuku).

Metoda neni vhodna pro stihlé pacientky.

V' ramci predopera¢ni rozvahy dokaze
zkuseny plasticky chirurg na zdkladé télesné
konstituce pacientky odhadnout, kolik tuku
Ize u pacientky odebrat a urdit, zda to bude
dostatecné pro dosazeni o¢ekavaného vysledku
u dané indikace. Je tfeba zohlednovat
skutecnost, Ze se zpracovanim tukové tkané
eliminuji vodnaté slozky lipoaspiratu, tedy
zejména tumescentniho roztoku. V nékterych
pripadech mulze byt Stihlost pacientky spise
pouze technickou prekadzkou, kdy je treba
lipoaspirat odebirat z vice odbérovych mist. Jiz
pfi prvni konzultaci je tedy tfeba posoudit, zda
je na odbérovych mistech dostatek tukové tkané

pro dosazeni pozadovaného vysledku.>

Relativni kontraindikaci je nestabilni
hmotnost pacientky pfed operaci. Pfeneseny
tuk si s sebou totiz nese vlastnosti z odbé-
rovych mist, tento jev miZzeme volné oznacit
jako vnitfni pamét tuku. Pokud pacientka
ztrdci po operaci na vaze, ubyva i objem
preneseného tuku, a naopak.'*

Tuk by nemél byt pfendsen do oblasti, kde
je prokadzdna tukova nekréza. Mensi tukové
nekrézy vzniklé pfenosem tuku se mohou
spontanné vstirebat, vstfebavani muizeme
usnadnit masirovanim. Vétsi tukové nekrézy
lze pred operaci odstranit fragmentaci
pomoci mensi liposukce v lokdlni anestézii,
pfipadné exstirpaci. Nasledné s odstupem
minimalné 3-6 mésicl je mozné prenos tuku

opét realizovat.

Predoperacni vysetfeni u pacientek pred
lipomodelaci prsu by mélo obsahovat tato
dopliikova vysetieni podle diagnézy:

a) pacientky po mastektomii: vyjadieni

onkologa potvrzujici, Ze je pacientka v remisi,

b) pacientky s deformitou prsu po zacho-
vné operaci a adjuvantni radioterapii: vyja-
dfeni onkologa potvrzujici, Ze je pacientka
v remisi onemocnéni. Nezbytné je ultrazvu-
kové a mamografické vysetieni, nékdy také
magneticka rezonance,

C) pacientky pred estetickou operaci
prsu (napf. zvétSeni prsu vlastnim tukem)
nebo pred korekci prsni malformace prsu
lipomodelaci (Polandlv syndrom, tuberdzni
prs, pectus excavatum). Pfed operaci
je vyzadovano ultrazvukové a mamografické
vysetfeni bez ndlezu podezielého loziska -
tedy nalez 1. nebo 2. stupné dle klasifikace
BI-RADS. Mamografické vysetfeni neni nutné
provadét u zen mladsich 40 let. Ultrazvukové
vysetfeni neni tfeba provadét u divek a zen
s hypoplastickymi vrozenymi vadami prsou
do 25 let pfi negativnim palpacnim vysetfeni
prsu, anebo v pfipadech aplazie prsu

v libovolném véku.
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1.4. Odbér tukové tkané

Tukova tkan se odebird liposukci podkoznich
tukovych depozit z lokalit, kde je v nadbytku.
Technika odbéru zasadné ovliviiuje kvalitu

tukového stépu.

K infiltraci odbérovych partii se zpravidla
pouzivaji nizsi objemy tumescentniho roztoku
nez u liposukci z kosmetickych dévodd.
Na Klinice plastické a estetické chirurgie
FN u sv. Anny v Brné infiltrujeme fyziologickym
roztokem s pfidavkem adrenalinu v koncentraci
1:50000."* Smyslem infiltrace neni mechanické

rozepnuti tkani pro snadnéjsi odbér, ale

Obrazek 1. Odbérové kanyly a stfikacky.
V poradi zleva doprava:

zejména nasyceni tkani adrenalinem. Pro
dalsi aplikaci je podil vodnatych slozek
v tukovém Stépu spiSe nevyhodou, protoze
vodnaté slozky lipoaspiratu se snazime béhem
zpracovani naopak odstranit. Pfi pouziti vys$sich
objemu tumescentniho roztoku se prodluzuje
doba odbéru a zpracovani tuku. Dale se
nedoporucuje pfidavat do tumescentniho
roztoku lokalni anestetika, protoze byl pro-
kdzan jejich toxicky vliv na adipocyty
a preadipocyty.** Infiltrace odbérovych partif
nafedénym lokdlnim anestetikem (idedlné
s vasokonstrikénim Ucinkem) lze doporucit
po skonceni odbéru ke sniZzeni poope-
racnich bolesti.

1) 60 ml stfikacka typu,toomey” — soucésti setu PureGraft™,
2) 30 ml stfikacka se zavitem typu,luer-lock” - na nasi klinice pouzivame pti lipomodelaci prsu,
3) 10 ml stfikacka se zavitem typu ,luer-lock” — na nasi klinice pouzivdme pfi odbéru pri fat graftingu

v obliceji, anebo k aplikaci pfi lipomodelaci prsu,

4) odbérova kanyla o prdméru 3,5 mm délky 17cm s 6 otvory na hrotu kanyly (model PLA187, Pouret

Medical, Francie) — pouzivame k lipomodelaci prsu,

5) odbérova kanyla od firmy Tulip pro micro fat grafting - sterilizovatelng,
6) odbérova kanyla z jednorazového setu,St'rim” od firmy Thiebaud pro micro fat grafting.
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V klinické praxi se pouzivaji odbérové

kanyly o rlGznych pramérech, rGznych

velikosti otvorll a jejich prostorového

uspofadani na hrotu kanyly.

Odbér se provadi nejcastéji ru¢né pomoci
stiikacek se Sroubovacim uzdvérem typu luer-
lock nebo s konickym uzdvérem typu toomey
pro nasazeni kanyly. Primér uzavéru typu
toomey je vétsi nez u typu luer-lock (Obrazek 1).
Podtlak se vytvafi pohybem pistu stfikacky
plynule pomoci tlaku palce. Komeréné jsou
dostupné rizné pomdcky fixujici pist stfikacky
v natazeni. Odbérovou liposukéni kanylu
je mozné napojit prostfednictvim hadice
na sbérnou nadobu (kolektor), uvniti které
se vytvaii podtlak napojenim na chirurgickou
odsavacku. Kolektory zacinaji byt pouzivany
ve Vétsi mife zejména na pracovistich, které
provadéji prenos tukové tkané castéji.

Primérodbérové liposukéni kanyly a velikost
otvor(l ma na vlastnosti odebrané tukové tkané
pravdépodobné nejvétsi vliv. Rozdily ve viabilité
adipocytll nazorné zdokumentoval Tonnard
et al. ve své praci o nanofat graftingu, kde
popsal vyssi viabilitu pfi pouziti kanyl o prdméru
3 mm se dvéma otvory 2x7 mm po stranach
(klasicky odbér) oproti kanyldam stejného
priméru s mnohocetnymi otvory priméru
1 mm po stranach (technika microfat grafting).
Jesté nizsi viabilitu pak zdokumentovali pfi
opakovaném pasazovani tukové tkané pres
uzké hrdlo strikacky s koncovkou luer-lock
(technika nanofat grafting).>

Nepotvrdilo se, Ze by velikost podtlaku
zdsadné ovliviiovala viabilitu odebrané
tukové tkané.>>’

1.5. Zpracovani lipoaspiratu

Odebrand tukova tkan, tzv. lipoaspirat,
je smési fragmentl tukové tkané, tukovych
kapének, buné¢ného detritu, tumescentniho
roztoku a krve. Kvalita a pomérné zastou-
peni jednotlivych slozek lipoaspiratu zavisi
na zpusobu odbéru. Cilem dalSiho zpracovani
lipoaspiratu je ziskani purifikované bunécné
smési, kterd se po prenosu minimalné vstre-

bava a ma co nejvyssi regeneracni ucinky.

Nejjednodussi a nejdéle pouzivanou tech-
nikou je sedimentace, pri které se jednotlivé
slozky lipoaspiratu od sebe oddéluji plisobenim
gravitacni sily. Jeji vyhodou je jednoduchost,
nevyhodou pak casovd ndrocnost a vysoky
podil vodnatych slozek ve zpracovaném
tuku.®® V nejjednodussim provedeni se ponecha
lipoaspirat sedimentovat pfimo v odbérovych
stfikackach (princip sedimentace je vyuZzivan
u komeréné dostupnych sbérnych nadob
lipoaspiratu, ve kterych je vytvaren podtlak
napojenim na zdravotnickou odséavacku, a které
jsou uzpulsobené pro napojeni sbérné hadice
spojujici sbérnou nadobu s odbérovou kanylou.
Tyto kolektory Ize umistit pfimo na operacni
stolek, nékteré jsou sterilizovatelné, spodina
kolektoru byvd zpravidla vybavena vypusti
na vodnaté slozky lipoaspiratu.

Snad nejcastéji pouzivanou technikou
zpracovani lipoaspiratu je centrifugace.
Byla popularizovdna Colemanem, ktery
detailné popsal techniku zpracovani tukové
tkdné tfi minutovou centrifugaci pouzitim
relativni odstredivé sily 1286 g. Centrifugace
se provadi pfimo v odbérovych stfika¢kach
(nejcastéji v 10 ml stiikackach dle Colemana).
Odstiedénim se lipoaspirat rozdéli do ctyr
vrstev (Obrazek 7, str. 18). Horni ,olejova
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Obrazek 2. Centrifugace lipoaspiratu.
Na snimcich zndzornéna centrifugace odebrané tukové tkané ve 30 ml odbérovych stiikackadch a nasledné
odstrariovani dolni vodnaté vrstvy jednoduchym povolenim uzavéru stiikacky. Preklopenim stiikacky
se odstranuje horni olejova vrstva, vyliti vrstvy tukové tkané je mozné zabranit pfilozenim mulu, ktery

soucasné absorbuje zbytky olejové vrstvy. Posledni snimek zachycuje prepousténi zpracované tukové

tkané do aplikac¢nich 10 ml strikacek.

vrstva” obsahuje glyceridy z vakuol rozpad-
lych tukovych bunék. Pod ni se nachazi
Jvrstva tukové tkané”, ktera se nejcastéji jako
celek oddéluje od ostatnich vrstev a pouziva
se k vlastnimu pfenosu. Pod ni je svétle rdzo-
va ,vodnatd vrstva” obsahujici tumescencni
roztok a slozky plasmy. Posledni dolni vrstva
(sediment) byva v literatufe oznacovana jako
pellet, obsahuje zbytky pojiva, erytrocyty,
leukocyty a dalsi jaderné buriky.

Na Klinice plastické a estetické chirurgie
FN u sv. Anny v Brné centrifugujeme relativni
odstfedivou silou 1200 g pfimo v odbérovych
30 ml stfikackach, ¢imz se oproti praci s 10
ml stfikackami snizuje pocet manipulaci a cely
proces se zrychluje. Po centrifugaci se uvolni
zatka z uzdvéru stiikacky a dolni vodnata
vrstva se necha volné vytéct. Caste¢né
se pii tom ze spodiny odstrani i frakce pellet.
Horni tukovou vrstvu lze odstranit vylitim
po preklopeni stfikacky (Obrazek 2).

Na nékterych pracovistich v USA se dnes

pouziva rucni centrifugace v infuznich
setech oznacovana jako ,bag centrifugation
technique”. Vzhledem k ru¢nimu pohonu
je velikost odstredivé sily vyrazné nizsi

a nekonstantni (Obrazek 3).

Tretim zdakladnim principem zpracovani
lipoaspiratu je filtrace pfes membranu.
Pouzivaji se filtra¢ni jednotky v podobé

_

Obrazek 3. Rucni centrifugace v infuznich setech.
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sbérnych kanystrQ, jejichz vstupni &ast je
oddélena od vytokové casti membranou,
pres kterou probiha filtrace. Jinym komercné
dostupnym systémem na zpracovani tuku
filtraci jsou sety PureGraft™ (Obrdzek 4).
Jsou uzplsobeny na odbér rué¢ni liposukci
stfikackami s uzavérem ,toomey”. Maji po-
dobu vakul, uvnitf jsou rozdéleny dvojitou
membranou na vstupni a vytokovou ¢ast.
Do vstupni casti je nejprve z odbérovych
stiikacek prepustén lipoaspirat, do stejného
otvoru se instiluje Ringerlv roztok, uvolni
se uzavérka odtokové ¢asti a zahaji se proces
filtrace. Prvni filtrace trva tfi minuty, pak
se opét instiluje Ringerlv roztok, délka druhé
filtrace je 7 minut.

Obrazek 4. Promyvani a filtrace lipoaspiratu pres
membranu v systému PureGraft™.

Na obrazku je zndzornéno napousténi vaku
s lipoaspiratem Ringerovym roztokem pfi uzaviené
odtokové &asti.

1.6. Aplikace tukové tkané

Zpracovana tukova tkan se aplikuje
pomoci injekénich stfikacek a specidlnich
aplika¢nich kanyl. Plasticky chirurg vybira
pramér, délku, tvar $picky a velikost otvoru
aplika¢ni kanyly zejména podle pfijmové
lokality. Kanyla se zavadi skrz vicecetné
vpichy vytvofené jehlou. Pfi lipomodelaci
prsu se vpichy umistuji do submamarni ryhy
a do dvorce, anebo do jizev, pokud jsou
na prsu jiz pfitomny. Naopak se vyvarujeme
oblasti dekoltu, kde je vyrazné vyssi riziko
vzniku keloidnich jizev.

Z kazdého vpichu jsou aplika¢ni kanyly
vedeny tak, ze v pfijmové oblasti vznika
imaginarni trojrozmérnd paprscitd sit mikro-
tuneld, do kterych se pfi zpétném pohybu
kanyly aplikuje tukovéa tkan. Postupuje se
z hlubsich vrstev k povrchové uloZzenym.
V pfipadé lipomodelace prsu se zacina apli-
kaci do m. pectoralis a pokracuje az do
povrchové vrstvy podkozi, délka mikrotunelu
je 10-15 cm a pfi jednom zpétném pohybu
se aplikuje obvykle 0,5-1 ml zpracovaného
tuku.*35 Velmi dualezité je vyvarovat se
opakované aplikaci tuku ve stejném sméru
a vrstvé. Dodrzovanim téchto zdsad se
zamezuje uklddani vétSich objemi tuku
na jednom misté. Pfeneseny tukovy stép tak
muze byt obklopen okolni vaskularizovanou
tkani, kterd je nezbytnd k jeho pfihojeni.
Fragmenty tukové tkané, které maji pfi nami
pouzivanych odbérovych kanylach pro lipo-
modelaci prsu velikost do 1 mm v nejvétsim
rozméru (viz Kapitola 1.4, str. 7), jsou vyzi-
vovany nejprve difuzi, obdobné jako napf.
kozni $tép po autotransplantaci. Nasledné
dochazi k proristani neokapilar z okolnich
tkani. ASCs pfitomné v tukové tkani dobre
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toleruji ischémii a reaguji na ni produkci
angiogennich rlstovych faktord. Tim napo-
mahaji pfihojeni pfenesené tukové tkané
do pfijmovych tkani.*>*°* Uvedend preventivni
opatfeni jsou nejucinngjsim nastrojem proti
vzniku tukovych nekréz."*

Po operaci dochdazi k ¢astecné resorpci pre-
nesené tukové tkané. V prvnich pooperacnich
dnech se vstfebavaji vodnaté slozky obsazené
ve zpracované tukové tkani, zejména zbytky
tumescencniho roztoku. To ale neni klinicky
patrné vzhledem k rozvoji poopera¢niho
otoku, ktery se vstfebava relativné rychle

Obrazek 5. Aplikace tukové tkané do imagindrni trojrozmérné sité mikrotuneld, postupujeme
od hlubokych vrstev k povrchovym.
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v prvnich pooperacnich tydnech. Soucasné
jsou poskozené prenesené adipocyty fagocy-
tovany a degradovany makrofagy. Degradaci
poskozenych bunék dochdzi k castecné
resorpci preneseného objemu tuku v prvnich
3-4 mésicich po operaci.

Vstrebdvani ¢asti objemu preneseného tuku
pacientky dobre toleruji, pokud je jim nalezité
a pred operaci vysvétleno, Ze k resorpci dochazi.
Delay et al. udavaji na zdkladé klinického
hodnoceni zalozeném na porovnavani pred-
operacnich a pooperacnich fotografii a na
porovnani 3D obrazu ziskaného sumarizaci
kamerou snimanych obraz( (Inspeck®), ze
se po operaci vstiebava 30-40% objemu pfre-
nesené tukové tkané, pokud je aplikovana
do zdravé neozarené tkané!%s' To odpovida
i nasim vysledkim.?' Po aplikaci do projizveného
nebo ozareného terénu mize byt stupen
resorpce vyssi. Pokud je pacientka stabilni
na vaze, tak zlistava po 3-4 mésicich objem prsu
stabilni. Se vstfebavanim ¢asti preneseného
objemu je tfeba pocitat, a piijmové misto
odpovidajicim zpUsobem objemové prekori-
govat, zejména pfi korekci prsnich asymetrii.'*2'

Kapacita pro pfihojeni tukového stépu je
nejvice ovlivnéna puvodnim objemem pfij-
movych tkani. Nizsi kapacitu maji pak tkané
po predchozi radioterapii a tkané projizvené.
Pro dosazeni pozadovaného objemu prsu je
tfeba Casto postupovat etapovité. Plati zasada,
ze pokud jsou tkané aplikovanym tukem nasy-
ceny, ma se aplikace tuku ukoncit i v pfipadé,
ze chirurgovi jesté zbyva zpracovana tukova
tkan, anebo Ze si chirurg nebo pacient pral
radikalnéjsi zménu najednou. Vzdy je lepsi
lipomodelaci zopakovat, nez navysovat riziko
vzniku tukovych nekréz. Stupen nasyceni
se vyhodnocuje pohmatem podle tuhosti

a konzistence prsu, coz je velmi subjektivni.

Aplikaci by tedy mél provadét pouze plasticky
chirurg, ktery je ndlezité erudovdn a ma
potiebné zkusenosti.

Objem pfijmové oblasti je mozné zvétsit
pouzitim zevni tkarové expanze BRAVA™. Jedna
se o plastovy korset, ktery je v misté kontaktu
s kdzi vybaven mékkymi silikonovymi okraji.
Plastovy korset je v kontaktu s automatickou
kapesni vyvévou, kterd udrzuje v korsetu
podtlak. Pacientky si systém BRAVA™ aplikuji
po zaskoleni doma samostatné nejprve pouze
na noc, nasledné pak 10 dnl pred operaci
i pfes den se sundavanim pouze na osobni
hygienu. Celkova doba noseni systému BRAVA™
je 4 tydny. Kromé klze se expanduiji i hloubéji
ulozené mékké tkané, ve kterych se vytvari
edém a dochdzi ke zmnozeni vaskularity.
Lze tak prendset vys$si objemy tukové
tkan&.673637 \V CR neni systém BRAVA™ hrazen

ze zdravotniho pojisténi.

Tukova tkan by se méla obezietné aplikovat
v dolnich a laterdlnich ¢astech prsu, protoze
muze velmi snadno dojit k rozsifeni baze
prsu laterdlné a k posunu submamarni ryhy
kaudalné i bez pourziti fasciotomii (viz dale).
Oboje neplsobi esteticky dobie a vznikly
nedostatek se sekundarné koriguje nesnadné.

Pienos tukové tkané muze byt doplnén
celou fadou tzv. modelac¢nich prvka. Nejdi-
lezit&jsi jsou fasciotomie, nékdy oznacovéany
jako rigottomie. Jedna se o prerusovani vazi-
vovych nebo jizevnatych pruhd v podkozi.
Provadéji se perkutanné krouzivymi pohyby
pomoci silné jehly nebo trokaru (G17-G23)
s ostrou spic¢kou. Efekt fasciotomii bude
demonstrovan v jednotlivych kapitolach,
zejména v kapitole o korekci vrozenych vad
prsu a hrudniku (Kapitola 3). Projekci prsu
Ize zvyraznit mensi liposukci."*62
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1.7. Pooperacni péce

Pacienti zpravidla vnimaji bolesti vice
v mistech odbéru tukové tkané liposukci nez
v misté aplikace. Bolestem Ize U¢inné pred-
chazet infiltraci odbérovych mist lokalnim
anestetikem na konci operace.

Dulezitd je prevence vzniku hematom(
a nerovnosti v misté odbéru. Pacientkdm do-
porucujeme pouzivani kompresivniho pradla,
které se nasazuje ihned po ukonceni operace
a které pacienti obvykle nosi 3-6 tydn(

po operaci.

V rdmci péce o pfijmové misto se nam
osvédcilo kryt pfijmova mista mastnym
tylem a chladivym obkladem, ktery fixujeme
volnym, tedy nikoliv kompresivnim obvazem.
Stehy je mozné extrahovat tyden po vykonu.

1.8. Komplikace

Lipomodelace prsu patfi mezi operace
s nizkym poctem chirurgickych komplikaci.

KOMPLIKACE V OBLASTI
ODBEROVEHO MISTA

Jizvy byvaji pacientkami velmi dobre
tolerovany, umistuji se do pfirozenych koznich
zahybd. Byvaji malé (do 1 cm) a po pfechodné
dobé, kdy jsou cervené, blednou. Moznost
vzniku hypertrofické a keloidni jizvy nelze
vyloucit. Po liposukci se mohou vyskytnout
nepravidelnosti kontur odbérového mista.
Nebyvaji Casté, pokud odbér provadi zkuseny
plasticky chirurg. Ve velké vétsiné pFipadu jsou
pacientky se zménou na odbérovém misté
spokojeny a odstranéni tuku v misté jeho

relativniho nadbytku vnimaji jako esteticky
benefit. | to mize byt jeden z dlvodu
vysoké miry spokojenosti pacientd s touto
technikou."* Mohou se ovsem vyskytnout
i dalsi komplikace, které se vseobecné
vyskytuji pfi jinych operacich, nejsou ale casté.
Patfi mezi né zejména krvaceni a infekce,
zpravidla ale dobfe reagujici na cilenou
antibiotickou lécbu.

KOMPLIKACE V OBLASTI
PRIJMOVEHO MISTA

Pfitomnost jizev byva velmi dobfe tole-
rovana vzhledem k jejich velikosti. Pfesto je
tfeba dbat na jejich umisténi. Za nevhodné
je povazovano lokalizovat jizvy medialné
do oblasti dekoltu, kde je obecné vyssi riziko
vzniku hypertrofickych nebo i keloidnich jizev.

Mize se vyskytnout mistni infekce, kterd
se projevuje mistnim zcéervenanim, pfipadné
teplotou. Vyskytuji se zfidka. Delay et al. udavaji
na zakladé retrospektivniho hodnoceni 1440
operovanych pacient( 10 pfipadd lokalni infek-
ce, tedy méné nez v 0,1 % ptipadd.* Tato kom-
plikace je fesitelnd zpravidla lokdlni 1é¢bou,
celkové se podavaji antibiotika.

Pii lipomodelaci prsu se muize vzacné
vyskytnout pneumotorax, ve vyse uvedeném
souboru pacientl byl pozorovan jedenkrat.*

Doposud nebyl popsan pfipad tukové
embolie po pfenosu tuku.'** Pfesto je na
misté obezfetnost a respektovani pribéhu
velkych cév, jako je v. subclavia, ktera mlze

byt u Polandova syndromu uloZena nize.*3

Nasledkem nepfihojeni pfenesené tukové
tkdné mohou vznikat tukové nekrézy, spravné
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nazyvané olejové liponekrotické pseudocysty
nebo olejové cysty. Jedna se o nezhoubné
nebolestivé a casto hmatatelné léze prsu.
Vznikaji i po poranéni prsu, anebo po jinych
operacich na prsu.®® Jednd se o oblasti
odumfelych tukovych bunék, které jsou oba-
leny fibrotickym vazivem. Ve vazivovém
obalu se mohou usazovat ionty vapniku,
které jsou pak patrny na mamografu.
Tukové nekrdzy, resp. olejové liponekrotické
pseudocysty jsou dobfe diagnostikovatelné
pomoci ultrazvukového vysetieni. Maji ty-
picky obraz a zkuSeny radiolog je umi odlisit
od jinych suspektnich 1ézi (Obrazek 6). Delay
et al. zjistili, Ze vyskyt tukovych nekréz, ko-
reluje se zru€nosti a zkuSenosti plastického
chirurga s technikou lipomodelace prsu. Uva-
déji, ze se vyskytuji az v cca 15 % u chirurgl
s inicidlni zkusenosti, naopak pouze ve 3 %

pfipadl u zkusenych chirurgl. Tukové nekrézy
se zpravidla nezvétsuji, naopak se mohou re-
sorbovat, ¢emuz napomahaji tlakové masaze
v pooperac¢nim obdobi. Punkéni biopsie k vy-
louceni nadorového rlstu je indikovana vzdy,
pokud se suspektni tukova nekréza zvétsuje.'*5*

Velmi cennou studii, ktera je zamérena
na vyhodnoceni chirurgickych komplikaci
po lipomodelaci prsu v rekonstrukénich
indikacich, publikovali Agha et al.? Udaje
o cetnosti chirurgickych komplikaci jsou v ni
ziskany analyzou 24 publikovanych studii. Pocty
chirurgickych komplikaci jsou vztazeny k poctu
operovanych prsou, kterych bylo celkem 2832.
Tukové nekrézy se vyskytovaly ve 4,6 %
pfipadd. Vznik tukové nekrézy byl nejcastéji
vyskytujici se komplikaci, kterd pfedstavovala
62 % chirurgickych komplikaci.

Obrazek 6. Tukova nekroza, resp. olejova (liponekroticka) pseudocysta v ultrasonografickém obraze.

Lozisko tukové nekrézy - dobfe ohranicené, pravidelné, hypo- az anechogenni loZisko, s pravidelnou,
jemnou a hladkou sténou, echogenita mlze byt lehce nehomogenni (tekutina je hustsi — olejovita, mGze

tvofit hladinky).
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ONKOLOGICKA BEZPECNOST

Karcinom prsu je nejcastéjsi malignitou
Zen. V CR bylo v roce 2006 hlaseno 5884
novych pfipadd (112/100000) a asi 2000 zen
na toto onemocnéni zemfelo. To orientacné
znamenag, Ze kazda treti zena svému onemoc-
néni podlehne. CelozZivotni riziko vzniku
karcinomu prsu se v nasi populaci pohybuje
okolo 8-10 %.%> Riziko vzniku karcinomu prsu
u jinak zdravé Zeny je tedy relativné vysoké
i bez jakékoliv operace prsu. Nelze ani predpo-
klddat, Zze by jakdkoliv operace, pfi které
se neredukuje mlé¢na Zlaza, tato rizika snizovala.
Relativné Casto se tedy setkavame s pfipady, kdy
je karcinom prsu diagnostikovan u pacientky

po predchozi operaci prsu.

Nebylo prokdzano, Ze by lipomodelace
prsu zvysovala riziko vzniku karcinomu prsu
u zdravych zen 34657

Ukazalo se, Ze rekonstrukce prsu po maste-
ktomii nezvysuje cetnost lokoregionalnich re-
cidiv onemocnéni.®® Onkologické bezpecnosti
rekonstrukce prsu technikou fat graftingu byla
v poslednich letech vénovana celad rfada studii
a jejich pocet se nadale zvysuje.?*>>%°7 \/Sechny
z nich vsak potvrdily, Ze rekonstrukce prsu tech-
nikou lipomodelace po mastektomii nezvy-
Suje Cetnost lokalnich recidiv karcinomu prsu.
Pravdépodobnou pficinou zvysené pozor-
nosti na danou problematiku je skutec¢nost,
ze se v poslednim desetileti stal lipoaspirat
nejjednoduseji dostupnou tkani, ze které Ize
izolovat ASCs. Vznikaji tak obavy, Zze se mUze
dostat pfeneseny tuk pfimo do blizkosti tkani,
které mohly byt pred mastektomii v kontaktu
s tumorem, resp. s jeho blizkym okolim.

Za pozndmku na tomto misto stoji sku-
te¢nost, ze doposud nebyla publikovéana

védeckd prace, kterd by zkoumala vliv
pfimého kontaktu lalokové plastiky obsahujici
podkozni tukovou tkan (napf. DIEP nebo
MS-TRAM lalok) na cetnost lokdlnich recidiv
karcinomu prsu. Tukova tkan pfitom obsahuje
zna¢né mnozstvi ASCs.”> Kmenové bunky jsou
nakonec obsazeny prakticky ve viech lidskych
tkanich, proto by se otazka onkologické bez-
pecnosti méla vztahovat i na ostatni druhy
autologni rekonstrukce prsu. To se ale nedéje.
Dlvodem je pravdépodobné historickd po-
sloupnost objevd v plastické chirurgii, kdy
byla rekonstrukce lalokovymi plastikami
pfijata odbornou spolec¢nosti dfive, nez byly
publikovany dvé pralomové publikace Zuka
et al., které popisuji protokol izolace ASCs

z lipoaspiratu.324°

Samostatnou kapitolou je rekonstrukce
deformit prsu po parcidlnich mastektomiich
a adjuvantni radioterapii, kdy je v prsu pone-
chan zbytek zdravé mlécné zlazy. Riziko vzniku
lokalIni recidivy, anebo koincidence karcinomu
prsu je vzhledem k ponechané mlé¢né Zlaze
vyssi nez po prosté mastektomii.®® Klinické
studie, které byly zaméfeny na vyhodnoceni
onkologické bezpecnosti fat graftingu pfi
rekonstrukci deformit prsu po parcialnich
mastektomiich, neprokazaly signifikantné vyz-
namné zmény v cetnosti lokoregiondlnich
recidiv po lipomodelace prsu.?*$*”° Doporucuje
se vsak rekonstrukci vzniklych deformit
provadét s minimalnim intervalem 5 let
po zachovné operaci prsu bez recidivy.>?

P¥i zvaZovani pfenosu tuku obohaceného pfi
zpracovani tukové tkané o izolované ASCs (resp.
bunky SVF) je tfeba dbat zvldstnich doporuceni
a indika¢nich omezeni, které byly popsany
ve studii publikované Dr. Krumboeckem.*
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2. Porovnani technik zpracovani
tukové tkané pro fat grafting

in vitro

VYCHODISKA A CILE

Autologni tukova tkan se stala diky pokro-
ku v technice prenosu tukové tkané atraktivnim
materidlem k doplnéni objemu formou lipo-
injekci.?#727* Kmenovym bunkdm pfitomnych
v tukové tkani (ASCs) jsou pfisuzovany rege-
neracni ucinky.® Mira pfihojeni tukového $tépu
a stupen vstfebavani jsou ovlivnény podilem
vodnatych slozek, koncentraci ASCs a viabilitou
prenasené tukové tkané a prokrvenim pfijmo-

vého mista*>”>7°,

Tukova tkan pro vysokoobjemovy fat graf-
ting se zpracovava piimo na operacnim sale
nejcastéji pomoci tfi zakladnich fyzikéalnich
principl, mezi které patii sedimentace, centri-
fugace a filtrace pfes membranu. Doposud
existuje pouze limitovany pocet védeckych
praci, které porovnavaji nékteré jednotlivé vlast-
nosti tukového S$tépu v zavislosti na zvolené
technice zpracovani tukové tkané. Chybi viak
védecka prace, ktera by vyse uvedené zakladni
techniky zpracovani tukové tkdné porovnavala
komplexné a mezi sebou.

Cilem prace bylo porovnat nejcastéji
pouzivané techniky zpracovani lipoaspiratu

(sedimentaci, centrifugaci a filtraci pfres
membrdanu) s ohledem na vybrané vlastnosti
tukového $tépu in vitro:

«  podil vodnatych slozek zpracované
tukové tkané,

+  viabilita tukového Stépu,

«  struktura tkané zndzornéna pomoci
skenovaci elektronové mikroskopie,

«  koncentrace kmenovych bunék
ve zpracované tukové tkani.

MEeToDY

Do studie bylo od ledna 2012 do cervna
2014 prospektivné zafazeno 14 pacientd
indikovanych k abdominoplastice. Tukové
tkan byla odebrana z koznich nadbytk(
v oblasti hypogastria. Odbérové partie byly
nejprve infiltrovany tumescencnim roztokem
(500 ml fyziologického roztoku, 1 mg adre-
nalinu). Odbér byl proveden ruéni liposukci
pomoci odbérovych 30 ml stiikacek s uzavérem
typu luer-lock vytvofenim mirného podtlaku
ve stfikace postupnym vytahovanim pistu.
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Kodbéru byly pouzity speciadlniodbérové kanyly
pro vysokoobjemovy fat grafting prliméru
3,5 mm délky 17 cm (model PLA187, Pouret
Medical, Francie). Od kazdého pacienta bylo
odebrano celkem 200 ml lipoaspiratu. Vzorky
lipoaspiratu byly transportovany do laboratore
v pfenosném inkubdtoru pfi konstantni teploté
37 °Cv 50 ml sterilnich zkumavkach.

Zpracovani tukové tkané

Odebrana tukova tkan byla zpracovana
sedimentaci, centrifugaci a filtraci pres mem-
branu. V pfipadé zpracovani tukové tkané
sedimentaci byl vzorek ponechén vinkubatoru
pfi teploté 37 °C na dobu 20 min. Jednotlivé
frakce se oddélily na zakladé rozdilnych hustot
slozek lipoaspiratu plsobenim gravita¢ni sily.
V pfipadé zpracovani lipoaspiratu centrifugaci
byly vzorky centrifugovany odstredivou silou
1200 g po dobu 3 minut.

Sedimentaci i centrifugaci byl lipoaspirat
ve zkumavce rozdélen na tfi vrstvy: 1) vrchni
olejovd vrstva obsahujici glyceridy z vakuol
rozpadlych tukovych bunék — po sedimentaci
je malo vyraznd, az sotva patrng; 2) prostiedni
vrstva tukové tkané (vrstva, ktera se pouziva
k pfenosu) a 3) spodni vodnatd vrstva obsahuijici
zejména slozky tumescencniho roztoku.
Po centrifugaci lze na spodiné zkumavky
identifikovat ,sediment”, ktery bude v textu
oznacovan dle anglosaské terminologie jako
pellet (Obrazek 7). Prostfedni vrstva tukové
tkané byla po zpracovani sedimentaciizolovana
jako celek a v dalSim textu je oznacovana
jako sedimentovany tuk. Prostfedni vrstva
tukové tkané byla po zpracovani centrifugaci
déle rozdélena na dvé frakce: LD frakce

centrifugovaného tuku — horni dvé tretiny

vrstvy tukové tkané o nizsi hustoté (v angli¢tiné
uvadéna jako low-density fraction) a HD frakce
centrifugovaného tuku - dolni tretina vrstvy
tukové tkané o vyssi hustoté (high-density
fraction). Nékteré vlastnosti byly zkoumany
i pro celou vrstvu tukové tkané, oznacované
jako centrifugovany tuk.

Posledni vzorek byl zpracovan promy-
vanim a filtraci pfes membranu. Pii prvnim
promyvani byl vzorek lipoaspiratu ve vstupni
¢asti systému smichdn s 30 ml fosfatového
pufru (0.1 M, pH 7.4) a nasledné po dobu 3 minut
filtrovan pres dvojitou membranu (PureGraftTM,
Cytori Therapeutics, Inc, USA). Pfi druhém
promyvani se pouzilo stejné mnozstvi pufru, ale
doba filtrace byla 7 minut. V nasledujicim textu
bude pro oznaceni tukové tkdné zpracované
promyvanim a filtraci pfes membranu pouzit
termin tuk zpracovany na membrdné, anebo
membrdnou zpracovany tuk.

Olejova
vrstva

Vrstva LD frakce
tukové
tkané

-

. HD frakce

Vodnata
vrstva

— Pellet

Obrazek 7. Vrstvy a frakce centrifugovaného tuku.
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Vlastnosti uvedenych frakci byly zkoumany
separatné. Pfi kazdém méreni byly zazname-
navany objemy jednotlivych frakci. Pro kazdou
frakci byl vypocten objemovy podil frakce zpra-
cované tkané k piivodnimu objemu lipoaspiratu.

Skenovaci elektronova mikroskopie

Ve vzorcich zpracované tkané byla hodno-
cena jeji morfologie pomoci skenovaci elektro-
nové mikroskopie. Jednotlivé vzorky tkané byly
fixovany 3 % glutaraldehydem, nabarveny 1 %
osmium tetroxidem a dehydratovany vzestup-
nou alkoholovou fadou. Dehydratované vzorky
byly pokoveny zlatem. Takto pfipravené vzorky
tkané byly skenovéany v elektronovém mikro-
skopu (MIRA3, Tescan Orsay Holding, Brno,
Ceska republika) a ziskané obrazy byly dale
pozorovany a analyzovany.

Viabilita zpracované tukové tkane

Dale byla stanovena viabilita pomoci
fluorescencni mikroskopie. Jednotlivé vzorky
zpracované tukové tkané byly obarveny
pomoci akridinové oranze a ethidium
bromidu. Pro zobrazeni Zivych a nezivych
bunék byl pouzit konfokalni laserovy skenovaci
mikroskop Fluoview 500, (Olympus C&S Ltd.,
Praha, Ceska republika). Pro kazdy vzorek
tkané byly potizeny fotografie 3 zornych poli,
ze kterych byl ru¢né stanoven pocet zivych
a nezivych bunék. Viabilita zpracované tukové
tkané byla definovana jako procento Zivych
bunék podle nasledujiciho vzorce:

pocet Zivych bungk

Viabilita = pocet Zivych bunék + polet mrtvych bunék

x 100 [%]

Pro kazdy vzorek byla ze tfi zornych poli
vypoctena priimérna hodnota viability. Tyto
pramérné hodnoty byly statisticky porovnany
mezi jednotlivymi skupinami, resp. frakcemi.

Koncentrace kmenovych bunék
ve zpracované tukové tkani

Bunky vaskuldrni stromalni frakce (SVF),
izolované z jednotlivych vzork(l po digesci
kolagenazou pomoci modifikovaného proto-
kolu dle Zuka*#°, byly spocitany a nasazeny
na kultiva¢ni misky. Izolované bunky SVF
byly po nafedéni do kultivatniho media
nasazeny na 24 jamkové kultiva¢ni desticky.
Po 24 hodinové kultivaci byl vyhodnocovan
pocet adherovanych bunék pomoci fluores-
cencni mikroskopie. Buné¢nd jadra adhero-
vanych bunék byla nabarvena fluorescen¢nim
barvivem DAPI. Obrazy adherovanych DAPI
pozitivnich bunék byly zaznamenany pomoci
fluorescen¢niho mikroskopu. Pro kazdy vzorek
lipoaspiratu bylo pofizeno pét fotografii,
spocitaly se DAPI pozitivni bunky pro kazdy
obraz a vypocitala se prdmérnd hodnota.
Primérny pocet adherovanych bunék vztazeny
na 1 cm? zorného pole byl dan do poméru
k poctu nasazenych bunék (84746 bunék
na 1 cm?). Koncentrace kmenovych bunék
(= adherovanych bunék) v 1 ml zpracované
tukové tkané byla vypoctena podle nasle-
dujiciho vzorce:

% adherovanych bunék
100

Koncentrace ASCs = Koncentrace bunék SVF x

Pfislusnost adherovanych bunék k ASCs
byla verifikovana imunoflorescenci (CD105+,
CD90+, CD31+, CD45-) a indukovanou dife-
renciaci do adipogennich a osteogennich
bunécnych linii.
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VYSLEDKY

Podil vodnatych slozek
ve zpracované tukové tkani

Rozdily objemovych podild v zavislosti
na pouzité technice zpracovani tukové
tkdné jsou prehledné zobrazeny v Tabulce 2
a na Grafu 1. Rozdily mezi jednotlivymi sku-
pinami byly vzdy signifikantni. Objemovy
podil membrdnou zpracovaného tuku (46 %)

byl signifikantné nizsi nez u centrifugovaného

tuku (56 %). Objemové podily membrdnou
zpracovaného tuku a centrifugovaného tuku
byly pak oba signifikantné nizsi oproti podilu
pro sedimentovany tuk (70 %).

Mikrostruktura tukové tkané

Struktura vzork( tkané byla zkoumadna
pomoci skenovaci elektronové mikroskopie
a porovndavana v zavislosti na pouzité tech-
nice zpracovani lipoaspiratu. Rozdily byly

pozorovany zejména v usporadani extrace-

Objemovy podil frakce zpracované tukové tkané [%]

& 013 EI’:; BMI o
| 9 47 234 :
I e 60 25.7 70
m e 60 204 70
v 9 54 28.4 83
v 9 30 204 60
VI e 49 27.1 48
Vil 9 18 25.4 60
Vi 9 19 242 70
IX 9 49 27.6 65
X 9 a2 305 90
XI 9 34 39.7 58
Xl e 37 26.6 74
Xl 9 37 33.9 80
XIV 3 51 432 90
Median 445 280  70.0
(min max) (18;60)  (23;43)  (48,90)

Hodnoty P Wilcoxnova parového testu

Frakce centrifugovaného tuku

MEM CEN
LD HD PE
- 60 30 30 2.5
44 55 35 20 2.0
30 52 30 22 2.0
67 63 36 26 2.0
60 50 30 20 3.0
24 38 24 14 1.0
30 62 35 27 4.0
48 60 38 21 2.0
46 50 33 17 2.0
60 62 40 22 2.0
40 52 32 20 1.6
44 56 32 24 1.6
60 68 44 24 1.6
50 60 40 20 4.2
45.8 57.8 35.0 21.6 2.0

(24;67) (38;68) (24;44) (14,300 (1;4.2)

<0.01 mezi vSemi skupinami

Tabulka 2. Soubor pacientli a objemy zpracované tukové tkané vyjadiené v procentech k objemu vzorku

lipoaspiratu pred jeho zpracovanim (50 ml). Rozdily zjisténé pomoci Wilcoxonovych testl mezi jednotlivymi

skupinami byly vzdy signifikantni.
SED - sedimentovany tuk,

MEM - tuk zpracovany na membrané,
CEN - centrifugovany tuk,

LD - LD frakce centrifugovaného tuku,
HD - HD frakce centrifugovaného tuku,
PE - pellet.
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Graf 1. Objemové procento zpracované tukové

vztazené k objemu lipoaspirdtu pred zpracovanim

znazornéné pomoci B-W diagramu. Patrny je median, minimalni a maximalni hodnoty vypovidajici o rozptylu

a také 25 % a 75 % kvantily.

SED: sedimentovany tuk,
MEM:  tuk zpracovany na membrané,
CEN:  centrifugovany tuk,

luldrni matrix, v mnozstvi tukovych kapének

a bunécného detritu.

Vzorky tukové tkdné odebrané chirurgicky
en bloc ostrou preparaci ndzkami a vzorky
lipoaspiratu byly referen¢nimi kontrolnimi
vzorky. V obou téchto pripadech byla dobre
fibrildrni  ¢ast ECM

a morfologie zachovalych adipocytl. Vzorek

zachovana amorfni i

tkdné odebrany chirurgicky se vyznacoval tim,
Ze struktura tukové tkédné byla velmi kompaktni
a adipocyty byly pevné spojeny navzajem mezi
sebou. Soucasné bylo ve vzorku pozorovano
minimalni  mnozstvi tukovych kapének.
Na okrajich vzorkl jsme pozorovali znacny
pocet poskozenych adipocytd a bunécny
detritus. Vzorky lipoaspiratu se od chirurgicky

odebrané tkané Ilidily jesté vy3sim poctem

LD: LD frakce centrifugovaného tuku,
HD: HD frakce centrifugovaného tuku,
PE: pellet.

poskozenych adipocytl, zbytk(l poskozenych
membran a tukovych kapének, pravdépodobné
v dlsledku pasaze tkéné liposukéni kanylou.

Vzorky sedimentovaného tuku obsahovaly
znacny pocet tukovych kapének, poskozenych
adipocytll a buné¢ného detritu podobné jako
u lipoaspiratu. Rovnéz byla zachovala amorfni
i fibrilarni ECM. Amorfni slozku tukové tkané
muzeme pozorovat na snimcich jako ,mukézni”

vrstvu na povrchu adipocytt a fibrildrni ECM.

Zbytky poskozenych membran (bunécny
detritus) byly z velké ¢asti ze vzork( odstranény
ostatnimi technikami zpracovani — centrifugaci
a filtraci pfes membranu. Po centrifugaci
zGstala zachovald vyznamnd ¢ast fibrilarni
komponenty ECM, zejména pak v LD frakci, ale
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prakticky celd byla odstranéna komponenta
amorfni. LD frakce obsahovala vyssi pocet tuko-
vych kapének nez HD frakce centrifugovaného
tuku. Hlavnimi slozkami pelletu byly erytrocyty

a fibrildni komponenta ECM. Ve vzorcich tuku

zpracovaného na membrané byla s tukovymi
kapénkami eliminovana vedle amorfni kom-
ponenty ECM i velkd ¢ast komponenty fibrilarni
(Obrazek 8).

w) DEBRIS

OIL

ADIPO + AC
> ADIPO

m) ECM

> ERY

Obrazek 8. Skenovaci elektronova mikroskopie vzorkud tukové tkané.

Barevné Sipky na obrazku znaci:

DEBRIS: bunécny detritus, zbytky membran
poskozenych bunék,
OIL: tukové kapénky,

ADIPO + AC: neposkozeny adipocyt se zachovalou
amorfni komponentou ECM,

ADIPO: neposkozeny adipocyt bez zachovalé
amorfni komponenty ECM,

ECM: extracelularni matrix,

ERY: erytrocyty,

TK: vzorek chirurgicky odebrané tkang,
LA: vzorek lipoaspiratu pred zpracovanim,
SED: sedimentovany tuk,

MEM: tuk zpracovany na membrané,

LD: LD frakce centrifugovaného tuku,

HD: HD frakce centrifugovaného tuku,

PE: pellet.

Méfitko pro prehledné snimky = 500 pum, méfitko
pro detaily = 100 pm.
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Viabilita zpracované tukové tkané

Existence rozdil(i ve viabilité tukového sté-
pu v zdvislosti na pouzité technice zpracova-
ni byla testovana pomoci neparametrického
ANOVA (Friedmanova) testu a naslednych
Wilcoxonovych post-hoc testt s nulovou hypo-
tézou o shodnych medidnech. Viabilita frakce
pellet (median 85%) byla signifikantné vyssi
nez viabilita ostatnich frakci centrifugovaného
tuku. Rozdily ve viabilité sedimentovaného
tuku (66%), membrdnou zpracovaného tuku
(60 %), a HD (58 %) a LD frakci (60 %) centrifu-
govaného tuku nebyly signifikantni. Pfiklady
fotografii pofizenych na konfokdlnim lasero-
vém skenovacim mikroskopu zobrazujici Zivé
a nezivé bunky nabarvené fluorescen¢nim

barvivem (Obrazek 9).

Koncentrace kmenovych bunék
ve zpracované tukové tkani

Prvnim krokem pro stanoveni koncentra-
ce kmenovych bunék ve zpracované tukové
tkani bylo stanoveni poctu bunék v sedimentu
po digesci kolagendzou. Tento sediment
je obvykle oznacovan jako vaskuldrni stromalni
frakce. SVF obsahuje rlzné typy bunék, ale
pouze ¢&ast z nich ma vlastnosti kmenovych
bunék (viz kapitola 1.2).

Pro stanoveni koncentrace kmenovych
bunék je tfeba nejprve spravné definovat vlast-
nosti kmenovych bunék. V této praci byla res-
pektovana definice kmenovosti bunék podle
mezinarodni spole¢nosti pro bunéénou terapii
ISCT*, podle které je jednou ze zdakladnich

Obrazek 9. Zobrazeni Zivych a mrtvych bunék na konfokalnim fluorescenénim mikroskopu.

Mrtvé bunky jsou obarveny ¢ervené etidium bromidem vazanym na jadro bunék. Zivé bunky jsou

obarveny akridinovou oranzi, kterd se vaze na jadra i Zivych bunék.

SED: sedimentovany tuk,
MEM:
LD: LD frakce centrifugovaného tuku,

tuk zpracovany na membranég,

HD: HD frakce centrifugovaného tuku,
PE: pellet.
Méritko = 200 pm.



vlastnosti kmenové buriky schopnost adhero-
vat k plastovému dnu kultivacni misky. Proto
byly bunky SVF nejprve nasazeny v jednotné
koncentraci na kultiva¢ni misky a po 24 hod fixo-
vany a obarveny pomoci DAPI. Stanovilo se tak
procento adherovanych bunék. Pocet adherova-
nych bunék (tedy ASCs) ve vzorku byl pfepocten
na jednotku objemu zpracované tukové tkané.

Timto zplsobem byla stanovena koncen-
trace kmenovych bunék ASCs ve vzorku.
V' koncentraci kmenovych bunék nebyly
zjistény signifikantni rozdily mezi sedimentova-
nym tukem, tukem zpracovanym na membrdné
a centrifugovanym tukem. Prekvapivd a pro
klinickou praxi podstatna zjisténi se tykala kon-
centraci kmenovych bunék v jednotlivych frak-
cich centrifugovaného tuku. Ve frakci pellet bylo
mnozstvi kmenovych bunék signifikantné nizsi

210000 -
180000 -
150000 A
120000 -
90000 -

60000 1 o

Koncentrace kmenovych bunék

30000 -

nez ve viech ostatnich skupinach. V LD frakci
centrifugovaného tuku byla naopak detekovana
signifikantné vyssi koncentrace kmenovych bu-
nék oproti HD frakci, a dokonce i oproti tukové
vrstvé centrifugovanému tuku jako celku (tedy
na frakce nerozdélené vrstvé tukové tkané
po centrifugaci). Vysledky jsou prehledné uve-
deny na Grafu 2 a v Tabulce 3.

Druhy urcujicim kritériem pro kmenovost
bunék vedle schopnosti adherovat k plastu
je podle Mezinarodni spole¢nosti pro bunéc-
nou terapii (ISCT) pfitomnost bunécnych povr-
chovych marker. Adherované bunky byly
po 24hodinové kultivaci fixovany a nabarveny
imunofluorescencnim barvivem. Byla potvrzena
ocekavana charakteristika adherovanych bunék,
tedy negativni pro CD31 a CD45 a pozitivni
pro CD90 a CD105.

Maximum
75% kvantil
Median
25% kvantil
Minimum

R

2

CEN

LD HD PE

Graf 2. Koncentrace kmenovych bunékv 1 mlzpracované tukové tkadni znazornéna pomociB-W diagramu.
Patrny je median, minimalni a maximalni hodnoty vypovidajici o rozptylu a také 25 % a 75 % kvantily.

SED: sedimentovany tuk,
MEM:  tuk zpracovany na membrané,
CEN: centrifugovany tuk,

LD: LD frakce centrifugovaného tuku,
HD: HD frakce centrifugovaného tuku,
PE: pellet.
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SED MEM
SED - 0.721

MEM 0.721 -
CEN 0.859 0.859
LD 0.139 0.203

Frakce
centrifugovaného HD 0.139 0.093
tuku

PE 0.017 0.017

Frakce centrifugovaného tuku

CEN
LD HD PE
0.859 0.139 0.139 0.017
0.859 0.203 0.093 0.017
- 0.038 0.086 0.012
0.038 - 0.013 0.012
0.086 0.013 - 0.012
0.012 0.012 0.012 -

Tabulka 3. Vysledky Wilcoxonovych testd znazorfujici rozdily v koncentraci ASCs mezi jednotlivymi
skupinami. Statisticky signifikantni rozdily jsou zvyraznény tu¢né, ostatni rozdily nebyly signifikantni.

Multipotentni charakter bunék, tedy schop-
nost déleni do rlznych typ, je treti zdkladni
kritérium urcujici kmenovost burky. Schopnost
déleni adherovanych bunék do adipogennich
a osteogennich bunéénych populaci byla potvr-
zena ve vsech skupindch zpracované tukové
tkané bez rozdild v kvalité rlstu bunék mezi
jednotlivymi vzorky. Pomoci histologického
barveni byly ve vzorcich detekovény tukové
kapénky, resp. depozita kalcia.

DiskusE

Ugelem zpracovani lipoaspiratu je ziskani
bunécné smési nejlepsich biologickych vlast-
nosti pro prihojeni tukového $tépu. Cilem prace
bylo porovnat vybrané vlastnosti tukové tkané
zpracovavané pomoci nejcastéji pouzivanych
technik v klinické praxi.

Podil vodnatych slozek
ve zpracované tukové tkani

Kazda tkan ma urcitou kapacitu pfijmout
prfenesenou tukovou tkan. Kapacita pfijmo-
vych tkéni je dana jednak plvodnim objemem
a kvalitou prokrveni, mnozstvim pevnych
vazivovych spojeni v podkoZi, resp. i v jizvé,
a nakonec také vlastni opera¢ni technikou
aplikace tukové tkané. Pokud je kapacita pfij-
movych tkani prekracovdana, mohou vznikat
ve zvyseném poctu tukové nekrdzy, vznikajici
na podkladé neptihojeni tukového stépu. Pro
uréeni miry nasyceni pfijmovych tkani tukem,
tedy momentu, kdy je tfeba od dalsi aplikace
upustit, je dllezity zejména cit a zkusenost plas-
tického chirurga'®. Pfenos tukové tkané s vyssim
nebo nekonstantnim obsahem vodnatych slo-
zek je dle nazoru autora zatizen vétsi subjek-
tivitou pfi odhadovani stupné nasyceni tkani.
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Vodnaté slozky obsazené ve zpracované tukové
tkani (napf. zbytky tumescenéniho roztoku)
se navic po prenosu tukové tkané rychle resor-
buji, vy3si je tedy i resorpce preneseného tuku
v ¢asném pooperacnim obdobi.

Kurita et al. zjistili, Ze se objemy olejové
a vodnaté vrstvy po centrifugaci zvysuiji,
a naopak objem tukové vrstvy se snizuje,
se zvysujici se odstiedivou silou az do hodnoty
odstredivé sily 3000 g.2° To jsou ale jiz hodno-
ty, pfi kterych podle nékterych autor(i dochazi
k poskozovani bunék, resp. ke snizovani viability
tukové stépu.t'® Pfi pouziti techniky sedimen-
tace se zmensuje objem tukové vrstvy (dochazi
k zahustovani tukového stépu) v zavislosti
na délce trvani sedimentace. Tedy az do urcité
mezni doby, po které se jiz objemy jednotli-
vych frakci neméni. Podil vodnatych slozek
ve zpracované tukové tkani analogicky klesa
s délkou trvani filtrace pfes membranu.

Z nasich vysledkl jednoznacné vyplyva,
ze nejméné vodnatych slozek obsahuje
na membrdné zpracovany tuk, u kterého
objemu pfenesené tukové tkané v casném
poopera¢nim obdobi.

Viabilita zpracované tukové tkané

Viabilita tukového 3tépu je povaZovana
za jeden z faktor( ovliviuijici vstfebavani tukové
tkdné. Predpoklada se, ze poskozené buriky
se po transplantaci vstfebavaji ve vétsi mire.
Bylo prokazano, ze procento zivych bunék
v dobé transplantace koreluje s objemem
pfihojené tkané**7>787° 7 téchto divodi bylo
jednim z hlavnich cill této prace vyhodnotit,
zda se viabilita tukového stépu lisi podle pouzité
techniky zpracovani lipoaspiratu.

Pro vyhodnoceni viability tukového tkané
existuje cela rada technik. Pfikladem muze
byt stanoveni metabolické aktivity bunék
MTT testem, XTT testem, testem glukézového
transportu, anebo testem na fizené uvolfiovani
glycerolu po indukci lipolyzy.”884 Stanoveni
metabolické aktivity tkdni se mimo jiné casté&ji
pouziva pro testovani farmakologickych pro-
fild léciv. Dalsi moznosti testovani viability
tkani je barveni vzork( akridinovou oranzi
a ethidium bromidem a porovnavani poctu
Zivych a mrtvych bunék pomoci fluorescenéni
mikroskopie. V nasi studii jsme testovali zpra-
covanou tukovou tkan rozdilné konzistence
a obsahu vodnatych slozek. Proto jsme pro
stanoveni viability upfednostnili techniku
fluorescencni mikroskopie znazorfujici zivé
a mrtvé bunky bez ohledu na jejich koncen-
traci ve vzorku tukové tkané.

V nasi studii jsme neprokazali signifikantni
rozdily mezi viabilitou sedimentovaného tuku,
mezi LH a HD frakci centrifugovaného tuku
a mezi tukem zpracovanym na membrdné.
Vysledky této studie tedy nekoresponduji
se zavéry prace Zhu et al, ktefi na zdkladé
porovnani uvolfiovani glyceloru po adrenergni
stimulaci adipocytl v experimentu poukazali
na signifikantné vyssi viabilitu tukové tkané
po zpracovani v systému PureGraft™, zalozeném
na filtraci pres membranu, nez po centrifugaci.”

Mikrostruktura tukové tkané

Tukova tkan je pfi zpracovavani vystave-
na puUsobeni rGznych fyzikalnich podnétd.
V dostupné literatufe jsme nenasli publikaci,
kterd by porovnavala submikroskopickou
strukturu tukové stépu po zpracovani sedi-
mentaci, centrifugaci a filtraci pfes membranu.

| proto byla pfi realizaci této prace vénovana
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zkoumani submikroskopické struktury zpraco-
vané tukové tkané znacnd pozornost. Z nasich
vysledkd jsou patrné vyznamné rozdily mezi
zkoumanymi vzorky zejména ve slozeni extra-
celularni matrix, v poctu bunécného detritus
a tukovych kapének.

ECM ma jednak fibrilarni komponentu slo-
zenou z kolagennich, retikularnich a elastickych
vldken, a pak amorfni komponentu, kterd
je tvorena rlznymi proteoglykany, glykopro-
teiny a navazanou vodou. Zda se, ze pravé
extracelularni matrix vytvafi pro kmenové buri-
ky tukové tkané potiebné mikroprostiedi ovliv-
nujici chovani bunék - prolifera¢ni aktivitu,
diferenciaci, migraci, apod.* Lze se domnivat,
Ze extraceluldrni matrix na sebe mze vazat
i daldi substance jako napft. ristové faktory,
které mohou byt zodpovédné za ¢ast regene-
ra¢niho potencialu prenasené tukové tkané.

V souladu s nasim ocekavanim se potvrdilo,
ze sedimentovany tuk ma morfologii velmi po-
dobnou lipoaspirdtu. Vzorky obsahuji v obou
pfipadech zna¢né mnozstvi tukovych kapének
a zbytkd poskozenych adipocytd. Ve vzorcich
jsme pozorovali velmi dobfe zachovanou fibri-
larni komponentu ECM a na rozdil od ostatnich
technik zpracovani jsme na povrchu adipocyt(
sedimentovaného tuku pozorovali i velmi dobre

zachovalou amorfni slozku ECM.

Tukové kapénky a zbytky poskozenych
adipocytl byly ze vzorkd uc¢inné eliminova-
ny jak centrifugaci, tak filtraci pfres membra-
nu. Amorfni slozka extracelularni matrix byla
centrifugaci nebo filtraci pres membranu
ze vzorkd eliminovana pravdépodobné puso-
benim odstredivé sily nebo promyvéanim
pfes membranu. Vzorky tuku zpracovaného
na membrdné se vyznacovaly vyjasnénou
povrchovou kresbou adipocytl a obsahovaly

i méné fibrilarni komponenty ECM, kterd byla
ve Vvétsi mife zachovald na povrchu bunék
LD frakce centrifugovaného tuku. Mnozstvi fib-
rildrni komponenty bylo pak nejvyssi v pelletu.
Vzhledem k potencidlni vazbé rlstovych fak-
tord na ECM® je mozné se domnivat, Ze i stu-
pen zachovani ECM muze do jisté miry ovliv-
novat vysledny regeneracni efekt prenesené
tukové tkané.

Koncentrace a vyznam kmenovych
bunék ve zpracované tukové tkani

Kmenové buriky pfitomné v tukové tkani
(ASCs) se podileji na procesech pfihojeni
pfeneseného tukového $tépu do pfijmovych
tkani a jsou odolné na ischémii. Adipocyty,
které poskytuji kmenovym bunkam vhodné
mikroprostiedi, se naopak vyznacuji vysokou
citlivosti na ischémii v priibéhu hojeni.** ASCs
plsobi v ischemickych podminkach angio-
genné, nebot ischémie indukuje vyplavovani
angiogennich rlstovych faktord z ASCs.*~?
Koncentrace ASCs v pfenasené tukové tkani
je nékterymi autory povazovana za jeden
z ciniteld, ktery ovliviiuje stupen resorpce
tukového stépu.’>7’

V této praci byla respektovana doporu-
¢eni Mezinarodni spole¢nosti pro buné¢nou
terapii (ISCT), kterd definuje ASCs podle
nasledujicich kritérii:

1) schopnost bunék adherovat
k plastu in vitro,
2) pritomnost resp. absence

povrchovych bunéénych
CD markerq,

3) schopnost diferenciovat
do mnohocetnych bunécnych linii.*
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Na zdkladé reserse jsme definovali ASCs
jako CD31 a CD45 negativni a CD90 a CD105
pozitivni bunky. Kmenovost adherovanych bu-
nék jsme pak potvrdili i pomoci diferenciace
do osteogennich a adipogennich bunécnych linii.

Allen et al. zkoumali separatné jednotlivé
frakce tukové vrstvy centrifugovaného tuku,
obdobné jako my. Oproti nasi studii viak byly
rozdilné velikosti zkoumanych frakci. Konkrétné
porovnavali hornich 9/10 tukové vrstvy o nizsi
hustoté (low-density fraction) a dolni 1/10 o vy3si
hustoté (high-density fraction). V experimentu
in vivo Zzjistili, ze objem dolni frakce o vyssi
hustoté pretrvava v misté aplikace ve vyssim
objemovém procentu a Ze tato dolni frakce
obsahuje vys$si koncentraci progenitorovych
bunék. Pocet progenitorovych bunék stanovili
izolaci mononuklearni bunécné populace vas-
kularni stromalni frakce pomoci magnetické-
ho bunéc¢ného separdtoru za pouziti protilatek
(anti-CD5, CD45R (B220), CD11b, Gr-1 (Ly-6G/C)
a Ter-119)
kych mikrokuli¢ek.®”

znatenych pomoci magnetic-

V nasi studii byla velikost frakci definova-
na odlisné tim, Ze objem frakce o vy3si hustoté
byl vy3si — dolni 1/3 tukové vrstvy (HD frakce).
Naopak objem frakce o nizsi hustoté byl
mensi — horni 2/3 tukové vrstvy (LD frakce).
V klinické praxi je tak jesté redlné uvazovat
0 pouziti samostatné LD nebo HD frakce i pfi
prenosech vyssich objemi tukové tkané, jako
je tomu napfiklad pfi lipomodelaci prsu. Pokud
by se zvaZoval separatni prenos frakce mensi
nez 1/3 tukové vrstvy, tak by se v téchto indi-
kacich i nepfiméfené navysovaly pozadavky
na objem odebraného lipoaspiratu. To muze
byt limitujici zejména u Stihlych pacientd.
Odlisné jsme dale definovali ASCs jako bunky
CD105+, CD90+, CD45-, CD31-.

ASCs

v jednotlivych frakcich jsme ale prekvapivé

Pfi porovnavani koncentrace
dospéli k opac¢nym vysledkdm, kdyz jsme pfi
porovnavani LD a HD frakci zjistili signifikantné
vyssi koncentraci ASCs v LD frakci (P = 0,013).
Soucasné jsme prokdzali vyssi koncentraci ASCs
v LD frakci centrifugovaného tuku oproti na frakce
nerozdélené tukové vrstvé centrifugovaného
tuku (P = 0,038). LD frakce centrifugovaného
tuku tedy obsahuje nejvyssi koncentraci ASCs.
Rozdilnost vysledkd nasi studie oproti vysled-
kd Allena et al. si vysvétlujeme odliSnym zp(-
sobem definice ASCs. Nizsi koncentrace ASCs
v HD frakci centrifugovaného tuku miZe souviset
s vyssim obsahem vazivové tkéné, napf. zbytkl
vazivovych sept, které v klinické praxi pozoruje-
me jako svétlé vlaknité fragmenty tkdné ucpa-
vajici odbérové a aplikacni kanyly. Dolni ¢ast
HD frakce centrifugovaného tuku miva c¢asto
obdobné svétlejsi az bélavé zbarveni (Obrazek 7).
Pfi zkoumani HD frakce centrifugovaného tuku
na submikroskopické urovni jsme v3ak vyssi
obsah vazivové tkédné v porovnani s LD frakci
centrifugovaného tuku nedetekovali.

Z AVERY

Potvrdilo se, Ze centrifugace a filtrace pres
membranu jsou uUcinné techniky zpracovani
tukové tkané, které Ize doporucit pro fat grafting.
Centrifugaci se vrstva tukové tkané rozdéluje
na frakce s odlisnym obsahem ASCs, a tedy
i s rozdilnym potenciondinim regenera¢nim
ucinkem. Informace o tom, jakym zplsobem
ovliviuje technika zpracovani vlastnosti
tukového stépu, muize byt zasadni pro vybér
techniky pro klinickou praxi.
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3. Korekce vrozenych vyvojovych vad
prsu a hrudniku lipomodelaci

VYCHODISKA A CILE

Vrozené deformity hrudniku Ize u chlapct
vnimat jako jeden esteticky a funkéni problém.
U divek a zen viak deformovany tvar hrudniku
znacné esteticky ovliviiuje vzhled poprsi, a to
i v pfipadech, kdy je vyvoj prsou nepostizen.
Vrozené deformity hrudniku a vrozené vady
prsou je pak tfeba pfi planovani lécebné

strategie vnimat komplexné.

Vrozené deformity hrudniku mohou byt
zietelné patrné jiz po narozeni. Pro nékteré
vady, jako napf. pectus excavatum, je vsak
typické, Ze se deformita stava zfetelnéji patrna
az v predskolnim nebo raném skolnim véku
a postupné se dale zvyrazhuje smérem
k puberté a adolescenci. Vrozené hypoplastic-
ké vady prsi se projevuji zpravidla az v dobé
puberty. Vada mlze mit nepfiznivy vliv
na osobni i spolecensky zivot dospivajiciho
jedince, pficemz divky zpravidla vnimaji vadu
citlivéji. Mohou prozivat pocity ménécennosti,
které jsou umocriovany prave tim, ze si zacnou
vadu uvédomovat v obdobi, kdy jsou emocné
nestabilni, stydlivi(€) a snadno zranitelni(é)
nesetrnymi poznamkami z okoli.

Polandliv syndrom je vrozend vada

hrudniku a horni koncetiny pojmenovana

po britském anatomu Alfredu Polandovi.
Zéakladnim znakem syndromu je aplazie nebo
hypoplazie m. pectoralis major, kterd maze byt
asi ve 12 % pfipad{ spojend s dalsi vrozenou
anomalii na horni koncetiné.8° Postizeni
horni koncetiny mize byt znacné variabilni,
Casta je mékkda syndaktylie a hypoplazie
strednich ¢lankd prstl ruky. Poland(v synd-
rom se vyskytuje cca 3x castéji u chlapct nez
u divek. U divek s Polandovym syndromem
byvd na postizené strané zpravidla narusen
i vyvoj prsu, ¢asta je jeho vyrazna hypoplazie
nebo aplazie, méné casto i athélie (nevyvinuti
bradavek). Pokud je bradavka vyvinuta,
tak je uloZena atypicky kranidlnéji a dvorec
je mensi. Odhaduje se, Ze Polandtv syndrom
predstavuje 14 % vyvojovych vad spojenych
s hypoplazii prsu.”’

Tuberézni deformita prsu je podminéna
poruchou vyvoje baze prsu, kdy rudiment
Zldzy zlstava ulozen centrdlné a je obalen
vazivovitym prstencem (tzv. constrincting
ring). V puberté pak dochdazi pod vlivem
hormondélnich zmén k typickému vyklenuti
dvorce a bradavky.>** Zavaznost vady lIze
hodnotit pomoci Grolleauovy klasifikace®*:
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« typ |- deficit vnitfniho dolniho
kvadrantu prsu,

« typ Il - deficit obou dolnich kvadrant(,

«  typ lll - deficit vSech 4 kvadrant( prsd,
kdy vznika charakteristické tuberézni
vyklenuti prsu v oblasti dvorce.

Tuberézni deformita byva vyjadiena castéji
oboustranné, pficemz stuperi deformity se mize
na kazdé strané znac¢né lisit.

Pectus excavatum neboli vpaceny hrudnik
je vrozend vada projevujici se vpacenim hrudni
kosti a prilehlych Zzebernich chrupavek obvykle
distdlné od 3. nebo 4. Zebra. Kontralateralni
zeberni chrupavky mohou byt naopak ele-
vovany. Vada mlze mit symetricky nebo asy-
metricky charakter, nékdy mulzeme pozorovat

rotaci sterna. *°

Ke korekci vrozenych vad prsu a hrudniku
byla popsana celd fada rekonstrukénich pos-
tupt. Doménou hrudnich chirurgl je korekce
vyraznéjSich vad hrudniku, u kterych je tfeba
k uspokojivé korekci vady upravit postaveni ske-
letu. Prikladem muze byt korekce vpaceného
hrudniku Nussovou operaci®® Plasticky chirurg
fesi méné vyjadrené vady hrudniku pomoci do-
plnéni objemu, a dale veskeré vrozené vady prsu
(izolované nebo kombinované s deformitou
hrudniku). Lipomodelace je miniinvazivni me-
toda Iécby, ktera se pfi korekci vrozenych vyvo-
jovych vad prsu a hrudniku ukazuje jako velmi
Uc¢inna a perspektivni. Mlze byt pouzita samo-
statné, anebo m{ize byt nedilnou soucasti kom-
binovanych rekonstrukénich postupd. Cilem
prace je poukazat na nové moznosti rekonstruk-
ce vrozenych vyvojovych vad prsu a hrudniku
technikou lipomodelace. Vysledky jsou prezen-
tovany formou vybranych kazuistik, které nava-
zuji na dfive publikované prace autora.

PACIENTI A METODY

Do souboru bylo zafazeno 8 pacientd,
u kterych byla od ledna 2013 do prosince
2017 pouzita lipomodelace jako hlavni rekon-
strukéni technika ke korekci vrozené vady prsu
nebo hrudniku. Jednalo se o dvé pacientky
s Polandovym syndromem a aplazii prsu,
o jednoho pacienta s Polandovym syndro-
mem s agenezi m. pectoralis, dvé pacientky
s tuberéznim prsem a jednu pacientku

s vpacenym hrudnikem a asymetrii prsu.

Pacienti, resp. jejich rodice, byli pouceni
ustné a formou pisemného informovaného
souhlasu o zakroku, pooperacni péci a moznych
komplikacich. Byli také pouceni o tom,
Ze bude vysledku dosazeno v nékolika etapach
a podle pfedoperac¢niho nalezu byl operatérem
i odhadnut jejich minimdlni pocet. Soucas-
ti predoperaéniho vysetfeni u zen/divek bylo
i sonografické vysetieni prsu s benignim nale-
zem BI-RADS 1 nebo 2. Ultrazvukové vysetieni
naopak nebylo pozadovano u divek s aplazii
prsu pred prvni etapou lipomodelace.

Vsechny operace byly provedeny v celkové
anestézii autorem habilitacni prace, misto
odbéru tukové tkané bylo vybirano s ohledem
na prfani pacienta/pacientky, tukova tkan byla
zpracovana centrifugaci. Tukova tkan byla apli-
kovéna z nékolika (zpravidla 4-5) jehlovych
incizi umisténych v oblasti dvorce a podprsni
ryhy po vrstvach - nejprve do hlubokych vrstev,
pak povrchové, a v rlznych smérech tak, aby
byl tukovy $tép obalen dobfe vaskularizovanou
tkani (viz. Kapitola 1.6). Vzhledem k minimalni
tloustce mékkych tkani v oblasti pfijmového
mista byly proto v prvnich rekonstrukénich
etapach i relativné malé objemy prendsené
tukové tkané, prenasené objemy pak byly navy-
Sovany v naslednych etapach.
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Klicové pro dosazeni poZzadovaného vysled-
ku pfi korekci vrozenych vad prsu a hrudniku
je pouziti modelacnich prvkd. Nejdulezitéjsi jsou
fasciotomie. Jedna se o perkutdnni prerusovani
podkoznich vazivovitych sept. Lze tak posunovat
podprsni ryhu kaudalné a modifikovat nékteré
dllezité vzdalenosti na prsu. U Polandova syn-
dromu slouZi fasciotomie k posunu bradavky
kauddlné. U tuberdzni deformity prsu tak lze
modelovat dolni ¢ast prsu, kdy se pomoci fas-
ciotomii rozrusuji konstrikéni pruhy, které jsou
pficinou této vrozené deformity.

V pooperaénim obdobi bylo provedeno:

« pooperacni kontrola: 10-14 dnt
od operace,
« vysetieni plastickym chirurgem
a ultrazvukové vysetreni: 2-3 tydny
pred 2. a dalsi etapou lipomodelace,
« vysetfeni plastickym chirurgem
a ultrazvukové vysetieni: 6 mésicl

po zavérecné etapé lipomodelace,

c. Diagnéza

1 Polanddv syndrom s aplazii prsu vlevo

2 Tuberdzni deformita pravého prsu (Greleau Ill)
3 Tuberoézni deformita pravého prsu (Greleau Il)
4 Polanddv syndrom s aplazii prsu vpravo

5 Polanddv syndrom vpravo (ageneze

m. pectoralis)
6 Pectus excavatum, asymetrie prsou

Vlyraznd asymetrie prsou — hypoplasticky
prs vpravo

Vlyraznd asymetrie prsou — hypoplasticky prs
vpravo s tuberézni deformitou (Greleau I1)

Pramér

Pred operaci a béhem kontrolnich po-
operacnich vysetfeni byla pofizena standar-
dizovana fotodokumentace.

VYSLEDKY

Do souboru bylo zafazeno 8 pacientd,
u kterych byla od ledna 2013 do prosince
2017 pouzita lipomodelace jako hlavni rekon-
strukéni technika ke korekci vrozené vady prsu
nebo hrudniku. Primérny vék pacientd byl
18,7 let (14-25 let), priimérny pocet etap lipomo-
delaci byl 2,5 (1-5) a prdmérné follow-up bylo
12,8 mésice (3-26 mésict). Jednotlivé indikace,
pocty rekonstrukénich etap a objemy prena-
sené tukové tkané jsou prehledné uvedeny
v Tabulce 4. Rekonstruované prsy byly vysetieny
ultrazvukem s nalezem homogenni tkané
s vyskytem ojedinélych benignich cystoidd
(olejovych liponekrotickych pseudocyst)
do velikosti 12 mm (viz publikace pfiloze-
nad in extenso”). Nebyly pozorovany zadné

Objem aplikovaného tuku

Vék Polet v jednotlivych etapéach [ml]
Q/3

[let] etap

| Il 1] 1\ Vv

Q 14 5 187 200 210 245 240
Q 19 2 441 230
Q 17 2 240 220
Q 15 3 60 95 106
3 25 2 135 145 127

9 2 1 245

Q21 2 245 230

18 2 260 295

+O

180 24

Tabulka 4. Objemy prenasené tukové tkané v jednotlivych etapach.
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chirurgické komplikace s vyjimkou drobné ne-
rovnosti v misté odbéru liposukci na vnitfnich
stehnech u jedné pacientky.

14leta pacientka s Polandovym
syndromem vlevo (pacientka ¢. 1)

Lipomodelaci byla provedena rekonstruk-
ce levého prsu u pacientky s Polandovym
syndromem s aplazii prsu vlevo (bradavka
se sotva patrnym rudimentem mlécéné Zlazy
lokalizovana kranidlné v porovnani se zdravou
stranou. Patrnost vady byla zna¢né umocnéna
hypetrofickym rlistem zdravého prsu. Vysoky
stupen asymetrie pacientka psychicky Spatné
tolerovala, proto jsme s rekonstrukci prsu
zacali jiz ve véku 14 let. Prs byl rekonstruovan
pomoci péti etap lipomodelace s rozestupem
3-8 mésicl a s postupné narlstajicim obje-
mem prenadsené tkdné. Pfi zavérelné etapé
byla provedena redukéni mammaplastika pra-
vého prsu. Operaci bylo dosazeno pfirozeného
tvaru a konzistence prsu velikosti C, uspokoji-
vé symetrie a vysoké spokojenosti pacientky
(Obrézek 10). Pomoci fasciotomii byl posunut
dvorec kaudalng, stejné jako submamarni ryha.

19leta pacientka s tuberéznim
prsem vpravo Greleau lll
(pacientka ¢. 2)

Tuberdzni deformita pravého prsu byla
korigovana pomoci dvou etap lipomodelace.
Vhledem k vyssi sile podkozi a objemnéjsimu
prsnimu svalu byl objem pfenaseného tuku
pfi prvni operaci vysoky (441 ml), pfi druhé
etapé byl objem prendSené tkdané mensi,
z dlivodu nepfrekroceni velikosti levého prsu.
Podprsni ryha byla posunuta kaudalné pomoci

fasciotomii. Pfi druhé etapé lipomodelace byla
soucasné provedena i modelace levého prsu.
Bylo dosazeno vysokého stupné symetrie tvaru
a velikosti prsu (Obrazek 11). Tvar a velikost re-
konstruovaného prsu se vyraznéji neménily
ani po téhotenstvi, coz je podrobnéji zdoku-
mentovano v prislusné publikaci vztahujici se
k tomuto tématu pfiloZzené in extenso).?'

17leta pacientka s tuber6znim
prsem vlevo Greleau Il
(pacientka ¢. 3)

Pomoci dvou etap lipomodelace byl rekon-
struovan objem chybéjicich dolnich kvadrantd
prsu u pacientky s tuberézni deformitou levého
prsu (Greleau Il). Submamarni ryha byla posu-
nuta kaudalné pomoci fasciotomii. Pfi druhé
zavére¢né etapé byla provedena i modelace
pravého ptotického prsu s augmentaci vlast-
nim tukem (pfeneseno 70 ml tukové tkané
do dekoltu). Malformace byla lipomodelaci
velmi dobte korigovana a bylo dosazeno vyso-
kého stupné symetrie tvaru a velikosti prsu
(fotografie viz publikace prilozena in extenso?).

15leta pacientka s Polandovym
syndromem vpravo (pacientka ¢. 4)

Obdobné jako u pacientky ¢ 1 byla
provedena rekonstrukce pravého prsu lipo-
modelaci. Pfi prvni etapé byl doplnén objem
podkozi, tim byla maskovdna ageneze
m. pectoralis. Pfi naslednych dvou etapach
byl vytvafen objem prsu. Pfenasené objemy
byly nizsi nez u pacientky ¢ 1 vzhledem
k ten¢imu podkozi a kompletni aplazii
m. pectoralis a mlé¢né zlazy.
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Obrazek 10. Rekonstrukce prsu 14leté pacientky s Polandovym syndromem vlevo.
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Obrazek 11. Korekce tuberdzniho prsu u 19leté pacientky.
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25lety pacient s Polandovym
syndromem vpravo (pacient €. 5)

Asymetrie hrudniku u muze s Polandovym
syndromem a agenezi m. pectoralis
vpravo byla uUspésné korigovana béhem
2 etap lipomodelace s rozestupem 5 mésicl
(Obrazek 12).

Obrazek 12.
u pacienta s agenezi m. pectoralis vpravo.

Korekce asymetrie  hrudniku

22leta pacientka s vpacenym
hrudnikem a asymetrii prsou
(pacientka ¢. 6)

Technikou lipomodelace byla korigovéna
asymetrie prsou u pacientky s pectus excavatum.

Deformita hrudniku umocrovala prsni asymetrii
tim, Ze byla hrudni sténa vpravo posunuta
dorzalné v porovnani s levou stranou. Rozdilna
byla i velikost prsou (mensi vpravo). Asymetrie
byla korigovéna lipomodelaci pravého prsu
(aplikovano 200 ml tuku) a pfenesenim 45 ml
tuku do oblasti vpa¢eného hrudniku.

Diskuse

V literatufe je zdokumentovana celd fada
plasticko-chirurgickych postupl korekce vroze-
nych deformit hrudniku a vrozenych vyvojovych
vad prsu, mezi které patfi pouziti tkariovych
expandéry, silikonovych prsnich implantatd,
individudlné pripravenych implantatd, lalokové
plastiky ve formé mistnich nebo volnych laloka.
Ke korekci tuberdzni deformity prsu se pouziva
augmentace prsu silikonovym implantatem
s vnitini modelaci z13zy.”*7%° Tyto rekonstrukéni
postupy mohou byt vzajemné kombinovany.
Pouziti expandéru/implantatu u vrozenych
vad prsu a hrudniku muze byt limitované
velmi tenkou vrstvou podkozi, absenci prsniho
svalu nebo mlécné Zlazy, pfipadné atypicky
umisténou bradavkou. Implantdty je tfeba
u Vvétsiny pacientl/pacientek v pozdnéjsim
véku ménit. Mezi nevyhody lalokovych plastik
patfi jizvy a vyssi morbidita v misté odbéru,
proto jsou dnes pouzivany jako metoda
prvni volby u vrozenych vyvojovych vad prsu
okrajové. Mohou ale byt cennym néstrojem
u sekundarnich operaci v pozdéjsim véku
pacientky, kdy Ize vlastni tkani, napf. volnym
pfenosem bfiSniho laloku, nahradit chybéjici
objem po explantaci silikonové protézy.

Prvni, kdo v roce 2001 pouzil techniku lipo-
modelace k rekonstrukci prsu u 12leté pacientky
s Polandovym syndromem, byl francouzsky chi-
rurg E. Delay.? U¢innost a bezpe¢nost techniky
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byla zdokumentovana v fadé dal3ich studii.'®®'02
Obdobné se prenos tukové tkané ukazal jako
ucinny a miniinvazivni nastroj ke korekci tube-
rézni deformity prsu, a také ke korekci méné

vyjadrenych forem pectus excavatum.**3*

Technika lipomodelace ma pfi korekci vro-
zenych malformaci prsu a hrudniku nékolik
vyhod. Prs je rekonstruovan vyhradné vlastni
tkani, tedy bez implantatu. Operace pfitom neni
spojena s vétsi morbiditou v oblasti odbérového
mista, naopak liposukce je u vétsiny pacientek
vnimana spise jako jisty esteticky bonus. Rozsah
jizev je minimalni - operace je realizovana
z nékolika drobnych incizi. U tuberdzni deformity
prsu lze pomoci fasciotomii upravit deformovany
tvar prsu a posunout kaudalné podprsni ryhu.*¢2
U Polandova syndromu Ize navic stejnym
zpUsobem ménit pozici bradavky (Obrazek 10).
Rekonstruovany prs ma pfirozeny tvar
a konzistenci. V porovnani s jinymi technikami
Ize dosdhnout vyssiho stupné symetrie a pfiro-

zenéjsiho tvaru rekonstruovaného prsu.>''

To, Ze se objem prsu vytvafii pfenosem tuku
postupné v jednotlivych etapach, nemusime
povazovat u divek s vrozenymi vadami prsu
a hrudniku za nevyhodné. S korekci vady
je totiz mozné zacit dfive (od 12-14 let), kdy
jesté neni dokoncen vyvoj prsu druhé strany.
Postupnym doplfiovanim objemu lipomodelaci
Ize citlivé reagovat na rlst druhého zdravého
prsu. Pacientky v tomto véku vnimaji postupné
narlstani prsu jako prirozeny proces. Vrozené
hrudniku
s vyraznou asymetrii proto doporucujeme

malformace prsu a spojené

operovat jiz v adolescenci, aby byl co nejméné
narusen osobni a spoleCensky rozvoj divky
nebo mladé Zeny. P¥i rekonstrukci prsu pomoci
implantdtu nebo pomoci lalokovych plastik
je naopak vhodné vyckat na ustdleni velikosti
zdravého prsu.

Podminkou  rekonstrukce  vrozenych
vyvojovych vad prsu a hrudniku technikou
lipomodelace je dostatek tukové tkané
v odbérovych mistech. S vyjimkou velmi Stih-
lych jedinct je u vétSiny pacientt proveditelnd
jednostrannd korekce vady. Oboustrannd
korekce vady je méné ¢asta, pfikladem mohou
byt pacientky s oboustrannou tuberézni
deformitou prsu, anebo pacientky s vpacenym
hrudnikem, které si preji zvétSeni prsou
z kosmetickych divodi. Dle zku3enosti autora
je mozné oboustrannou korekci planovat
u pacientek, které maji dostatek tukové
tkané v mistech odbéru (BMI zpravidla nad
24). U stihlych pacientek s oboustrannym
postizenim naopak prevazuji vyhody pouziti
silikonovych implantat(. Pfipadné je mozné
kombinovat implantaty s pfenosem tuku,
pfikladem je augmentace prsou silikonovymi
implantaty s doplnénim objemu pfenosem
tuku do oblasti vpa¢eného hrudniku.

Volba operac¢ni techniky u vrozenych
vyvojovych vad prsu a hrudniku zlstava nadéle
zna¢né individualni. Casto je tfeba u jednoho
pacienta kombinovat vice rekonstrukénich
postupl. Zasadni pro vybér rekonstrukéni
techniky je pfani, resp. rozhodnuti pacienta/
pacientky, anebo rodi¢l u nezletilych pacientd,
a zkusenost plastického chirurga.
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ZAVERY

Technika lipomodelace pfedstavuje moderni
zpUsob korekce vrozenych vyvojovych vad prsu
a hrudniku.

Vyhodou metody je jeji nizkd invazivita,
minimalni mnozZstvi jizev, nizky pocet chirur-
gickych komplikaci, kratka doba hospitalizace
a rekonvalescence. U spravné indikovanych
pacientd lze Uc¢inné doplnit chybéjici objem
prsu nebo hrudniku. U tuberdzni deformi-
ty prsu Ize navic korigovat typické vyklenuti
dvorce a posouvat podprsni ryhu kaudalné,
u Polandova syndromu Ize navic ménit polohu

dvorce a bradavky.

U divek s vyraznou asymetrii hrudniku
je mozné s vyhodou zacit s rekonstrukci dive, jiz
v rané adolescenci, aby byl co nejméné narusen
osobni a spolec¢ensky rozvoj mladé Zeny.
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4. Rekonstrukce prsu lalokem
latissimus dorsi s lipomodelaci

VYCHODISKA A CILE

Rekonstrukce prsu lalokem latissimus
dorsi je jednou z nejspolehlivéjSich a také
nejstarsich metod rekonstrukce prsu. Prvni
zminka v literatufe je dostupna z roku
1896, kdy Tansini prenesl m. latissimus dorsi
ze zad na hrudnik ve formé stopkovaného
muskulokutanniho laloku.'® Lalok latissimus
dorsi viak zacal byt pouzivan ve vétsi mire
az poté, covroce 1976 Olivari popsal jeho cévni
zasobeni. Pro dalsi vyvoj byla dulezita i prace
Schneidera, ktery o rok pozdéji publikoval
praci o pouziti laloku v rekonstrukci prsu.1%+1%
Prvnim, kdo v Ceskoslovensku poprvé pouzil
lalok latissimus dorsi k rekonstrukci prsu, byl
prof. Bafinka.'”® Nevyhodou laloku latissimus
dorsi je jeho limitovany objem v porovnani
s planovanou velikosti rekonstruovaného
prsu. Proto je lalok latissimus dorsi velmi
¢asto pouzivdn v kombinaci s implantatem
tak, jak zavedl Bostwick et al.'”'%¢ | alokem
je nahrazovéna chybéjici klze, implantdtem
chybéjici objem. Pritéto rekonstrukénitechnice
se oviem kombinuji i nevyhody pouziti laloku
(morbidita, jizva na zadech) s riziky spojenymi
s pouzitim prsnich implantatd (riziko infekce,
kapsularni kontraktury a ruptury).

Objem laloku lze navysit i pokud je
m. latissimus vypreparovan vcetné pfilehlych
tkani ze zad. Hokin v roce 1983 a Marschal
v roce 1984 tak navysili objem laloku o lumbalni
fascii.'®®'"® Germann v roce 1996 a Delay
v roce 1998 zdokumentovali své zkusenosti
s navysenim objemu laloku o pfilehlé tukové
zoény ulozené pod povrchovou fascii skapularné
a paraskapularné™"? Delay tyto tukové zény
nasledné popsal anatomicky', a také je autorem
Cisté autologni techniky rekonstrukce prsu
zaloZzené na kombinaci extendovaného laloku
latissimus dorsi s posuvnym bfisnim lalokem,
¢imz dale posunul moznosti této techniky
ve smyslu navyseni rekonstruovaného objemu."

V poslednich letech se ukazalo, ze technika
fat graftingu je cennym nastrojem v rekon-
strukeni plastické chirurgii prsu. Sinna et al.
v roce 2010 prokdzali na souboru 200 pacientek,
Ze lipomodelace zlepsuje vysledky po rekon-
strukci prsu lalokem latissimus dorsi doplnénim
objemu a domodelovani tvaru.'*¢" A nakonec
v roce 2014 byla publikovana prace italskych
kolegl (Santaneli et al), ktefi dale navysili
objem laloku latissimus dorsi aplikaci tukové
tkané do podkozi kozniho ostrova laloku.™
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Cilem prace bylo pfedstavit novy koncept
Cisté autologni rekonstrukce prsu lalokem
latissimus dorsi kombinovanym s pfenosem
tukové tkané do m. pectoralis a m. latissimus
dorsi, a poukazat na potencidl této strategie
stran navyseni objemu rekonstruovaného
prsu a stran snizeni poctu naslednych etap
fat graftingu.

PACIENTI A METODY

Od dubna 2013 do unora 2016 bylo
na Klinice plastické a estetické chirurgie FN u sv.
Anny v Brné provedeno 14 jednostrannych
rekonstrukci lalokem latissimus dorsi kombino-
vanych s pfenosem tukové tkané do m. pectoralis
a m. latissimus dorsi. Tato rekonstrukéni technika

byla metodou volby u pacientek:

« U kterych byla planovana vysledna
velikost prsu do velikosti C,

« u kterych byla kontraindikovana
rekonstrukce implantatem, anebo
tuto moznost odmitaly,

Obrazek 13.

« u kterych byla kontraindikovéana
rekonstrukce mikrochirurgickym
pfenosem bfisniho laloku, anebo tuto
moznost odmitaly napft. z divodu

jizvy na bfise.

Odbér laloku byl zakreslen u pacientky
v sedé s nasazenou podprsenkou tak,
aby vysledna jizva na zddech po odbéru la-
loku mohla byt prekryta lemem podprsenky.
Soucasné byl zakreslen rozsah laloku rozsifeny
o prilehlé tukové zény (Obrazek 13). Déle
byly zakresleny oblasti planovaného odbéru
tukové tkané liposukci. Preferovanymi mistem
pro odbér tukové tkané bylo bficho a vnitini
stehna z divodd mensiho poctu polohovani
pfi operaci. Naopak jsme se vyvarovali odbéru
z bokli z davodu potencionélniho rizika
poruchy prokrveni kéize zad v misté odbéru
laloku. U Zen s dobrou laxicitou kiiZze na hrudi
pod jizvou po mastektomii byl naplanovan
a zakreslen posuvny bfisni lalok.

Lalok byl preparovan v prvni fazi operaci
v poloze pacientky na boku soucasné s nad-
zvednutim mastektomickych lalokd a vyprepa-

UlozZeni kozniho ostrova laloku do lemu podprsenky pfi predopera¢nim planovani
a vysledna jizva na zédech po odbéru laloku.
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rovanim kapsy pro umisténi lalokd. Lalok byl
preparovan vcetné tukovych zon modifikovanou
technikou dle Delaye s ponechanim supra-
iliakalni tukové zény. V oblasti axily byl
m. latissimus dorsi subtotalné prerusen, zacho-
van byl pouze tenky prouzek svalu (max. 1x1cm)
jako ochrany stopky laloku proti nataZeni.
Motoricky nerv (n. thoracodorsalis) jsme ne-
prerusovali. Lalok byl transponovan na predni
stranu hrudniku do vypreparované kapsy. Od-
bérové misto bylo uzavieno primarné pfimou
suturou. Dalsi etapa byla realizovéna v poloze
pacientky na zadech, v indikovanych pfipadech
byl vypreparovan posuvny bfisni lalok a byla
vytvorena nova podprsni ryha. Soucasné byl
po predchozi infiltraci tumescen¢nim roztokem

e | Vek [ BMI AAF Foﬂzw-
[let]  [kg/m?] [mésice]

1 44 211 ano ne 34

5 50 | 287 ne ne 29

3 53 23,4 ano  ano 25

4 41 204  ano | ano 25

s 53 206 ne ne 25

6 43 24,2  ano @ ano 22

7 59 21,9 ano  ne 22

3 63 275 ne ne 15

9 44 376 ne ne 11

10 34 249 ano ano 9

11 35 23,7 ne ano 8

12 52 208  ano  ano 5

= 64 26,6 ne  ano 4

14 40 23,5 ano ne 3

15 58 272 ano ano 3

Mean | 49,2 24,6 352 21;52 16

proveden odbér tukové tkané z oblasti bricha
nebo vnitfnich stehen. Pouzita technika od-
béru a zpracovani tukové tkané je popsana
v Kapitolach 1.4a 1.5.

Tukovd tkan byla aplikovdna pomoci
specidlnich kanyl mezi svalova vldkna trans-
verzalné i longitudindlné pod vizualni kont-
rolou, postupné od hlubokych vrstev svalu
k povrchovym. Prenesenim tukové tkané
se navysil objem sval(, prsni sval tak ziskal
napadné vypoukly tvar. U 11 pacientek bylo
srozestupem minimalné tiimésicl provedeno
doplnéni objemu prsu prenosem tukové
tkané. S odstupem 3-6 mésicll od operace
byly pacientky vysetreny ultrazvukem.

Objem prenaseného Nasledné etapy

tuku [ml] lipomodelace
Celkem PM  LTD Focet Oblem s fmd
etap l.etapa Il. etapa
50 30 20 2 288 72
50 50 0 1 190
50 50 0 1 255
60 30 30 2 200 165
80 80 0 1 140
20 40 50 2 205 130
60 30 30 1 135
80 40 40 2 130 225
160 110 50 0
120 60 60 1 150
155 120 35 0
40 40 0 1 110
130 100 30 0
80 30 55 1 210
130 130 0 1 205
89,0 61,9 26,4 1

Tabulka 5. Soubor pacientl a objemy pfendseného tuku v jednotlivych etapéch.

RT:  adjuvantni radioterapie po mastektomii,
AAF: pouziti posuvného bfisniho laloku,

PM:  m. pectoralis major,
LTD: m. latissimus dorsi.
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VYSLEDKY

Od dubna 2013 do unora 2016 bylo na nasem
pracovisti provedeno 14 jednostrannych rekon-
strukci lalokem latissimus dorsi kombinova-
nych s pfenosem tukové tkané do m. pectoralis
am. latissimus dorsi. Priimérny vék pacientek byl

48,2 let (34-64 let), primérny BMI (body mass
index) byl 24,6 kg/m2 (20,4-37,6 kg/m2). U 7 paci-
entek byl pouzit posuvny bfisni lalok k nahrazeni
chybéjici kiize v dolnich kvadrantech prsu.

Priimérny objem prenasené tkané byl 86,4 ml
(50-160 ml), pficemz objemy prenaseného tuku

Obrazek 14.

Rekonstrukce prsu lalokem latissimus dorsi a lipomodelaci.

43letd pacientka po modifikované radikédlni mastektomii levého prsu s exenteraci axily po prodélané
adjuvantni radioterapii. V prvni fazi byla provedena rekonstrukce prsu lalokem latissimus dorsi v kombinaci
s posuvnym bfisnim lalokem a pfenosem 90 ml tuku (pacientka ¢. 6 v Tabulce 5). Nasledovaly dvé etapy
lipomodelace, pfi kterych bylo aplikovano 205 ml a 130 ml tuku. Vysledek po rekonstrukci bradavky

modifikovanou technikou arrow flap a tetovazi dvorce.
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do m. pectoralis byly postupné navysovany az na
130 ml (Tabulka 5).

Nejcastéjsi pooperacni komplikaci byl
sérom v oblasti zad po odbéru laloku (57,1 %).
U dvou pacientek bylo tfeba revizni operace
pro hematom v oblasti odbérového mista
na zadech ¢asné po operaci. Nebyly pozoro-
vany zadné chirurgické komplikace spojené
s prenosem tukové tkané v oblasti donorské-
ho ani recipientniho mista.

U 7 pacientek byla indikovéna s minimalnim
rozestupem tfi mésicll jedna doplnkova etapa
lipomodelace za ucelem doplnéni chybéjiciho
objemu a dosazeni pozadované velikosti prsu,
u 4 pacientek byly provedeny nasledné 2 etapy.
Zjistili jsme, Ze vy33i objemy prendseného
tuku pfi rekonstrukci prsu lalokem latissimus
dorsi koreluji s nizSim poctem doplnikovych
lipomodelaci. U 4 pacientek byla provedena
mastopexe nebo redukéni mammaplastika
zdravého prsu z dlivodl asymetrie zpUsobené
ptézou nebo relativni hypertrofii 3-6 mésicd
od zavérecné etapy lipomodelace.

Deset pacientek se dostavilo na planované
vysetreni ultrazvukem. Vyhodnocovali jsme
pocet a velikost olejovych cyst, resp. olejo-
vych liponekrotickych pseudocyst, a tukovych
nekréz separatné vzdy pro svalovou vrstvu
slozenou m. pectoralis a m. latissimus, a pro
vrstvu podkozi. Pocet a velikost téchto utvar(
byla signifikantné nizsi ve svalovych vrstvach.
Soucasné jsme méfili maximalni tloustku
jednotlivych vrstev a také maximalni tloustku
obou vrstev dohromady. Tloustka svalové
vrstvy se navysovala i po doplikovych etapach
lipomodelace. Vysledny objem prsu byl tvoren
prevazné objemem svalové vrstvy, pro kterou
byl charakteristicky sonograficky nalez homo-

genni svalové tkané s lipomatdzni prestavbou.

Fotografie demonstrujici vysledek jedné
z rekonstrukci prsu lalokem latissimus dorsi
kombinovanych s pfenosem tukové tkané
do m. pectoralis a m. latissimus dorsi jsou
na Obrazku 14. Vysledky jsou detailné&ji popsany
v pfislusné publikaci pfilozené in extenso, kde
jsou k nahlédnuti i dalsi z fotografii.

Diskuse

Rekonstrukce prsu po mastektomii je dnes
povazovana za nedilnou soucédst komplexni
onkologické [é¢by karcinomu prsu. Napomdaha
obnové fyzické a psychologické integrity
a vyznamné zlepsuje kvalitu Zivota zen.>' Vybér
rekonstrukéni techniky je multifaktorialni roz-
hodnuti vychazejici z pfani pacientky, jejiho
véku, pfidruzenych onemocnéni a typu postavy.
Volba rekonstrukéni techniky je znacné ovliv-
néna i tim, zda Zena po mastektomii podstou-
pila adjuvantni radioterapii, dale velikosti prsu
na druhé strané, a v neposledni fadé zkusenosti

chirurga a moznostmi pracovisté.

Rekonstrukce prsu zalozené na pouziti
silikonovych prsnich implantatd jsou spojeny
zpravidla s nizkou morbiditou v oblasti
odbérového mista. S pouzitim implantatu
je ale spojené riziko infekénich komplikaci,
extruze nebo ruptury implantatu a kapsularni
kontraktury, a také recentné popisovana
asociace se vznikem lymfomu (anaplastic
large-cell lymphoma - ALCL)."®

K rekonstrukci prsou vyhradné vlast-
ni tkdni se nejcastéji pouzivaji bfisni laloky
a m. latissimus dorsi, pficemz volné bfisni
laloky (napt. DIEP nebo MS-TRAM lalok) jsou
nékterymi autory povazovany za zlaty stan-
dard autologni rekonstrukce prsou. Na nasem
pracovisti bylo v poslednich 5 letech ro¢né
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provadéno priblizné 110-130 téchto rekon-
strukci prsou, coz predstavuje priblizné 80 %
autolognich rekonstrukci prsou.”® Rekon-
strukce prsu lalokem latissimus dorsi je metoda
volby u pacientek, které nejsou vhodnymi
kandidatkami k rekonstrukci prsou bfisnimi
laloky, anebo u pacientek, které si nepreji mit
jizvu na bfise nebo nechtéji podstoupit delsi
mikrochirurgicky vykon s rizikem ztraty lalo-
ku. Rekonstrukce prsu lalokem latissimus dorsi
predstavuje na nasem pracovisti cca 10 % auto-
lognich rekonstrukci prsu.

Nevyhodou laloku latissimus dorsi je jeho
limitovany objem ve srovnani s planovanou
velikosti rekonstruovaného prsu. Santaneli
et al. recentné popsali techniku navyseni jeho
objemu aplikaci tukové tkdané do podkozi
kozniho ostrova laloku, kdy primérny objem
pfenesené tukové tkané byl 101 ml. Za limitaci
jejich prace Ize povazovat zna¢nou velikost
koznich ostrovl, jejichz prdmérna velikost
byla 19,7 x 11,0 cm."® Dle naSich zkuSenosti
je tato velikost kozniho ostrova casto spo-
jena s viditelnou defiguraci odbérového
mista. Z tohoto dlvodu doporucujeme mini-
malizovat velikost koZniho ostrova. Maximalni
velikost kozniho ostrova v nasi studii byla
do velikosti 6 x 14 cm.

V uvedené studii jsme navysovali rekon-
strukéni objem prenosem tukové tkdné do
m. latisimus dorsi, a také do m. pectoralis major.
Objem prenaseného tuku jsme postupné na-
vySovali az na 60 ml do m. latissimus dorsi a na
130 ml do m. pectoralis. Zjistili jsme, Ze kapacita
m. pectoralis pfijmout objem tukové tkané
je cca 2x vyssi nez u m. latissimus dorsi, coz
muzeme vysvétlit rozdilnou tloustkou téchto
svalll a také tim, ze neni m. pectoralis odpojen
od hrudni stény. Pfi aplikaci se tedy nedefor-
muje jeho tvar, Ize tak snaze a presnéji apliko-

vat tuk po vrstvach. Naopak pfi aplikaci do m.
latissimus dorsi je tieba respektovat pribéh
cévni stopky laloku a vyvarovat se aplikace
tuku do jejiho okoli. Proto doporucujeme
tuk aplikovat pouze do m. pectoralis, pokud
potfeba navyseni objemu rekonstruovaného
prsu neni vétsi nez 120-130 ml.

Pomoci ultrazvukového vysetfeni jsme
potvrdili, Ze je svalova tkan vhodnou recipi-
entni tkani pro prfenesenou tukovou tkan.
Cetnost a velikost tukovych nekréz, resp. lipo-
nekrotickych pseudocyst byla velmi nizka
ve svalovych vrstvach rekonstruovaného prsu
i u pacientek, které podstoupily k navyseni
vysledného objemu doplikové nasledné etapy
lipomodelace. Pfisuzujeme to dobrému pro-
krveni svalové tkané obklopujici prenesenou
tukovou tkan. Vyssi ¢etnost téchto utvard jsme
naopak pozorovali v podkoZzi.

Pficné pruhovany sval lze povazovat
za vhodnou pfijmovou tkan pro pfenos tuku.
Adipocyty se v ni vyskytuji pfirozené'?’. Obsah
tukové tkané ve svalu se navysuje u vékem
podminéné atrofie svall, anebo pfi paré-
zach™', Pfenos tukové tkané do svalu lze tedy
chapat spise jako navyseni obsahu tukovych
bunék nez jako pfenos tkané, kterd do svalu
a priori nepatfi.

Na zakladé nasich zkusenosti lze pred-
pokladat, Zze je mozné jesté mirné navysit
objemy prenaseného tuku na 140-160 ml do
m. pectoralis a 60-70 ml tuku do m. latissimus
dorsi. Podminkou je dostate¢nd tloustka
recipientnich sval(. Pfi pfendseni vyssich
objeml bychom jiz ocekdavali komplikace
spojené s nepiihojenim prenesené tukové
tkané. Techniku nedoporucujeme u velmi
stihlych pacientek s BMI pod 20 kg/m?,
u kterych lIze predpokladat velmi malou
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tloustku svall a také nedostatek tukové

tkané v mistech odbéru.

Limitaci nasi studie je retrospektivnost
a absence kontrolni skupiny. Zavéry z ni
vyplyvajici je tieba potvrdit v prospektivni
klinické studii.

ZAVERY

Nas novy koncept cisté autologni rekon-
strukce prsu lalokem latissimus dorsi kombinova-
nym s pfenosem tukové tkané do m. pectoralis
a m. latissimus dorsi je bezpecnou a spolehlivou
metodou, umoznujici navysit objem rekonstruo-
vaného prsu. Lze tak predpokladat snizeni poctu
doplikovych naslednych etap lipomodelaci,
které jinak po cisté autologni rekonstrukci prsu
lalokem latissimus dorsi ¢asto nasleduji. Prokaza-
li jsme, Ze pficné pruhované svaly m. pectoralis
a m. latissimus dorsi jsou vhodnymi pfijemci
tukové tkané.
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5. Rekonstrukce prsu po mastektomii
technikou lipomodelace

VYCHODISKA A CILE

Nejcastéji pouzivané metody rekonstruk-
ce prsu po mastektomii silikonovymi implan-
taty a pomoci lalokovych plastik maji své
nevyhody. Nevyhodou silikonovych implanta-
tl je napt. riziko vzniku kapsuldrni kontraktury
a ruptury implantatu, vyzadujicich sekundar-
ni operace béhem dalsiho Zivota Zeny. Hlavni
nevyhodou lalokovych plastiky je pfidruzena
morbidita v oblasti odbérového mista.

Rekonstrukce prsu lipomodelaci je naopak
spojena s minimalni morbiditou pfi pouzZi-
ti télu vlastnich tkani?® Maximalni mnoz-
stvi pfenesené tukové tkané je ale limitova-
no objemem pfijmovych tkani, ktery neni
po mastektomii veliky. Proto je tfeba pfi
rekonstrukci prsu technikou lipomodelace po-
stupovat etapovité. Objem mékkych tkani Ize
pfed operaci navySovat pomoci zevni tkariové
expanze BRAVA™, coz se zda byt perspektivni

zejména pii sekundarni rekonstrukci prsu.3122

Cilem kapitoly je predstavit zkuSenosti
autora a jeho spolupracovnikl s rekonstrukci
prsu zalozené na technice pfenosu tuku. Vy-
sledky jsou prezentovany formou vybranych
kazuistik, které navazuji na dfive publikované

prace autora.

PACIENTI A METODY

Do souboru bylo od srpna 2012 do listopadu
2017 zafazeno 10 pacientek, u kterych byla
lipomodelace pouzita jako hlavni operacni
technika rekonstrukce prsu.

Pacientky byly pouceny ustné a formou
pisemného informovaného souhlasu o zakroku,
pooperacni péci, moznych komplikacich a o tom,
ze bude vysledku dosazeno v nékolika etapach,
jejichz pocet byl odhadnut operatérem podle
predoperacniho nalezu.

Pouzitd operacni technika odbéru, zpraco-
vani a aplikace tuku je popsana v Kapitolach 1.4,
1.5 a 1.6. Operace se zacind zpravidla odbérem
tukové tkané, u sekundarni rekonstrukce prsu
je to pravidlem. V piipadé okamzité rekonstruk-
ce je vhodné planovat odbér z bficha nebo
vnitfnich stehen, ktery Ize snadno realizovat
v poloze pacientky na zddech bez polohovani.
Operaci je pak mozné zahajit mastektomii, a az
nasledné provést odbér. Snizuje se tim délka
ischemie tukového Stépu.

Specifické pro sekundarni rekonstrukci
prsu prenosem tuku je umisténi jehlovych
incizi pro aplikaci tuku. S vyhodou se umistuji
do stavajicich jizev, pfipadné do podprsni
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ryhy. Aplikuje se nejprve do hlubokych
vrstev, tedy do m. pectoralis, pak povrchové
do podkozi mastektomickych laloku. Kli¢cové
je preruseni jizevnatych a fibrotickych pruh
v podkozi, které by jinak zamezovaly expanzi
kGze. Pouzivaji se k tomu fasciotomie,

provadéji se  perkutanné  krouzivymi
pohyby pomoci silné jehly nebo trokaru
s ostrou 3pickou (G17-G23). U pacientek,
které po mastektomii podstoupily adjuvantni
radioterapii, aplikujeme podle tloustky
podkozi mensi objemy tuku, protoze kize
po radioterapii ma mensi kapacitu pfijmout
objem tukové tkané nez neozdfena zdrava

tkan (viz nize v diskusi).

Subkutanni nebo kuizi Setfici mastektomie
s okamzitou rekonstrukci prsu je kombinovany
vykon. Profylaktickou mastektomii prova-
di zpravidla plasticky chirurg, terapeutickou
mastektomii onkochirurg. Radikalita vyko-
nu, resp. tloustka mastektomickych lalokd

se nelisi od jinych rekonstrukénich technik.

i

Obrazek 15.

V pripadé subkutanni mastektomie s pexi
muze byt vyziva bradavky zajisténa na horni,
dolni, horni i dolni (McKissock), pripadné
na superomedialni stopce podle stupné prsni
ptézy, umisténi stdvajicich jizev na prsu
a zkusenosti plastického chirurga. U pacientek
s hypertrofii prsu je mozné vyuzit nadbytek
klGze, tedy ponechat kaudalné stopkovany
a dekortikovany mastektomicky lalok, a vyuzit
ho k rekonstrukci ¢asti objemu.

Rekonstrukéni ¢ast operace spociva v apli-
kaci tukové tkdné do m. pectoralis major. Pou-
Zivaji se specidlni kanyly a tuk se aplikuje mezi
svalova vldkna transverzalné i longitudinalné,
a to postupné od hlubokych vrstev svalu
k povrchovym. Pfenesenim tukové tkané
se navysuje objem, prsni sval ziskdvad ndpadné
vypoukly tvar (Obrazek 15). Po skonéeni apli-
kace je mozné pomoci fixacnich stehi zmode-
lovat do spravného postaveni kaudalné stop-
kovany mastektomicky lalok a dale tak navysit
objem rekonstruovaného prsu.

M. pectoralis major po aplikaci tuku ziskava napadné vypouleny tvar - ,autoprotéza”.

Rekonstrukce prsu po mastektomii technikou lipomodelace 50



Do prostoru mezi m. pectoralis a mastek- V/YSLEDKY

tomické laloky vkldadame Redonovy drény.

Nepouzivame kompresivni bandaz hrudniku.

Do souboru byly od srpna 2012 do listopadu

2017 zafazeny:

Vsechny pacientky byly fotografovany
ve standardizovanych projekcich pfed opera-
ci a pfi kontrolnich pooperacnich vysetienich.
Pacientky byly vysetfeny sonograficky pred
prvni etapou, 2-3 tydny pred druhou a dalsi
etapou lipomodelace, a také cca 6 mésicl

po zavérecné etapé lipomodelace.

Objem aplikovaného tuku
& Vek Strana o€t  vjednotilvych etapach [ml]
etap
| 1l 11 1\ \' Vi

Sekundarni rekonstrukce prsu lipomodelaci
1 44  vlevo 4 170 210 140 300
2 31  vlevo 6 150 160 120 200 150 200

3 48 vpravo 3 300 230 190
vlevo 336 270 190

4 61 vlevo 4 150 200 230 225

4 pacientky po mastektomii, u kterych
byla k sekundarni rekonstrukci prsu
pouzita lipomodelace jako hlavni

operacni technika,

6 pacientek indikovanych k profy-
laktické mastektomii, u kterych byla
pfenosem tuku realizovana okamzita

rekonstrukce prsu.

TN* nebo
OLP**nad  Vysledna velikost prsu (poznamka)
20 mm
ne B (st.p. RT)
ne B (tenka kuze, st.p. RT)

TN* 2x po I. et | C (silné podkozi, bez RT, st.p. SSM)
(exstirpace)

TN* 1x po l. et ' C (silné podkoZzi, bez RT, st.p. SSM)
(exstirpace)

ne C (silné podkozi, bez RT, st.p. SSM)

Profylakticka subkutanni nebo kdzi Setfici mastektomie a okamzita rekonstrukce prsu lipomodelaci

5 45  vlevo 3 135 240 212
6 53  vlevo 3 120 150 175
7 38 vlevo 1 130

8 52 vpravo 1 110

vlevo 110

9 39 vpravo 1 170
vlevo 170

10 54 vpravo 2 140 170

TN = tukova nekrdza
OLP = olejova liponekroticka pseudocysta
B- (SCM = subkutanni mastektomie)

ne A (SCM)

ne B (SCM s pexi [McKissock])

ne B (SCM s pexi [horni stopka] + DLMF)
OLP**1x B (SSM + DLMF)
(punkce)

ne B (SSM + DLMF)

ne B (SSM + DLMF)

ne B (SSM + DLMF)

ne B+ (SSM + DLMF)

DLMF = deepithelialized lower mastectomy flap — deelitelizovany kaudalni mastektomicky lalok

Tabulka 6. Objemy prenasené tukové tkané v jednotlivych etapach.
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Primérny vék pacientd byl 464 let
(31-61 let), prdmérny pocet etap fat graftingu
byl pfi sekundarni rekonstrukci prsou 4,6 (3-6),
u pacientek po okamzité rekonstrukci prsou
1,8 (1-3). V Tabulce 6 jsou uvedeny objemy
pfenaseného tuku v jednotlivych etapach
a vysledné velikosti prsou. Na Obrazcich 16 a 17
jsou pfiklady vysledk( rekonstrukce prsu.

U jedné pacientky po sekundarni rekon-
strukci prsu (pacientka ¢. 3) bylo tieba pred
2. etapou lipomodelace exstirpovat loziska
tukové nekrozy (dvé z pravého prsu velikosti
47 x 7 mm a 35 x 8 mm, jedno z levého prsu
velikosti 35 x 11 mm). Exstirpace byla pro-

vedena ambulantné v lokalni anestézii, bylo
provedeno histologické vysetfeni, které po-
tvrdilo, ze se jedna o tukové nekrézy. U jedné
pacientky po okamzité rekonstrukci (paci-
entka ¢. 8) bylo sanovano izolované lozisko
liponekrotické pseudocysty vel. 2 x 3 cm
punkci. U ostatnich pacientek nebyla sono-
graficky detekovana loziska tukovych nekréz,
resp. loziska liponekrotickych pseudocyst veli-
kosti nad 15 mm.

Nebyly pozorovany jiné chirurgické
komplikace s vyjimkou mensi nerovnosti
na vnitinich stehnech vzniklé po odbéru
u jedné pacientky.

Obrazek 16.

Rekonstrukce prsu po mastektomii lipomodelaci.

48letd pacientka (¢. 3) 2 roky po oboustranné kuzi Setfici mastektomii (vpravo byla mastektomie
alternativou adjuvantni radioterapie po parcialni mastektomii, vlevo profylakticky na prani pacientky).
Pacientka odmitla rekonstrukci prsou bfisnimi laloky i rekonstrukci implantaty. Na fotografii vpravo
je pacientka 11 mésicli po rekonstrukci bradavky modifikaci techniky arrow flap a rekonstrukci dvorce
prenosem kozniho $tépu v pIné tloustce z vnitini strany stehen.
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Obrazek 17.
a deepitelizovanymi kaudalnimi mastektomickymi laloky.

T esa o R

o = - |
A

Profylaktickd k0zi 3Setfici mastektomie s okamzZitou rekonstrukci prsou lipomodelaci

52letd pacientka (¢. 8) s mutaci v genu BRCA 1 s vyraznou hypertrofii prsou indikovand k profylaktické kazi
Setfici mastektomii. Rekonstrukce prsou bfisnimilaloky nebyla proveditelna pro jizvy na btise po revizi bficha
pro krvaceni po predchozi adnexektomii. Vysledek 24 mésicl po profylaktické kizi Setfici mastektomii
s okamzitou rekonstrukci prsou lipomodelaci a deepitelizovanymi kaudalnimi mastektomickymi laloky.
Dvorce byly imitovany tetovazi, bradavky rekonstruovany nebyly vzhledem k vysokému riziku keloidniho

hojeni. Vysledna velikost prsu B.
Diskuse

Rekonstrukce prsu po mastektomii je dnes
povazovdna za nedilnou soucast komplex-
ni onkologické 1é¢by karcinomu prsu. Napo-
maha obnové fyzické a psychické integrity
avyznamné zlepsuje kvalitu Zivota zen.' Vybér
rekonstrukéni techniky je multifaktoridlni roz-
hodnuti. Operacni techniku vybirame zejména
podle toho, zda se jednd o jednostrannou
nebo oboustrannou rekonstrukci, a podle
toho, zda byla pacientka po mastektomii
ozafovana. Volba operacni techniky je zna¢né
ovlivnéna i pozadavkem na velikost rekon-
struovaného prsu, kterou planujeme tak, aby
odpovidala postavé. Soucasné respektujeme

velikost prsu zdravé strany a pfani pacientky.
Volba rekonstrukéni techniky je znacné ovliv-
néna i vékem pacientky a anamnézou. Mezi
rizikové faktory patfi kromé pridruzenych
onemocnéni koufeni, hluboka zilni trombdza
nebo plicni embolie v anamnéze, a nakonec
BMI nad 30.

Vyhodou rekonstrukce prsu pomoci siliko-
novych implantatd je mensi ¢asova naro¢nost
operace v porovnani s jinymi technikami.
Pokud neni tfeba nahrazovat chybéjici kizi
lalokovou plastikou, tak neni spojena s Zadnou
morbiditou v misté odbérového mista.
S pouzitim implantdtu je ale spojené riziko
infek¢nich komplikaci, extruze nebo ruptury
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implantdtu a kapsularni kontraktury, a také
recentné popisovana asociace se vznikem lym-
fomu (anaplastic large-cell lymphoma - ALCL)."¢
Pro tyto komplikace je tfeba prsni implantaty
casto ménit, a to ve vyssim véku pacientky, kdy

muze byt celkova anestézie rizikovéjsi.

K rekonstrukci prsou vyhradné vlastni tkani
se nejcasté&ji pouzivaji bfisni laloky a m. latissimus
dorsi. Nevyhodou lalokovych plastik je vétsi roz-
sah vykonu, resp. morbidita spojena s odbérem
laloku. Prsy rekonstruované vlastni tkani maji ale
pfirozenéjsi konzistenci a zcela odpada nutnost
vymeén implantatg.

Nizkd invazivita pfi pouziti vlastnich tkani
déla z lipomodelace atraktivni nastroj pro rekon-
strukci prsu. Hlavni nevyhodou je limitovana
kapacita pfijmout tuk, a tim souvisejici etapo-
vost této rekonstrukéni techniky.

Kdze mastektomickych lalokli obsahuje
v rlizném mnozstvi jizevnatou tkan, anebo mize
byt i fibrézné zménéna po adjuvantni radiote-
rapii. Vaskularita takto zménéné kuize je mensi.
Stépu. Pokud se kapacita prekroci, neumérné
se navysuje riziko nepfihojeni tuku a vzniku
tukovych nekréz, resp. liponekrotickych pseu-
docyst. Vyskyt tukovych nekréz u referované
pacientky €. 3 si vysvétlujeme pravé prekroce-
nim kapacity tkani pfijmout tukovy $tép. Proto
u pacientek po mastektomii doporucujeme
aplikovat v prvnich rekonstrukénich etapach
mensi objemy tuku. Klicové je také prerudeni
jizevnatych a fibrotickych pruht v podkozi, které
by jinak zamezovaly expanzi kize a mohly
vytvaret vnitfni tlak tkani na tukovy S$tép, coz

mUize byt spojeno s vyssi resorpci tukového stépu.

S kapacitou pfijeti tukového S$tépu sou-
visi otdzka, jaké maximalni velikosti prsu lze

pomoci prenosu tuku docilit pfi jesté rozum-
ném poctu rekonstrukénich etap. Na tuto
otdzku neexistuji v dostupné literatufe jasné
odpovédi. Dle nazoru autora by k sekundarni
rekonstrukci prsu lipomodelaci nemély byt
indikovany pacientky, u kterych je jiz pred prvni
etapou evidentni, Ze k dosazeni pozadovaného
objemu prsu nebudou stacit ¢tyii rekonstrukeni
etapy. Prikladem, kdy neni mozné pfi Ctyfech
rekonstrukénich etapach garantovat dosazeni
velikosti B, jsou pacientky s tenkym podkozim
mastektomickych lalokd, zejména pokud maji
po adjuvantni radioterapii. Anebo pacient-
ky po selhani jinych rekonstrukénich technik.
Naopak vhodnymi kandidatkami pro sekundar-
ni rekonstrukci mohou byt Zeny, u kterych byla
pfi mastektomii ponechdna klze v nadbytku
(Obrézek 16).

Objem pfijmové oblasti pred sekundar-
ni rekonstrukci prsu je mozné navysit pouzi-
tim systému zevni tkanové expanze BRAVA™,
jehoz princip a zplsob pouziti byl podrob-
né popsan v Kapitole 1.6. Podtlak vytvari
edém mékkych tkani, stimuluje angiogenezu.
Navysuje se tak kapacita pfijmovych tkani pro
pfihojeni tukového 3tépu.b’3** K dosazeni
pozadované velikosti prsou pak miize byt po-
tfeba mensiho poctu operaci. Néktefi autofi
pouzivaji systém BRAVA™ i v rdmci casného
pooperacniho obdobi z dlivodu snizeni vnitf-
niho tlaku na tukovy $tép. Ze stejného divodu
se nedoporucuje v pooperacnim obdobi pou-
Zivat elastickou bandaz hrudniku. V CR neni
systém BRAVA™ hrazen ze zdravotniho pojis-
téni. V prezentovaném souboru pacient(i proto
nebyla BRAVA™ pouzita.

U okamzité rekonstrukce by dle mého
nazoru nemély byt primarné planovany vice
nez tfi rekonstrukéni etapy vcéetné té, kterd
se provadi spole¢né s mastektomii. U vétsiny
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pacientek tak Ize dle nasich zkusenosti dosah-
nout béhem tfi etap velikost B (eventualné
B-) i bez ponechani kaudalné stopkovaného
mastektomického laloku. U pacientek s hyper-
trofickymi prsy, u kterych je mozné pfi mas-
tektomii pouzit deepitelizovany kaudalni
mastektomicky lalok k ¢aste¢né rekonstrukci
objemu, je velikost B (eventudlné B-) dosazitelna

jiz pfi prvni etapé.

U pacientek po profylaktické subkutanni
nebo kUzi Setfici mastektomii s primarni rekon-
strukci prenosem tuku jsme nepozorovali
poruchy nebo dehiscence ran, ani poruchy
prokrveni bradavky v pfipadé subkutannich
mastektomii s pexi. To Ize vysvétlit tim, ze je pri-
marné rekonstruovana pouze ¢ast objemu (dalsi
objem se rekonstruuje v naslednych etapach).
Je tak minimalni vnitini tah na mastektomické

laloky, resp. na suturu.

Rekonstrukci prsu lipomodelaci je mozné
indikovat u spolupracujicich pacientek, které
maji dostatek tukové tkané v odbérovych par-
tiich a které maji soucasné realistické predstavy
o vysledné velikosti prsu. V téchto pripadech
je dle mého nazoru na misté doporucit jinou
operacni techniku nebo techniku lipomodelace
kombinovat s jinou rekonstrukéni technikou.

ZAVERY

Rekonstrukce prsu po mastektomii tech-
nikou lipomodelace predstavuje u dobfe
indikovanych pacientek plnohodnotnou alter-
nativu k rekonstrukci prsu implantaty nebo
lalokovymi plastikami. Nespornou vyhodou
je minimalni invazivita.

Vhodnymi kandidatkami pro sekundarni
rekonstrukci prsu jsou pacientky, u kterych byla

pfi mastektomii ponechana klze v nadbytku
(skin sparing). Vzhledem k relativné vysokému
poctu rekonstrukénich etap zatim nadale
prevladaji u vétsiny pacientek vyhody jinych
rekonstrukénich technik. K odliSnym zavérdm
lze dojit v budoucnosti pfi vyuziti zevni

tkanové expanze (BRAVA™).

Pfenos tuku se naopak ukazuje jako
velmi perspektivni pfi okamzité rekonstrukci
prsu technikou lipomodelace. Metoda muze
byt optimalni rekonstrukéni technikou pro
pacientky s malymi prsy. Pfrenos tuku je i
zakladem unikatniho rekonstrukéniho postupu,
kdy je objem rekonstruovaného prsu tvoren
jednak tukem prenesenym do m. pectoralis
major, a pak deepitelizovanym kaudalnim
mastektomickym lalokem. Metoda je tedy
vhodna pro pacientky s hypertrofickymi prsy.
Tato strategie okamzité rekonstrukce prsu
muze ve vybranych indikacich v budoucnu
nahradit jiné rekonstrukéni techniky.

Nase zavéry je tfeba potvrdit na vétsim
poctu operovanych pacientek.
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V blizké budoucnosti neni pravdépodobné, Ze by se technika vysokoobjemového pfenosu
tukové tkané, resp. technika lipomodelace prsu, zménila v zakladnich principech. Prostor
pro inovace lze vidét zejména ve zefektiviiovani procesu odbéru a zpracovani tukové tkané
pro fat grafting. Pravdépodobné budou tedy castéji pouzivany infiltra¢ni pumpy urychlujici
napousténi odbérovych mist tumescentnim roztokem. Chirurgové budou castéji nahrazovat
ru¢ni odbér do stfikacek automatizovanym odbérem do sbérnych nadob, ve kterych lIze
lipoaspirat zpracovat bez dalSich manipulaci a prfepousténi. Na zakladé novych poznatkl Ize
ocekavat, Zze moderni systémy na zpracovani tuku budou zaloZeny na principu centrifugace
nebo filtrace pres membranu a méné casto na principu sedimentace. A ze bude minimalizovan

pocet pasazi tuku uzkymi prlchodkami, napf. konektory typu luer lock.

V' nasledujicich letech lze v plastické a rekonstrukéni chirurgii prsu ocekavat spise
pozvolnéjsi narlst poctu novych indikaci pro prenos autologni tukové tkané v porovnani
s rychlym zaclenovanim techniky do klinické praxe v poslednich letech. Velky potencial
maji oviem dva nové kombinované postupy zaloZzené na pfenosu tuku. Jedna se o techniku
okamzité rekonstrukce prsu zaloZzené na prenosu tuku a pouziti kaudalné stopkovaného
deepitelizovaného laloku, kterd m(ize predstavovat optimalni rekonstruk¢ni alternativu pro
pacientky s hypertrofii prsou indikovanych k profylaktické mastetkomii. V estetické chirurgii
vidim jako perspektivni vyuziti fat graftingu k doplnéni objemu pfi modelaci prsou u Zen
s povislymi atrofickymi prsy.

V blizké budoucnosti bude dle ndzoru autora lipomodelace vieobecné doporucovana jako
rekonstrukéni technika prvni volby u vétsiny pacientek s hypoplastickymi vrozenymi vyvojovymi
vadami prsu a hrudniku. Naopak se bude vzhledem k vysokému poctu rekonstrukénich etap
pravdépodobné snizovat pocet indikaci sekundarnich rekonstrukci prsou zalozenych pouze
na prenosu tuku u pacientek po mastektomii bez ponechani kiize v nadbytku.

Cetnost provadénych vykon( zaloZenych na pfenosu autologni tukové tkané se miize dale

navysovat i diky osvété a vzdélavani plastickych chirurgl a také diky zkraceni operacnich ¢asu
pfi vyuZiti k tomu uréenych zafizeni a dobré organizaci prace opera¢niho tymu.
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Background: Lipomodeling is a technique that uses the patient’s own fat for
tissue regeneration and augmentation. The extent of regenerative effect is re-
ported to be determined by the numbers of adipose-derived stem cells and the
viability of cells in processed adipose tissue which, together with other factors,
influence the degree of graft retention. This study addresses whether differenc-
es exist in properties of fat graft obtained by three commonly used techniques.
Methods: Adipose tissue harvested from the hypogastric regions of 14 patients
was processed by decantation, centrifugation, and membrane-based tissue filtra-
tion. The morphology of each preparation was assessed by electron microscopy
and overall cell viability was assessed by live/dead assay. The number of adipose-
derived stem cells was determined and their stem cell character was assessed by
the presence of cell surface molecules (i.e., CD105, CD90, CD31, and CD45)
and by their capacity to differentiate into adipogenic and osteogenic lineages.
Results: First, morphologies of processed fat samples obtained by individual
procedures differed, but no preparation caused obvious damage to cellular
or acellular components. Second, although the highest numbers of adipose-
derived stem cells were contained in the upper fraction of centrifuged lipoaspi-
rates, the difference between preparations was marginal. Third, the maximal
concentration of adipose fraction (removal of watery component) of lipoaspi-
rate was achieved by membrane-based tissue filtration. Finally, no significant
differences in overall viability were detected.

Conclusions: Properties of processed lipoaspirate were influenced by the
preparation procedure. However, the differences were not dramatic; both
centrifugation and membrane-based filtration are methods of choice whose
selection depends on other criteria (e.g., practicality) for individual surgical
settings.  (Plast. Reconstr. Surg. 139: 670e, 2017.)

lipoinjection techniques have made autolo-  oped by Coleman,*” and the first report confirm-

The advent and refinement of liposuctionand  adipose tissue injection was systematically devel-

gous adipose tissue an attractive material  ing the regenerative effects of fat injection on the
for use as a soft-tissue filler."* The technique of  consequences of radiotherapy was published by
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Rigotti et al.® These studies launched a boom of  plastic surgeons on lipoaspirate processing. The
fat-grafting experimental and clinical studies. The  goal of this study was to compare the effects of the
most frequently used techniques for lipoaspirate ~ most commonly used techniques for lipoaspirate
processing in clinical practice are decantation, processing comprehensively in vitro.

centrifugation, and filtering through a simple
membrane (mesh) eventually combined with
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PATIENTS AND METHODS

washing. ] )
Although the volume of adipose tissue depends An experimental study was conducted in 14

mainly on the presence of mature adipocytes, it ~ healthy patients (Table 1) undergoing liposuction

contains other, less prominent cell types. Van etal. ~ abdominoplasty between January of 2012 and July

isolated fibroblast-like cells with adipogenic prop- of 201'4- The study was approyed.by the ethics
erties from enzymatically digested adipose tissue. ~ committee according to an institutional protocol
Zuk et al. demonstrated that human lipoaspirate of St. Apne’s University Hospital in Brno, Czech
contains mesenchymal stem cells that possess the ~ Republic. ) )
capacity to differentiate into multiple cell lin- Low-volume tumescent abdominal liposuc-
eages of mesodermal or ectodermal Origin.wv“ tion was performed (500 ml of normal saline with
In this study, we refer to these multipotent cells 1:500,000 epinephrine) under general anesthe-
as adipose tissue-derived stem cells. Differentia- sia. A total of 150 ml of adipose tissue was aspi-
tion of adipose-derived stem cells into adipocytes, ~ rated using a 3.5-mm-diameter cannula (PLA187;
chondrocytes, osteocytes, myocytes, angioblasts,  Pouret Medical, Clichy, France) and a 30-ml Luer-
hepatocytes’ neurons, and glia] cells has been lock syringe. The lipoaspirate was transported
achieved.’? Although adipose-derived stem cells ~ immediately to the laboratory in a portable incu-
require particular attention, only a handful of  bator at 37°C.
studies address adipose-derived stem cells in the The lipoaspirate was stirred together and then
context of adipose tissue processing.?*’ divided into three aliquots of 50 ml that were
Cell viability and adipose-derived stem cell — processed by different procedures: decantation,
content in processed adipose tissue are thought to centrifugation, and membrane-based tissue filtra-
influence the degree of long-term graft retention.  tion. For decantation, one aliquot was left at 37°C
Importantly, the unresolved question of how the  for 20 minutes under the action of gravity. Cen-
processing of adipose tissue affects lipomodeling  trifugation was achieved by spinning lipoaspirate
outcomes has interfered with consensus among  at 1200 g for 3 minutes. Membrane-based tissue

Table 1. Characteristics of Donor Patients and Percentages of Processed Adipose Tissue Volumes Related to the
Initial Volume (50 ml) of Lipoaspirate Sample (Volume Percentage)*

Percentage of the Processed Fat Volume to the Initial Volume of
Lipoaspirate Sample

Fractions of Centrifuged Fat

Body Mass Membrane-
Index Decanted Processed Centrifuged Low-Density High-Density
Measurement Sex  Age (yr) (kg/m?) Fat Fat Fat Fraction Fraction Pellet
I F 47 23.4 — — 60 30 30 .5
11 F 60 25.7 70 44 55 35 20 2.0
1T F 60 29.4 70 30 52 30 22 2.0
v F 54 28.4 83 67 63 36 26 2.0
\4 F 30 29.4 60 60 50 30 20 3.0
VI F 49 27.1 48 24 38 24 14 1.0
VII F 18 25.4 60 30 62 35 27 4.0
VIII F 19 24.2 70 48 60 38 21 2.0
IX F 49 27.6 65 46 50 33 17 2.0
X F 42 30.5 90 60 62 40 22 2.0
XI F 34 39.7 58 40 52 32 20 1.6
XII F 37 26.6 74 44 56 32 24 1.6
XIII F 37 33.9 80 60 68 44 24 1.6
X1V M 51 43.2 90 50 60 40 20 4.2
Median 44.5 28.0 70.0 45.8 57.8 34.2 21.6 2.0
Range 18-60  23.4-43.2  48-90 24-67 38-68 24-44 14-30 1.0-4.2

F, female; M, male.
*Statistical analysis (Friedman, Wilcoxon) revealed significant differences in volume percentages of all examined fractions (p < 0.01). Fried-
man’s analysis of variance, p < 0.01; p values of Wilcoxon paired test, p < 0.01 between all groups.
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filtration was applied to the third aliquot using a
commercial double-layer membrane (PureGraft;
Cytori Therapeutics, Inc., San Diego, Calif.). The
lipoaspirate was rinsed twice with 30 ml of phos-
phate-buffered saline (0.1 M, pH 7.4) for 3 and 7
minutes.

Both decantation and centrifugation distrib-
uted lipoaspirate into three clearly distinguished
layers: (1) the superior oily layer; (2) the middle
adipose layer; and (3) the inferior aqueous layer,
consisting mainly of tumescent solution. Cen-
trifugation also produced a pellet at the bottom
of each tube (Fig. 1). From these fractions, only
the adipose layers and the pellets were further
analyzed. In decanted aliquots, the whole adipose
layer was taken (decanted fat). In centrifuged ali-
quots, besides the pellet, the adipose layer was fur-
ther divided into the top two-thirds (low-density
fraction) and the bottom one-third (high-density
fraction). Although low- and high-density fractions
were always analyzed separately, for some param-
eters, the data from both fractions were combined
and referred to as the centrifuged fat to provide
information on the whole adipose fraction. Mem-
brane-based tissue filtration produced only one
fraction (adipose) because all liquid contents of
the lipoaspirate were filtered out. This fraction was
analyzed as a whole (membrane-processed fat).

Viability of Cells

A 0.2-ml sample of fraction was stained with
live/dead fluorescent solution for 5 minutes at

oily layer I —45

—d0

e low-density
adipose fraction
layer

high-density
-—  fraction

aqueous
layer

Fig. 1. Layers and fractions of centrifuged sample.
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22°C. Fluorescent stock solution (1000x) con-
tained 0.03% acridine orange (A6014; Sigma-
Aldrich, St. Louis, Mo.) and 0.1% of ethidium
bromide (46065; Sigma-Aldrich) in 2% etha-
nol. Live/dead cells were visualized using a
confocal laser-scanning microscope (Olympus
Fluoview 500; Olympus C&S Ltd., Prague, Czech
Republic).

After inspection of the whole sample, z-stacks
(10 sections with 15-pm distance along z-column,
10x objective, image size 1280 x 1280 um) were
acquired in five to 10 randomly selected positions,
and maximum intensity z-projection imaging was
performed for each stack using Image] software
(National Institutes of Health, Bethesda, Md.).
Three representative images were then chosen
and the numbers of red (dead) and green (live)
cells were counted using Cell Counter plugin in
Image] software. The number of live/dead cells
was averaged for each sample, and the viability was
calculated as the percentage ratio:

live

Viability =———~<—x 100
live + dead

Scanning Electron Microscopy

A portion of native adipose tissue sharply
dissected with scissors from the skin excess (0.5
x 0.5 cm), unprocessed lipoaspirate (before its
stirring and processing), and a 0.2-ml sample
of the fraction samples produced by the indi-
vidual separation techniques were fixed in 3%
glutaraldehyde (Polysciences, Inc., Warmin-
ster, Pa.) in 0.2 M cacodylate buffer (SPI Sup-
plies/Structure Probe, Inc., West Chester, Pa.).
Subsequently, the samples were fixed with 1%
osmium tetroxide (Degussa, Hanau, Germany),
washed three times in 0.2 M cacodylate buffer,
and dehydrated in ascending grades of ethanol.
Samples were coated with gold and examined
using a scanning electron microscope (MIRA3;
Tescan Orsay Holding, Kohoutovice, Czech
Republic).

Isolation, Counting, and Culture of Cells in the
Stromal Vascular Fraction

The examined adipose fractions were
digested for 30 minutes at 37°C with 0.1% col-
lagenase type IV (17104-019; Gibco, Life Tech-
nologies, Prague, Czech Republic) dissolved
in basal media (Dulbecco’s Modified Eagle
Medium-F12, 11320-033; Gibco). Enzyme
activity was neutralized by adding an equal vol-
ume of Dulbecco’s Modified Eagle Medium-
F12 media containing 10% fetal bovine serum
(SV30180.03; Thermo Fisher Scientific, Inc.,
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Paisley, United Kingdom) and incubating the
mixture for 30 minutes at 37°C. The sample was
then centrifuged for 10 minutes at 600 g. The
pellet was resuspended in 10 ml phosphate-buff-
ered saline and centrifuged for 2 minutes at 600
g. This washing step was repeated once. Subse-
quently, erythrocytes were lysed for 30 minutes
in erythrocyte lysis buffer (1556 mM ammonium
chloride, 10 mM potassium bicarbonate; Ing.
Petr Svec-PENTA, Prague, Czech Republic)
containing 0.1 mM ethylenediaminetetraacetic
acid (E5134; Sigma-Aldrich). After a final cen-
trifugation for 4 minutes at 200 g, the stromal
vascular fraction pellet was resuspended in 5 ml
of Dulbecco’s Modified Eagle Medium culture
medium containing Glutamax I (32430-027;
Gibco) supplemented with 10% fetal bovine
serum and 1% penicillin/streptomycin (P11-
010; PAA Laboratories GmBH, Pasching, Aus-
tria), further referred to as “complete culture
medium.” The number of cells in the stromal
vascular fraction was determined using a hemo-
cytometer and expressed as the number of cells
per milliliter of examined fraction.

For further culture, stromal vascular fraction
cells were seeded in complete culture medium
on gelatin-coated, 24-well plates at 1.5 x 10° cells
per well for a density of 84,746 cells/cm?. Cells
were cultured at 37°C in a humidified atmo-
sphere containing 5% carbon dioxide for 24
hours. Adherent cells were either further cul-
tured or fixed in 4% paraformaldehyde (P6148;
Sigma-Aldrich) for cell counting and immuno-
fluorescence analysis.

Cell nuclei were stained with 1 pg/ml
4’,6-diamidino-2-phenylindole  (32670; Sigma-
Aldrich) and images were automatically acquired
in five positions using an Olympus IX71 Cell R
imaging station with a 10x objective (Olympus
C&S Ltd.). First, center field was manually focused
in the center of each well. Automatic scanning
and positioning of next four fields at a distance
of 1 mm from center field in positive and nega-
tive directions of the x and y axes was performed
with a motorized XY stage. The average number
of adherent cells (adipose-derived stem cells) per
square centimeter was determined from these five
positions by the Cell Counter plugin in Image]
software.

The percentage of adherent adipose-derived
stem cells in the corresponding stromal vascu-
lar fraction was then calculated using the initial
seeding density as the 100 percent value. Finally,
this percentage was used to calculate the absolute

number of adipose-derived stem cells in 1 ml of
processed adipose fraction.

Direct Immunofluorescence

To determine the expression of cell sur-
face molecules by immunofluorescence, form-
aldehyde-fixed cells were exposed to relevant
fluorochrome-labeled antibodies. Cell surface
molecules of interest were CD31, CD45, CD90,
and CD105; all antibodies were purchased from
BD Biosciences (San Jose, Calif.) (catalogue num-
bers 555444, 555480, 555593, and 611314). Sam-
ples were observed using an Olympus IX71 Cell R
imaging station.

Differentiation of Cultured Adipose-Derived
Stem Cells

Adipose-derived stem cells were seeded in
complete culture medium at a density of 100 x
10° cells per well on gelatin-coated glass coverslips
placed in a 24-well plate. The cells were exposed
to either adipogenic or osteogenic medium and
maintained in these differentiation media for
2 weeks. To evaluate resulting phenotypes, the
cells were fixed in 4% paraformaldehyde and
subsequently stained with histologic stains. For
the adipogenic lineage, cells were stained using
Oil Red O (00625; Sigma-Aldrich), and counter-
stained with Mayer hematoxylin (4302; Merck,
Kenilworth, N.J.). For the osteogenic lineage, cells
were stained with Alizarin Red (A5533; Sigma-
Aldrich). Slides were observed using an Olympus
IX71 Cell R imaging station.

Statistical Analysis

Results were described by median and range.
Statistically significant differences between all
groups were tested by Friedman analysis of vari-
ance. Consequently, Wilcoxon paired tests were
used to reveal statistically significant differences
between individual fractions. Statistical signifi-
cance was defined as p < 0.05.

RESULTS
Each procedure produced adipose fractions
that represented a certain volume percentage of
the primary lipoaspirate. These percentages were
significantly different (Fig. 2 and Table 1).

Viability of Cells in Processed Adipose Tissue

Statistical analysis did not reveal any signifi-
cant differences in viability of the cells between
decanted fat, membrane-processed fat, and
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Fig. 2. Volume percentages for individual types of fat fractions. DEC, decanted fat
(70 percent); MEM, membrane-processed fat (49 percent); CEN, centrifuged fat
(58 percent); LD, low-density fraction of centrifuged fat (34 percent); HD, high-
density fraction of centrifuged fat (22 percent); PE, pellet of centrifuged fat (2 per-
cent). Wilcoxon paired tests revealed significant difference between all fractions.
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Fig. 3. Cell viability in each type of fraction. DEC, decanted fat (66 percent); MEM,
membrane-processed fat (60 percent); LD, low-density fraction of centrifuged fat
(60 percent); HD, high-density fraction of centrifuged fat (58 percent); PE, pellet
of centrifuged fat (85 percent). Only viability of the cells in the pellet was sig-
nificantly higher than in the other fractions. The viability of cells in decanted fat,
membrane-processed fat, high-density fraction of centrifuged fat, and low-den-
sity fraction of centrifuged fat was statistically indistinguishable. The viability of
the cells only in the pellet of centrifuged fat was significantly higher than in the
other fractions.

high- and low-density fractions. The only excep-
tion was a significantly higher viability in the
pellet (Fig. 3). [See Figure, Supplemental Digi-
tal Content 1, which shows cells stained by live/
dead assay reagent as visualized by confocal laser
scanning microscopy (dead cells stained red by
ethidium bromide; live cells stained green by
acridine orange). Photographs representative of
all fractions are shown. DEC, decanted fat; MEM,
membrane-processed fat; LD, low-density fraction
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of centrifuged fat; HD, high-density fraction of
centrifuged fat; PE, pellet of centrifuged fat. Scale
bar =200 pm, applicable to all panels, http://links.
lww.com/PRS/C60. ]

Microstructure of Processed Adipose Tissue
Both reference samples (native adipose tissue
and unprocessed lipoaspirate) had clearly distin-
guishable amorphous and fibrillar components of
the extracellular matrix, preserved morphology
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of adipocytes, and a portion of cellular debris
and lipid droplets. Native adipose tissue retained
its compact structure of tightly connected adipo-
cytes with almost no oil droplets on the surface.
The unprocessed lipoaspirate contained a much
higher number of disrupted adipocytes, as indi-
cated by fragments of cell membranes (cellular
debris) and lipid droplets.

Decanted fat appeared very similar to unpro-
cessed lipoaspirate, with recognizable amorphous
and fibrillar components of the extracellular
matrix. The amorphous component of the extra-
cellular matrix was visible as a mucous-like layer
covering the cell surface. The presence of oil
droplets and cellular debris in decanted fat was
reminiscent of lipoaspirate.

In contrast, centrifugation and membrane-
based filtration introduced further changes to the
primary lipoaspirate. Low-density fraction, high-
density fraction, and membrane-processed fat all
showed significantly reduced amounts of cellular
debris. Low- and high-density fractions were both
noteworthy for their complete absence of the
amorphous component of extracellular matrix and
some reduction of its fibrillar component. Notably,
oil droplets were more frequent in the low-density
fraction compared with the high-density fraction.
Membrane-processed fat was almost completely
devoid of amorphous and fibrillar components of
the extracellular matrix and oil droplets. Typical
findings in the pellet were high fibrillar extracel-
lular matrix content and the presence of erythro-
cytes. [See Figure, Supplemental Digital Content 2,
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1000000

Number of SVF [cells/ml]
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:

which shows the microstructure of adipose tissue
as determined by scanning electron microscopy.
AT, native adipose tissue sample (dissected sharply
with scissors); LA, unprocessed lipoaspirate; DEC,
decanted fat; MEM, membrane-processed fat; LD,
low-density fraction of centrifuged fat; HD, high-
density fraction of centrifuged fat; PE, pellet of
centrifuged fat; DEBRIS, cell debris (as a result of
disrupted membranes); OIL, oil droplets; ADIPO +
AC, well-preserved adipocytes retaining the amor-
phous component of the extracellular matrix;
ADIPO, well-preserved adipocytes without the
amorphous component of the extracellular matrix;
FC, fibrillar component of the extracellular matrix;
ERY, erythrocytes. Scale bar=1 mm (center) and 100
um (below), http://links.lww.com/PRS/C61.]

Numbers of Stromal Vascular Fraction Cells

Statistical analysis did not reveal any signifi-
cant differences among decanted fat, membrane-
processed fat, high- and low-density fractions, and
centrifuged fat, with the numbers of stromal vas-
cular fraction cells ranging from 1.4 x 10° to 2.3 x
10° cells/ml (Fig. 4 and Table 2). The only excep-
tion was a significantly higher number of cells in
the pellet (Fig. 2).

Adipose-Derived Stem Cells: Numbers, Molecular
Phenotype, and Differentiation Capacity

We first expressed the numbers of adipose-
derived stem cells as a percentage of the stromal
vascular fraction cells from which they were iso-
lated (Fig. 5). Wilcoxon paired test revealed that

i
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75% quantile
Median
25% quantile
Minimum

=)

DEC MEM

CEN

Lo !

LD HD PE

Fig. 4. Numbers of stromal vascular fraction (SVF) cells per milliliter of each
processed fat fraction. DEC, decanted fat (137 x 103 cells/ml); MEM, membrane-
processed fat (198 x 10° cells/ml); CEN, centrifuged fat (198 x 10° cells/ml); LD,
low-density fraction (228 x 10° cells/ml); HD, high-density fraction (168 x 10°

cells/ml); PE, pellet (695 x 103 cells/ml).
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Table 2. Statistical Evaluation of Significant Differences between Individual Fractions*

p Values of Wilcoxon Paired Tests

Fractions of Centrifuged Fat

Decanted Membrane-Processed Centrifuged Low-Density ~ High-Density
Fat Fat Fat Fraction Fraction Pellet
Decanted fat — 0.196 0.116 0.055 0.158 0.005F
Membrane-processed fat 0.196 — 0.753 0.422 0.433 0.013F
Centrifuged fat 0.116 0.753 — 0.064 0.116 0.0047
Fractions of centrifuged fat
Low-density fraction 0.055 0.422 0.064 — 0.116 0.004+
High-density fraction 0.158 0.433 0.116 0.116 — 0.007+
Pellet 0.0057 0.0131 0.004+ 0.0047 0.007+ —
*Numbers of stromal vascular fraction cells were compared.
TStatistically significant difference (p < 0.05).
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Fig. 5. Percentage of adherent adipose tissue-derived stem cells (ASCs) in stro-
mal vascular fraction (SVF) cells isolated from each processed fat fraction. DEC,
decanted fat (29 percent); MEM, membrane-processed fat (28 percent); CEN, cen-
trifuged fat (33 percent); LD, low-density fraction (32 percent); HD, high-density

fraction (18 percent); PE, pellet (1 percent).

(1) the percentage of adipose-derived stem cells
in the pellet was significantly lower compared with
all other types of fractions, and (2) percentages of
adipose-derived stem cells in the low-density frac-
tion and in decanted fat were significantly higher
than in the high-density fraction (Table 3).

To obtain the concentration of adipose-
derived stem cells, we next calculated the num-
bers of adipose-derived stem cells in 1 ml of
each fraction. When the numbers of adipose-
derived stem cells were evaluated by the Wil-
coxon paired test, the following differences
were found: (1) the numbers of adipose-derived
stem cells in the pellet were lower compared
with all other types of fractions, and (2) num-
bers of adipose-derived stem cells in the low-
density fraction were significantly higher than
in centrifuged fat and in the high-density frac-
tion (Fig. 6 and Table 4).

All adherent cells, irrespective of which
fraction they originated from, were positive
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for CDY90 and CDI105 and negative for CD31
and CD45 antigens, further confirming their
adipose-derived stem cell nature (see Figure,
Supplemental Digital Content 3, which shows
the expression of CD105, CD90, CD45, and
CD31 antigens on adipose-derived stem cells as
revealed by immunofluorescence microscopy.
Antigen, green; cell nuclei, blue. Scale bar = 100
um, http://links.lww.com/PRS/C62), and pro-
duced descendants with adipocyte and osteocyte
phenotypes [see Figure, Supplemental Digital
Content 4, which shows multilineage capabilities
of adipose tissue-derived stem cells: (left) undif-
ferentiated adipose-derived stem cells, (center)
adipose-derived stem cells differentiating for 2
weeks toward adipogenic and (right) osteogenic
lineages as revealed by histochemical visualiza-
tion of lipid droplets and calcium phosphate
deposits, respectively. The cell nuclei are coun-
terstained with Mayer hematoxylin. Scale bar =50
um, http://links.lww.com/PRS/C63].
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Table 3. Statistical Evaluation of Significant Differences between Individual Fractions*

p Values of Wilcoxon Paired Tests

Fractions of Centrifuged Fat
Decanted Membrane-Processed Centrifuged Low-Density High-Density

Fat Fat Fat Fraction Fraction Pellet
Decanted fat — 0.799 0.192 0.575 0.013+ 0.008+
Membrane-processed fat ~ 0.799 — 0.110 0.721 0.059 0.008+
Centrifuged fat 0.192 0.110 — 0.051 0.173 0.008+
Fractions of
centrifuged fat
Low-density fraction 0.575 0.721 0.051 — 0.022+ 0.008+
High-density 0.013% 0.059 0.173 0.0227 — 0.008+
fraction
Pellet 0.008+ 0.008+ 0.0087 0.0087 0.008+ —

*Percentages of adherent adipose tissue-derived stem cells in stromal vascular fraction were compared
fStatistically significant difference (p < 0.05).
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Fig. 6. Numbers of adipose tissue-derived stem cells (ASCs) per milliliter of each
processed fat fraction. DEC, decanted fat (44 x 10° cells/ml); MEM, membrane-
processed fat (53 x 10° cells/ml); CEN, centrifuged fat (63 x 10° cells/ml); LD, low-
density fraction (93 x 10° cells/ml); HD, high-density fraction (43 x 10 cells/ml);
PE, pellet (7 x 103 cells/ml).

Table 4. Numbers of Adipose Tissue-Derived Stem Cells per Milliliter in Each Type of Fraction*

p Values of Wilcoxon Paired Tests

Fractions of Centrifuged Fat

Membrane-
Decanted Processed Centrifuged Low-Density High-Density
Fat Fat Fat Fraction Fraction Pellet
Decanted fat — 0.721 0.859 0.139 0.139 0.017%
Membrane-processed fat ~ 0.721 — 0.859 0.203 0.093 0.017}
Centrifuged fat 0.859 0.859 — 0.038+ 0.086 0.012%
Fractions of centrifuged fat
Low-density fraction 0.139 0.203 0.038+ — 0.013+ 0.012+
High-density fraction 0.139 0.093 0.086 0.013+ — 0.012+
Pellet 0.017+ 0.0177 0.012+ 0.012+ 0.012¢ —

*Differences between the groups were analyzed statistically by post hoc Wilcoxon paired tests.
TStatistically significant difference (p < 0.05).

DISCUSSION technique is appreciated by patients for excellent

Over the past 20 years, there has been a postoperative results, minimal invasiveness, infre-
renaissance in the use of autologous fat grafting  quent surgical complications, short hospitaliza-
for reconstruction of soft-tissue defects.®® The  tion, quick recovery, and minimal scarring. For
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the surgeon, a large number of technical options
exist for fat harvesting, processing, and grafting.
The most frequently used techniques for pro-
cessing adipose tissue in clinical practice are (1)
centrifugation with different speeds, diameters,
volumes, and tube shapes; (2) filtering through
a simple membrane (mesh) or filtering through
a membrane combined with washing in more
sophisticated devices such as PureGraft; and (3)
decantation. The purpose of this study was to
compare selected properties of adipose tissue pro-
cessed by these techniques.

Proportion of Adipose Traction

Recipient tissues can accept only a limited vol-
ume of fat graft. In our study, the median volume
of the adipose fraction relative to the initial vol-
ume of lipoaspirate was 70 percent for decanted
fat, 58 percent for centrifuged fat, and 46 percent
for membrane-processed fat.

The different percentages of adipose fractions
reflect the ability to expel the aqueous compo-
nent, which seems to be mostly reduced in mem-
brane-processed fat; therefore, its application can
be expected to minimize volume loss in the early
postoperative period. This is in agreement with
clinical studies objectifying processing techniques
in humans.*!

Although we applied commonly used param-
eters of these processing techniques, the volume
of adipose fractions can be controlled by variable
settings of each individual method. Kurita et al.
demonstrated that, with increased centrifuga-
tion force (up to 3000 g), the volumes of the oily
and aqueous layers increase and the volume of
the adipose fraction decreases.” The volume of
the adipose fraction decreases with time during
decantation and with length of filtering time dur-
ing membrane-based tissue filtration.

Viability of Cells in Processed Adipose Tissue

The absorption of fat graft after adipose tissue
transfer is considered to be influenced by the per-
centage of viable cells in the graft.** However,
the previously reported conclusions on the effect
of preparation procedure on cell viability are
equivocal. Findings span from identifying decan-
tation as producing superior cell viability*® to the
completely opposite conclusion.** However, other
studies declare no significant differences.”?
Diverse results are therefore likely caused by
mechanical manipulation during sample process-
ing (such as centrifugation force) and by different
methods used for assessing cell viability, such as
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glycerol release,” MTT [3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide]** and
XTT [3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-
2H-tetrazolium-5-carboxanilide]*® assays, trypan
blue or fluorescent staining,* glucose trans-
port,*® and many others. In our study, we used
a centrifugation force of 1200 g, which is widely
applied, as it corresponds to Coleman’s protocol
and is considered to cause insignificant damage
to lipoaspirate.”***** Still, other authors recom-
mend lower centrifugation forces to maximize the
viability of the cells,”**** but we did not observe
any significant differences (Fig. 3). Importantly,
we conducted confocal microscopic analysis using
a live/dead fluorescent reagent because of its tol-
erance to variable sample consistency, cell density,
and metabolism of a heterogeneous cell popula-
tion. This method was also validated in compari-
son with flow-cytometry and hemocytometry in
other studies. Our study revealed no significant
differences between the viability of adipose tis-
sue fractions. This indicates that none of applied
processing techniques is harmful to complex cell
populations and does not impair the cell viability
of processed adipose tissue before fat grafting.

Microstructure of Processed Adipose Tissue

Preparation techniques impose physicochemi-
cal stress on the processed adipose tissues but, to
the best of our knowledge, this has been specifi-
cally addressed at the morphologic level in only
two studies.”*" Rubino et al. demonstrated that
the decantation technique was less destructive to
adipocytes than centrifugation. Using scanning
electron microscopy, they observed membrane
wrinkling, opening of the pores with leakage of
oily material, and reduction of cellular diameter.*
Kurita et al., in contrast, demonstrated that adipo-
cyte size is not remarkably altered with increased
centrifugal forces. In all samples, including uncen-
trifuged controls, clusters of adipocytes were par-
tially ruptured. The degree of adipocyte damage
varied between donor subjects, but not between
samples processed with different centrifugal
forces from the same subject,’® which is generally
in accordance with our results.

Moreover, our findings indicate that indi-
vidual procedures introduce specific changes to
the morphology of the processed adipose tissue.
Decanted fat was very similar in its morphology to
untreated lipoaspirate, with well-preserved extra-
cellular matrix components. Both centrifugation
and membrane-based filtration led to the almost
complete removal of its amorphous component.
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Membrane-based filtration also removed a con-
siderable part of the fibrillar component, which
was retained in the fractions produced by cen-
trifugation. The extracellular matrix in adipose
tissue consists of a fibrillar component, made
primarily of collagen and reticular fibers, and an
amorphous component, the mixture of proteogly-
cans and glycoproteins. These are important con-
stituents of the stem cell niche, controlling cell
maintenance and behavior and providing com-
plex regenerative effects because of the activity
of extracellular matrix-bound components, such
as growth factors and chemokines.* The clearing
effects of centrifugation and membrane-based
filtration produced by hydrodynamic forces also
removed oil droplets and cellular debris.

Properties of Adipose-Derived Stem Cells

Multiple properties of adipose-derived stem
cells underlie their regenerative potential: (1)
adipose-derived stem cells participate in the
coalescence of transferred fat graft with surround-
ing tissue and are more resistant to ischemia than
adipocytes,* (2) adipose-derived stem cells have
an angiogenic capability by means of angiogenic
factor release during ischemic conditions,*** and
(3) adipose-derived stem cells in transferred fat
tissue influence the degree of graft resorption,*?’
just to name some.

The analyses involved in our study conform
to the criteria for multipotent mesenchymal stro-
mal cells, defined by the International Society for
Cellular Therapy, which are as follows: (1) abil-
ity to adhere to plastic surface; (2) presence or
absence of specific CD markers; and (3) ability to
differentiate into multiple cell lineages.** When
we initiated this study in 2012, the expression of
cell surface molecules on adipose-derived stem
cells was not yet completely clarified. (See Table,
Supplemental Digital Content 5, which shows the
proposed cell surface molecule expression pro-
files of human adipose-derived stem cells, http://
links.lww.com/PRS/C64.) Therefore, we selected
four molecules (CD31, CD45, CD90, and CD105)
that were most frequently mentioned in the litera-
ture.®** Importantly, we met the revising criteria
statement published in 2014 by the International
Fat Applied Technology Society/International
Society of Cellular Therapy characterizing mark-
ers of adherent stromal/stem cell populations.”
Therefore, the conclusion that can be drawn
from our multifaceted analysis is that the adipose-
derived stem cells obtained possessed parameters
that define this stem cell type.

Numbers of Adipose-Derived Stem Cells

Allen and colleagues divided the centrifuged fat
layer into low- and high-density fractions and dem-
onstrated that (1) the in vitro high-density fraction
(bottom one-tenth of the fatlayer) contains a higher
concentration of progenitor cells than the low-den-
sity fraction, and (2) after grafting, the high-den-
sity fractions persist in the recipient site in higher
volumes than the low-density fraction.”’ Here, we
defined the low-density fraction as the upper two-
thirds of the centrifuged fat layer, and the high-den-
sity fraction consisted of the remainder. In contrast
to the above-cited study, more adipose-derived stem
cells were contained in the low-density fraction than
in the high-density fraction of centrifuged fat.

The pellet obtained by centrifugation con-
tained the highest number of cells (Fig. 4 and
Table 2). However, the total volume of the pellet
was small (Table 1), and only a small portion of the
pellet cells adhered to the dish bottom (Fig. 5 and
Table 3). Such findings contrast with the work of
Condé-Green et al. demonstrating large numbers
of stem cells in the pellet of centrifuged fat.”* How-
ever, their stem cell phenotype was established based
on flow-cytometric analysis of CD marker expres-
sion (CD34*, CD45°, CD105*) and not by adhesive
properties as in our and other studies mentioned
above. The most important phenomenon found
here was the high numbers of adipose-derived stem
cells in the low-density fractions, although these
are not statistically different from those obtained
by decantation and/or membrane-based filtration
(see Fig. 6 and Table 4 for reference).

Considered together, different authors have
different viewpoints on individual processing
techniques. Decantation was highlighted because
of gentle manipulation but criticized because of
transferring possible proinflammatory contami-
nants (e.g., oil droplets, debris, ruptured adipo-
cytes) 241465355 which are responsible for lower
graft retention and creation of oil lacunae and
fibrous tissue after reimplantation.***® We con-
firmed an abundant presence of these particles by
electron microscopic observations.

In contrast, centrifugation and washing/fil-
tration are considered to be superior, because of
their clearing effects®”*® ; however, comparison of
these techniques is ambiguous.” Some authors
(e.g., Zhu et al.** and Condé-Green et al.*’) accen-
tuate washing/filtration above centrifugation
and decantation, whereas others report them as
similar.®"** Also, our experimental results revealed
that all techniques were generally comparable
in cell viability and number of stromal vascular
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fraction; however, decantation is time-consuming
and does not provide beneficial results in viability
or the number of stromal vascular fraction or the
number of adipose-derived stem cells. This is con-
sistent with other reports.””*® Recent systematic
evidence-based reviews were performed on hun-
dreds of publications; however, the authors failed
to advocate a single technique as superior.?#6-%
Finally, we suggest that future studies could
extend our knowledge by including an increased
number of patients, viability evaluation based on
a combination of metabolic and fluorescent assays
with consequent correlation to histopathologic
analysis before and after engraftment, and also
stem cell characterization by revised criteria. Pro-
spective clinical studies will be beneficial because
they may provide information on whether differ-
ences between procedures can be mirrored by
pronounced differences in fat grafting outcome.

CONCLUSIONS

Although decantation is a gentle technique
that best preserves components of the extracellu-
lar matrix, the product of decantation was contam-
inated with oil droplets and residues of disrupted
adipocytes. Centrifugation isolated the highest
concentration of adipose-derived stem cells from
the upper two-thirds of centrifuged fat (low-den-
sity fraction). In contrast, pellets in centrifuged
samples contained only a small number of adher-
ent adipose-derived stem cells. Therefore, we do
not find enrichment of the fat layer with the pellet
to be profitable. Both the low- and high-density
fractions were almost completely devoid of oil
droplets and debris, and they retained consider-
able amounts of the fibrillar components of the
extracellular matrix. Compared with centrifuged
fat, membrane-processed fat contained approxi-
mately the same concentration of adipose-derived
stem cells, with similar viability. Although filtra-
tion also effectively removed oil droplets and cell
debris, membrane-processed fat again retained
a substantial part of the fibrillar components of
the extracellular matrix. Finally, the watery com-
ponent was minimal in membrane-processed fat.
In summary, centrifugation and membrane-based
tissue filtration for processing lipoaspirates both
appear to be effective and profitable techniques.

Libor Streit, M.D.

Department of Plastic and Aesthetic Surgery
St. Anne’s University Hospital

Berkova 34

612 00 Brno, Czech Republic
liborstreit@gmail.com
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ABSTRACT

Background: The latissimus dorsi flap is a re-
liable and one of the most commonly used
methods of both immediate and delayed bre-
ast reconstruction. Its disadvantage is the limi-
ted volume of transferred tissue. The authors
present their experience with the use of ex-
tended latissimus dorsi flap associated with
immediate fat grafting into the pectoralis and
latissimus dorsi muscles for secondary breast
reconstruction.

Methods: From 2013 to 2016, 14 patients under-
went secondary unilateral total breast recon-
struction with extended latissimus dorsi flap
associated with primary fat grafting into the

pectoralis major and latissimus dorsi muscles.
Fat was injected under visual control between
muscle fibers. Fat injected into the pectoralis
muscle formed an apparent bulging - auto-
prosthesis.

Results: Mean patient age was 48.2 years
(range, 34 to 64 years). Mean injected fat vo-
lume was 86.4 ml (range, 50 to 160 ml) and
majority of this volume was injected into the
pectoralis muscle. All flaps healed uneventfully
and no fat grafting-related complications were
observed. The most common complication was
donor site seroma, which occurred in 57.1%.
Results of postoperative ultrasound examinati-
on were evaluated. Incidence and the size of oil
cysts and fat necroses were significantly lower

ACTA CHIRURGIAE PLASTICAE, 59, 2, pp. 72-81

in muscular layer in comparison with the sub-
cutaneous layer of the reconstructed breast.
Conclusions: Immediate fat transfer into the
pectoralis and latissimus dorsi muscle increases
the breast volume during the reconstruction
with extended latissimus dorsi flap avoiding
implant-related complications when abdominal
tissue is not available. Pectoralis and latissimus
dorsi muscles were shown as reliable and safe
recipients for fat grafting.

KEYWORDS
Latissimus dorsi, breast reconstruction,

autologous, secondary, fat grafting,
pectoral muscle

INTRODUCTION popularized by Olivari and Schneider in the late 1970s 23, Its

use is traditionally limited by the volume of transferred tis-

The latissimus dorsi flap is a reliable and one of the sueand by the desired size of the breast. The volume of the
most commonly used methods of both immediate and breastis therefore routinely created by silicone prosthesis
delayed breast reconstruction. Latissimus dorsi flap re- in one stage as described by Bostwick and colleagues *°. In
construction was introduced first by Tansini in 1906 *and this concept, the disadvantages associated with the use of
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Patient Age BMI Injected fat volume [ml] Additional lipomodelling
[years] [kg/m?] sessions
Number Injected fat volume
of [mi]
Follow- total LTp  sessions g 2nd
up session session
[months]
1 44 211 yes no 34 50 30 20 2 228 72
2 50 287 no no 29 50 50 0 1 190
3 53 23.4 yes yes 25 50 50 0 1 255
4 4 20.4 yes yes 25 60 30 30 2 200 165
5 53 20.6 no no 25 80 80 0 1 140
6 43 24.2 yes yes 22 90 40 50 2 205 130
7 59 21.9 yes no 22 60 30 30 1 135
8 63 275 no no 15 80 40 40 2 130 225
9 44 37.6 no no il 160 10 50 0
10 34 24.9 yes yes 9 120 60 60 1 150
n 35 23.7 no yes 8 155 120 35 0
12 52 208 yes yes 5 40 40 0 1 110
13 64 26.6 no yes 4 130 100 30 0
14 40 235 yes no 3 80 30 55 1 210
Median 47.0 23.6 18.5 80.0 45.0 30.0 1.0
Mean 48.2 24.6 8 of 14 7 of 14 16.9 86.4 57.9 28.6 1.0

Table 1. Patients and operative data. RT: adjuvant radiotherapy after mastectomy, AAF: abdominal advancement flap, PM: pectoralis muscle,
LTD: latissimus dorsi muscle. No adipose tissue was applied into the latissimus dorsi muscle in the cases when it was too thin (patients No. 2,
3,5,12). And also no fat graft was applied into the pectoralis muscle in one patient with the history of implant based breast reconstruction

with atrophic pectoralis muscle (patients No. 12)

the latissimus dorsi flap (donor site morbidity) and disad-
vantages of silicon implant (risks of infection, extrusion,
rupture, capsular contracture and a recently suggested
association with anaplastic large-cell lymphoma) occur
both together.

The need for an implant may be avoided if the latissimus
dorsi flap is harvested as extended when the whole muscle
is taken. Hokin in 1983 and Marshall in 1984 increased the
volume of the latissimus dorsi flap as they included lumbar
fascia ¢7. Germann in 1996 ® and Delay in 1998 ® introduced
the technique of latissimus dorsi flap harvesting when the
supplementary volume of the flap was increased by the
subfascial fat localized in scapular and parascapular region,
in addition to the lumbar fat. Delay also defined individual
fatty zones adjacent to the latissimus dorsi muscle anatomi-
cally and he popularized this reconstructive approach °. In
addition, Delay improved the options for autologous breast
reconstruction by combining extended latissimus dorsi flap
with abdominal advancement flap allowing breast recon-
struction with one final horizontal scar ™.

Because of low morbidity, low complication rate, very
good results and an excellent acceptance by the patients,
autologous fat grafting has recently become recognized as
an essential tool in breast reconstructive surgery. Sinna and
colleagues demonstrated in consecutive sample of 200 pa-
tients that lipomodelling improves outcomes after extended

latissimus dorsi flap reconstructions by augmenting breast
volume and by enhancing its shape »*. Finally, Santanelli
and colleagues have recently reported their technique of
latissimus dorsi flap reconstruction associated with in-
traoperative fat grafting to the subcutaneous tissue of the
latissimus dorsi flap as an alternative for entirely autologous
breast reconstruction .

The aim of this study is to present a new concept of au-
tologous breast reconstruction with the extended latissimus
dorsi flap associated with simultaneous fat grafting into the
pectoralis and latissimus dorsi muscles.

PATIENTS AND METHODS

Between April 2013 and February 2016, 14 patients un-
derwent secondary unilateral total breast reconstruction
with extended latissimus dorsi flap associated with primary
fat grafting into the pectoralis major and latissimus dorsi
muscles (Table 1). This surgical technique was indicated for
patients after mastectomy requiring breast reconstruction
desiring small or moderate breast volume, patients who
refused scars on the abdomen or patients with the con-
traindication for abdominal free flap such as: 1) multiple
abdominal scars, 2) previously harvested abdominal flap or
abdominoplasty, 3) patients with a history of deep venous
thrombosis or pulmonary embolism (Table 2).
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Choice of autologous latissimus reconstruction over abdominal flap in 14 patients Incidence Percent [%]
Slim patient with a relatively small excess of abdominal skin 7 50.0
Non-acceptance of abdominal scars 4 28.6

Age > 60 yr 2 14.3
Smoking 2 14.3

History of previous breast reconstruction using abdominal flap 2 4.3
Concerns about the surgery with a potential risk of flap loss 1 7.1

History of deep vein thrombosis or pulmonary embolism, or factor V Leiden mutation 0 0.0

Table 2. Choice of autologous latissimus reconstruction over abdominal flap

Preoperative design

Planning begins in the chest in the front view. The
median intermammary line, the inframammary crease
and the foreseeable extent of the breast is designed in the
post-mastectomy chest using opposite breast as a model.
In the case of serious hypertrophy or ptosis of the pre-
served breast, patients are informed about the need of
contralateral symmetrization in the second stage to obtain
appropriate results. In cases with sufficient laxity of the
skin below the submammary fold, the abdominal advance-
ment flap may be conveniently used to reconstruct the skin
of the lower part of the breast - this maneuver allows to
reduce the minimum size of latissimus dorsi flap skin
paddle and to reduce the length of the scar on the back
respectively.

Fig. 1. Latissimus dorsi flap planning. The bra strap area is marked
first when the patient is wearing her bra. The horizontal or slightly
transverse skin paddle is localized in the middle of the bra strap
area
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The bra strap area is then marked on the patient’s back in
the upright position. The horizontal or slightly oblique skin
paddle is drawn on the middle of the bra strap area (Fig. 1),
the pinch technique is used to determinate its maximum
width. In the case, when the abdominal advancement flap
is planned simultaneously, we minimize the size of the skin
paddle (6 x 14 cm approximately). In other cases, the size of
the skin paddle is outlined with respect of the extent of the
missing skin on the breast.

Donor site for fat harvesting is marked according to the
patient’s wish and expected volume of fat graft (100-150 ml
of processed adipose tissue should be prepared). Lower abdo-
men and inner thighs are preferred harvesting sites because
of easy positioning of the patient in the supine position. We
do not recommend fat harvesting from the flanks because
of the risk of blood supply deterioration of the elevated skin
after latissimus dorsi flap harvesting due to instillation of
tumescent solution (with epinephrine) and liposuction in
closely surrounding area.

Surgical technique

Latissimus dorsi flap harvesting was performed simul-
taneously with subcutaneous undermining of the anterior
thorax in lateral decubis position. We used modification of
harvesting technique described by Delay °. The volume of the
latissimus dorsi flap was extended by harvesting: 1) adipose
tissue of the paddle below the superficial fascia retained on
the entire surface of the muscle, 2) the scapular fat pad,
3) the fat adjacent to the anterior part of the muscle. On the
contrary, we did not harvest supra-iliac fat pad.

Once the flap was raised and the pedicle clearly visible
and free, a subtotal section of the muscle was performed
distally and just a small muscular bridge was left to protect
the vascular pedicle. The thoracodorsal nerve was preserved.
The completely raised flap was then passed underneath the
skin bridge anteriorly into the dissected subcutaneous pocket
on the chest. The donor site was closed primarily.

Then, the patient was turned to the supine position
and subcutaneous undermining of the anterior thorax was
finalized. The abdominal advancement flap was dissected
and a new inframammary fold was created in the patients
who were scheduled for it.

Adipose tissue was harvested preferably from the lower
abdomen or inner thighs region. Low-volume tumescent
liposuction was used (500 ml of normal saline with 1:500
000 of epinephrine). Adipose tissue was aspirated manually
into 30-ml Luer-lock syringes using 3.5 mm cannula (model
PLA187, Pouret Medical, France) and it was centrifuged at
1200 g for 3 minutes directly in 30ml syringes.



(during application into the middle and superficial layers)
the fat transfer can be done accurately under visual control
till the formation of a small bulging - autoprosthesis. Fat
was analogically injected between superficial muscle fibers
and also into the adipose layer of the skin paddle of the
latissimus dorsi flap (Fig. 2). After fat injection, the latis-
simus dorsi flap was secured to the breast pocket so that
the originally distal part of the flap created volume of the
décolleté area. The latissimus dorsi flap was then folded in
the bottom part of newly reconstructed breast to form extra
bulk. Breast skin was finally draped over the new mound
and the latissimus dorsi skin paddle was partially or totally
de-epithelialized. Two suction drains were positioned be-
fore skin closure.

One or two sessions of lipomodelling were performed
secondary at least 3 months after the previous surgery under
general anesthesia. Contralateral symmetrizing masto-
pexy or reduction mammoplasty was performed 3-6 months
after breast reconstruction, and finally in the following
3months, nipple reconstruction using local flaps and areolar
reconstruction using tattooing were performed under local
anesthesia, if required by the patient.

Follow-up

All the patients were examined 1) clinically 2 weeks
postoperatively, 2) clinically and by ultrasound shortly before
each additional session of lipomodelling (when performed)
and finally 3) clinically and by ultrasound at least 3 months
postoperatively (after latissimus dorsi breast reconstruction
or after final session of lipomodelling). The size and the
number of fat necroses were evaluated by ultrasonography
by a single experienced radiologist. Photographs were taken
during each follow-up visit.

RESULTS

Breast reconstruction using the extended latissimus
dorsi flap associated with fat grafting was performed in 14
patients. The mean patient age was 48.2 years (range, 34 to
64 years). The mean body mass index was 24.6 kg/m? (range,
20.4t037.6 kg/m?) and 8 of these 14 patients had a history of
adjuvant radiotherapy. In 7 patients, abdominal advance-
ment flap was used to reconstruct the lower pole of the
breast. Patient and operative data are shown in Table 1. The
mean injected fat volume was 86.4 ml (range, 50 to 160 ml)
when majority of volume was injected into the pectoralis
major muscle. The mean injected fat volume to the pectoralis
muscle was 57.9 ml.

Incidence of complications in14 Incidence Percent [%]
patients

Fig. 2. Application of the processed fat (a) into the pectoralis

muscle and (b, ¢) into the latissimus dorsi muscle Partial flap loss 0 0.0
Total flap loss 0 0.0
Processed fat was injected first into the pectoralis | Partial breast skin flap loss 0 0.0
muscle from several points (4-6 points) longitudinally and Partial dorsal skin flap loss 0 0.0
transversely relative to the orientation of muscle fibers with ) )
10 ml syringes using 2 mm cannulas (model PLA189, Pouret Wound infection 0 0.0
Medical, France). In this way, the fat was applied first into Hematoma 2 14.3
the deep layer, then into the middle layer and finally into S
L . eroma 8 571
the superficial layer of the muscle. Because the cannula

and the injected fat are visible between the muscle fibers  Table 3. Complications
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Thickness of the layers of the reconstructed breast (maximum values) Number and size of fat necrosis or
oil liponecrotic pseudocysts

Patient Overall Muscular layer  Subcutaneous % of muscular Muscular layer  Subcutaneous
thickness (PM+LTD) layer layer layer

2 24 19 12 79.2 S M

3 47 32 14 68.1 = SS

4 34 20 17 58.8 - S

5 50 27 23 54.0 S SSS

6 31 22 14 71.0 - S

8 44 39 16 88.6 = SSS

9 38 19 15 50.0 - -

1 43 25 18 581 - SS

12 25 15 12 60.0 - -

13 44 34 10 77.3 o o

Median 64.0

Mean 66.5

Table 4. Evaluation of the postoperative breast ultrasound examination. The size of fat necrosis or oil liponecrotic pseudocysts is
expressed by different letters: S - small (up to 10 mm in diameter), M - medium (10 to 20 mm in diameter) and L - large (more than
20 mm in diameter). The number of these fat necroses or oil liponecrotic pseudocysts is expressed by the number of these letters:
one letter = single, two letters = sporadic (2-10), three letters = frequent (more than 10) and finally hyphen = none

Fig. 3. Typical postoperative ultrasound image. Muscular layer

(ML) after fat grafting is shown as a homogeneous structure with
significant lipomatous changes without oil cysts or fat necroses.
The pectoralis (PM) and the latissimus dorsi (LTD) muscles can be
distinguished according to the orientation of muscle fibers. There
are single medium size oil cysts (OC) in the subcutaneous layer (SL)

Suction drains were removed at around 6 postoperative
day (range, 5" to 8") when the fluid drainage from indi-
vidual drain was less than 20 ml per 24 hours and when the
patients were discharged from the hospital. The most com-
mon complication was seroma in the donor site (57.1%) and
the most serious complication was dorsal hematoma with
the need of early surgical revision. No fat grafting related
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complications were observed in either the recipient or the
donor site (Table 3).

Eleven patients required an additional session of lipo-
modelling to enhance final breast volume and to improve
breast shape while two sessions were need in 4 patients to
obtain desired results. Then, 3 patients required symimnetriz-
ing surgery because of contralateral breast ptosis (2 patients)
or relative hypertrophy (1 patient). Vertical scar mastopexy
or wise pattern reduction mammoplasty was performed in
these cases 3-6 months after breast reconstruction.

Postoperative ultrasound images were acquired for
10 patients. Specifically, number and size of oil cysts (oil
liponecrotic pseudosysts) and fat necroses were evaluated
separately for muscular layer (composed of pectoralis and
latissimus dorsi muscles) and for subcutaneous layer of the
reconstructed breast. We also evaluated maximal thick-
ness of these layers and also overall maximal thickness of
the reconstructed breast (Fig. 3, Table 4). Incidence and the
size of oil cysts and fat necroses were significantly lower in
muscular layer as compared with the subcutaneous layer.
The muscular layer after fat grafting appeared as a homo-
geneous structure with significant lipomatous changes in
comparison with normal skeletal muscle. The thickness of
the muscular layer was expanded in additional stages of fat
grafting. The resulting breast volume was made up mostly
of the muscular layer augmented by fat grafting.

Preoperative and postoperative photographs are shown
(Figs 4, 5). Satisfactory results were obtained and the scars
in the donor area were well hidden under the bra strap and
no contour defects were observed.

DISCUSSION

The breast reconstruction after mastectomy represents
an integral component of the complex oncological care of



Fig. 4. Patient 6: A 43-years-old women 48 months after
mastectomy and adjuvant radiotherapy. She refused to have

a scar on her abdomen. She underwent latissimus dorsi
breast reconstruction associated with fat grafting into the
pectoralis (40 ml) and latissimus dorsi (50ml) muscles, and
with abdominal advancement flap. Two additional sessions of
lipomodelling (205 and 130 ml) were performed to increase
breast volume. One resulting horizontal scar on the breast and
dorsal scar hidden in the bra. Preoperative and postoperative
frontal, oblique and dorsal views, follow-up 22 months
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Fig. 5. Patient 3: A 53-years-old women 18 mounts after mastectomy and adjuvant radiotherapy. She was not considered a good
candidate for a DIEP flap breast reconstruction because she was very thin and a strong smoker. She underwent latissimus dorsi breast
reconstruction associated with fat grafting into the pectoralis muscle (50 ml), and with abdominal advancement flap (allowing to
reduce the size of the skin paddle and thus the length of the scars on her back). One additional session of lipomodelling (255 ml) was
performed to increase breast volume. Preoperative and postoperative frontal and oblique views, follow-up 25 months
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Fig. 6. Histological examination of the muscles: (a) the pectoralis muscle after fat grafting with lipomatous changes, (b) the serratus
anterior muscle - the control sample from the same patient (without fat grafting). Haematoxylin eosin staining. Scale bar 100 pum.

breast cancer patients restoring physical and psychological
integrity and improving women'’s quality of life *°. Choice of
reconstructive technique is a multifactorial decision based on
several factors including patients’ age, body type, comorbidi-
ties, history of adjuvant radiotherapy and the size of contra-
lateral breast. This decision is considerably influenced by the
surgeons’ preference and experience. Implant based breast
reconstruction is generally associated with lower invasiveness
in the sense of donor site morbidity. In spite of that, autolo-
gous techniques are often preferred for the disadvantages of
using silicone implants (risks of infection, extrusion, rupture,
capsular contracture and a recently suggested association
with anaplastic large-cell lymphoma 7). The abdominal free
flaps and the latissimus dorsi flap are two most common
autologous techniques today. The abdominal free flaps are
often considered to be the gold standards for autologous breast
reconstruction. In our department, we perform approximately
130 abdominal free flap breast reconstructions per year repre-
senting approximately 80% of autologous reconstructions 2,

We believe that current approaches to breast reconstruc-
tion based on the latissimus dorsi flap represent valuable
alternatives for the patients who are not good candidates
for abdominal based flaps, or even primary option for the
patients who refuse to have a scar on the abdomen, or do not
wish to undergo more demanding microsurgical procedures
with the risk of flap loss. We also suggest the latissimus dorsi
flap as a preferable alternative to the abdominal free flaps
in patients with small skin excess in the lower abdomen
when the resulting scar is usually pushed upwards above the
edge of the underwear. In our department, latissimus dorsi
breast flap represents approximately 10% of all performed
autologous breast reconstructions.

Lindegren and the colleagues compared DIEP and la-
tissimus dorsi flaps breast reconstruction with regards to
the satisfaction with the aesthetic outcomes between the
patients and plastic surgeons. The patients were more sat-
isfied with latissimus dorsi flap reconstruction, which was
related probably to the donor-site scar. Surgeons favored
DIEP flap reconstruction with regards to the size and shape
of the breast 2.

Santanelli and colleagues have recently reported their
technique of latissimus dorsi flap volume expansion with

intraoperative fat grafting to the subcutaneous tissue of the
skin paddle of the latissimus dorsi flap as an alternative for
entirely autologous breast reconstruction. In their study, the
mean size of the harvested skin paddle was19.7x11.0 cm and
the mean injected fat volume was 101 ml 5.

We believe that too extensive harvest of skin paddle
may result in more obvious disfigurement in the donor site
area. Therefore, we have made an effort to minimize this
disfigurement and the size of the scar on the back; the size
of the skin paddle was up to 6 x 14 cm in the majority of the
patients. Instead, we supplemented latissimus dorsi flap
volume by adipose tissue from the areas where reduction
of volume was beneficial. Furthermore, we injected fat
into the pectoralis muscle. During our initial experiences,
quantities of transferred adipose tissue were small, but we
have gradually increased these quantities to 60 ml injected
into the latissimus dorsi and to 120 ml injected into pectoralis
muscles (see Table 1). We demonstrated that the capacity of
pectoralis muscle to accept volume of the fat graft is about
2 times higher. We believe that this capacity is related to
the initial thickness of the muscle layer while the pectoralis
muscle is noticeably thicker than the latissimus muscle.

Ultrasound did not reveal higher incidence of fat ne-
crosis in the muscular layer associated with the increasing
volumes of the fat graft. Furthermore, number of fat ne-
croses (cystoids) was significantly lower in muscular layer
comparing with subcutaneous layer (Figure 3, see Table
4). These findings indicate that skeletal muscle is suitable
and well-vascularized recipient tissue. Since the pectoralis
muscle is exposed during breast reconstruction, fat graft can
be applied under visual control, which enables application of
fat more evenly in layers and thus to transfer higher volumes
of adipose tissue. Analogically, fat graft is injected under
visual control during immediate breast reconstruction by fat
grafting 22, or without visual control during the secondary
reconstructions 7.

Skeletal muscle seems to be eligible recipient tissue for ad-
ipose tissue grafting because it contains natural adipocytes .
We had the opportunity to observe the pectoralis muscle in
the 49-years-old patient 6 months after application of fat
when we narrowed the breast base secondary after second-
ary breast reconstruction with lipomodelling (patient had
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skin excesses laterally because she had suffered from breast
hypertrophy before mastectomy). After obtaining informed
consents, we took small skeletal muscle samples (approxi-
mately 1 x 1 x 2 cm) from the pectoralis muscle after fat
grafting and from the serratus anterior muscle (without fat
grafting). Macroscopically, we observed lipomatous changes
of the pectoralis muscle. Subsequently, the samples of the
muscle were processed with the standard formalin - paraffin
technique. 4 um thick sections were cut with microtome,
routinely stained with haematoxylin and eosin, and evalu-
ated under thelight microscope. In both samples, muscular
component was well preserved. But we observed significantly
higher number of adipocytes (respectively areas of adipose
tissue) between muscle fibers in the sample taken form the
pectoralis muscle after fat grafting. In the muscle sample of
serratus anterior muscle from the same patient, we detected
only a small number of adipocytes (Fig. 6).

Adipocytes are found in the skeletal muscle naturally
and fat content within muscles increases with age and
atrophy and finally in paresis #. Therefore, it is possible
to understand the fat transfer into the muscle as an en-
largement of its “adipose component” rather than as an
application of tissue that in general does not belong to the
skeletal muscle.

Capacity of the donor site to accept the fat graft is closely
related to the initial volume of well-vascularized donor tis-
sues. We believe that the degree of volume absorption is
low when the transferred fat is covered by well-vascularized
tissue like skeletal muscle. Based on our experiences we
estimate the absorption about 30% in this case.

We can imagine a further increase in the quantity of
the transferred fat up to the maximum of 140-160 ml into
the pectoralis muscle and 60-70 ml into the latissimus dorsi
muscle in normal-weight or slightly overweight patients.
But we assume that the risk of complications associated with
poor engraftment of the fat could increase beyond an accept-
able level when transferred quantities were even higher.
According to our experience, the best results are obtained
in patients with BMI 20-26. Very thin patients usually have
thinner recipient muscles. Furthermore, these very thin pa-
tients may not have enough adipose tissue in the donor sites.

The lack of a control group is the weakness of our study.
Further prospective controlled clinical trials are needed to
confirm our findings.

CONCLUSIONS

Our new modification of breast reconstruction with
extended latissimus dorsi flap with immediate fat grafting
into the pectoralis and latissimus dorsi muscles is a safe and
reliable method for entirely autologous secondary breast
reconstruction. Pectoralis and latissimus dorsi muscles were
shown to be reliable and safe recipients for grafted fat. Fat
grafting into the pectoralis and latissimus dorsi muscles
during extended latissimus dorsi flap reconstruction allows
reconstructing additional breast volume. We believe that our
new concept may potentially reduce the number of required
additional lipomodelling sessions, which often follow latis-
simus dorsi breast reconstruction.
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SUMMARY

A variety of surgical techniques has been
used to correct hypoplastic breast malfor-
mations and deformities, including tissue
expanders, breast implants, custom chest
wall implants, mammary gland remode-
Iling, as well as locoregional or free flap.
Case series of successful breast recon-
struction using lipomodelling technique in
one patient with severe Poland’s syndrome
and two patients with tuberous breasts are
reported together with literature review.

No surgical complications were observed
and ultrasound examination did not reveal
any pathology in breast tissue other than
oil pseudocysts postoperatively. In both
malformations, submammary fold was
moved downwards. Moreover, the lower
part of the breast and areolar herniation
was corrected in tuberous breast, and in
Poland’s syndrome, the areolar complex
was significantly shifted downwards and
laterally. In comparison with other recon-
structive techniques, lipomodelling allows
for the breast correction to begin in early

adolescence. Further growth of the una-
ffected breast may be effectively corrected
by subsequent lipomodelling session. This
technique appears to change the overall
approach to the management of hypoplas-
tic breast and chest wall malformations.

KEYWORDS
Congenital, malformation, breast,

Poland’s syndrome, tuberous, constricted,
fat grafting, lipomodelling

INTRODUCTION

Congenital hypoplastic breast anomalies usually mani-
fest during puberty and may have a negative impact on
personal and social life of the young women. These patients
can suffer from feelings of inferiority, peer rejection, low
self-esteem and psychosocial dysfunctions. They may avoid
to participate in school and sport activities which results
as a negative impact on their psychosocial development*.

Poland’s syndrome is a chest wall deformity character-
ized by complete or partial absence of the pectoral major
muscle, often associated with ipsilateral upper limb mal-
formation. Alfred Poland described this condition in 1841
2, The incidence is globally estimated to 1 in 30.000 new-
borns. Males are more frequently affected with severe forms
then females, but less expressed form are more commonly
observed in female patients 3. Upper limb malformation
may be highly variable, although the most common are
soft syndactyly and hypoplasia of the middle phalanges of
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the hand. Fourcas demonstrated that hand malformation
was present in only 12% in Poland’s syndrome, and thus he
proposed classification of Poland’s syndrome based on the
degree of pectoral muscle hypoplasia, costal malformation
and breast hypoplasia 3 :

Crade 1: Minor malformation with pectoral muscle hypo-
plasia and with breast hypoplasia in female patients which
is expressed as discrete breast asymmetry

Crade 2: Moderate malformation with significant aplasia
of the pectoral major muscle, significant breast hypoplasia
or aplasia causing considerable breast asymmetry in female,
and potentially with moderate costal malformation

Crade 3: Severe malformation with complete pectoral
muscle aplasia associated aplasia of other muscle, breast
aplasia in female patients, thoracic deformity with major
costal malformation or sternal deformity. A major asym-
metry of the thorax is evident.

Mestak estimated that Poland’s syndrome represented
14% of hypoplastic breast anomalies *.



Session Breast volume before

Volume of transferred fat  Breast volume after

Breast volume resorption

surgery [mi] [ml] surgery [ml]
| Chest wall depression 187 Chest wall depression impossible to determine
(missing pectoral muscle) corrected exactly

Il 0 200 200 impossible to determine
exactly

Il 200

210
350
29%

v 350 245 500 39%

V 500 240 850 None (contrarily, there was
even breast volume increase
due to total weight gain)

Total 1082 850 21%

Table 1. Breast volume measurement by dipping the breast in a container filled with water. The overall fat resorption was 21%

Tuberous breast is a breast shape deformity which was de-
scribed under various names such as tuberous breast °, tubular
breast ¢, herniated areolar complex’ or narrow-based breast ®.
Deformity is caused by insufficient development of the breast
base when the preserved mammary gland is enveloped by
fibrous connective tissue called a constricting ring. Residual
central part of the gland is expanding during puberty and
thus typical tubular herniationof areolar complex may occur.
We use Grolleau’s classification that defines individual types
depending on which quadrants of the breast are undeveloped ® :

Type I: Only the lower medial
quadrant is deficient - lateral part
of the breast appears oversized in
comparison.

Type II: Both lower quadrants are
deficient and subareolar cutaneous
segment is short.

Type III: All four quadrants are
deficient and breast base is constrict-
ed both horizontally and vertically.
In typical forms, breast is shaped
like a tubercle.

Correction of hypoplastic breast
malformations is still challenging.
And variety of surgical approaches
has been described. The aim of this
paper is to demonstrate benefits of
lipomodelling technique based on
our case series and literature review.

PATIENTS AND METHODS

From January 2013 to January
2016, three patients with hypoplastic
congenital breast anomalies were op-
erated exclusively by lipomodelling ® 0.4 mm
in our department.

Preoperative care
Patients and their parents were
informed of the advantages and

drawbacks of lipomodelling procedures, its complications,
and potential risks. They also consented for postoperative
ultrasonography examination. On the contrary, ultra-
sound was an integral part of the preoperative examination
prior to the second or other following session of lipomodel-
ling procedures. A precondition for the next session of lipo-
modelling was benign finding on ultrasound examination
after a previous session of lipomodelling (BI-RADS 1 or 2)
with no significant fat necrosis. The main inclusion crite-
ria were sufficient adipose tissue deposits and stable

Fig. 1. Six months follow-up echography after the final lipomodelling session in the patient
with Poland’s syndrome showed a benign finding of homogenous tissue. Maximum
thickness of the soft tissue (measured from the ribs) was 40.4 mm
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Fig. 2. A 14 years old female patient with Poland’s syndrome grade Il on the left with
complete aplasia of the pectoral major muscle and significant breast hypoplasia.

Ll

Fig. 3. The patient with Poland’s syndrome - 13 months follow-up (after the last session
of lipomodelling) and 2 weeks after secondary mammoplasty

i |

Surgical technique

All the procedures were performed
under general anaesthesia by a single
surgeon (main author) and the result
was achieved in the following sessions.
Respecting patient’s wishes and adi-
pose tissue distribution, donor area
included the hips, lower abdomen,
trochanter area, inner thighs, inner
knees, and also the lumbar region.
Low-volume tumescent liposuction
was applied (500-750 ml of normal sa-
line with 1:500 000 of epinephrine)
according to the protocol of adipose
tissue harvesting for lipofilling *. We
used manual liposuction applying neg-
ative pressure by gradually withdraw-
ing the plunger of a 30-ml Luer-lock
syringe. We used harvesting cannulas
of 3.5 mm in diameter and 17 cm in
length (model PLA187, Pouret Medical,
France). Lipoaspirate was processed
by centrifugation at 1200g for 3 min-
utes at room temperature directly in
30-ml syringes. Upper oil layer and
bottom aqueous layer were removed
and complete adipose layer was used
for fat transfer.

Processed fat is applied to the tho-
racic recipient area through several
incisions that were made with the
sharp bevel of a 17-gauge trocar. 2-3
of them are usually placed in the sub-
mammary fold and 2 in areola. Purified
fat is transferred directly to the breast
region using 10ml syringes with spe-
cial 2mm transfer cannulas (PLA188,
PLA189, Pouret Medical, France). Fat
is injected in small quantities while
pulling the cannula out in many direc-
tions. Transfer is done from deep to
a superficial layer. Each microtunnel
must be designed to be surrounded by
a well-vascularized tissue to avoid cre-
ating areas of fatty pools, which could
result in fat necrosis. It is essential
to overcorrect volume of injected fat,
if it is allowed by recipient tissues.
Absorption of around 30-40% of the
transferred volume can be expected.
On the contrary, when the recipient
tissues are saturated, further fat in-
jections can cause development of fat
necrosis. Itis better to schedule an ad-
ditional session rather than disregard
saturation of the tissues.

Multiple fasciotomies with 17-gauge
needle are the advanced modeling el-

weight preoperatively. Contraindication for the surgery ements that allows to release subcutaneous fibrous septa
was positive family history of breast cancer, ovarian can- percutaneously and thus enables to move the submammary
cer in first degree relative or patients with a confirmed fold downwards, sculpture the lower part of the breast, cor-
mutation in BRCA 1,2 gene. Preoperative photographs rectareolar herniation in tuberous breast and finally to shift
were taken. areolar complex downwards in Poland’s syndrome.
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Follow-up

All the patients were examined 1)
clinically 2 weeks postoperatively after
each session of lipomodelling, 2) clini-
cally and by ultrasound shortly before
next session of lipomodelling, and
finally 3) clinically and by ultrasound
at least 6 months after final session
of lipomodelling. Photographs were
taken during each follow-up visit. We
evaluated a number of lipomodelling
sessions, volumes of transferred fat
and degree of fat resorption. The size,
and the number of fat necrosis were
evaluated on sonography by a single
radiologist.

RESULTS

From January 2013 to January 2016,
three patients with hypoplastic con-
genital breast anomalies were operated
exclusively by lipomodelling in our de-
partment (1 patient with Poland’s syn-
drome, 2 patients with tuberous breast).
Average of 2 sessions of lipomodelling
were needed for achieving desired size
of the breast in a correction of tuberous
breast deformity and 5 sessions for the
breast reconstruction in Poland’s syn-
drome. The minimum time interval
between individual surgeries was 3
months. Mean follow-up was 15 months
(6-26 months). We achieved breast with
a natural appearance and consistency
with a bra cup size B-D. We observed
no surgical complications; there was
not any palpable masses in the breast
after lipomodelling.

Before the second and every subse-
quent session, preoperative ultrasonog-
raphy examinations have showed ho-
mogeneous tissue of the operated breast
with several small zones of cystoids (oil
liponecrotic pseudosysts) or fat necrosis
up to 12 mm in diameter, which did not
correlate with the clinical examination.
The thickness of soft tissue of the breast
was gradually increasing between in-
dividual sessions. Postoperative echog-
raphy at least 6 months after the final
session of lipomodelling showed the
same benign findings of homogenous
tissue with several isolated zones of li-
ponecrosis BI-RADS 1-2 as it is described
above (Fig. 1).

CASE SERIES

Fig. 4. A 17-year-old patient with tuberous breast malformation on the left and with
a ptotic right breast

‘H

Fig. 5. The patient with tuberous breast malformation on the left after 2 sessions of
lipomodelling and contralateral vertical mastopexy with augmentation by fat grafting in
décolleté area - 6 months follow-up

toral major muscle and significant breast hypoplasia was
treated at our department. Degree of breast asymmetry

Case 1: 14-year-old patient with Poland’s syndrome  was enhanced by breast hypertrophy on the right side
A 14-year-old female patient with Poland’s syndrome (Fig. 2). Breast reconstruction was performed with lipo-
grade II on the left side with complete aplasia of the pec- modelling technique only. The aim of the first session
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Fig. 6. A 19-year-old patient with bilateral tuberous breast deformity

fat at one session was 216 ml. Last
lipomodelling session was performed
in the age of 15 years together with
central pedicle mammoplasty of the
right breast with reduction of 200g.
We evaluated reconstructed breast
volume after a second lipomodelling
session - the patient was asked to
measure breast volume by dipping
the breast in a container filled with
water. Overall fat resorption was
21% (Table 1). The submammary fold
and areolar complex were shifted
downwards successfully using fasci-
otomies. Moderate asymmetry 1 year
after the surgery (given by a further
growth of the right breast) was cor-
rected by secondary mammoplasty of
the right breast (Fig. 3).

Case 2: 17-year-old patient with uni-
lateral tuberous breast

A 17-year-old patient with tuber-
ous breast malformation Type II on
the left side and with a ptotic right
breast (grade 2) underwent surgery at
our department (Fig. 4). Correction
of tuberous breast deformity was per-
formed in two lipomodelling sessions
(240 and 220 ml of fat) at 3-month
interval. Superior pedicle vertical
mastopexy with augmentation by fat
grafting (70 ml) in décolleté area was
performed on the right ptotic breast to-
gether with the second lipomodelling
session. Overall fat resorption as esti-
mated by the patients was about 30%.
Satisfactory breast shape and degree of
breast symmetry with minimum scars
was achieved and the patients were
very satisfied with the result (Fig. 5).

Case 3: 19-year-old patient with bi-
lateral tuberous breast deformity
A 19-year-old patient with severe
breast asymmetry caused by bilateral
tuberous breast deformity underwent
surgical correction in our department.
There was Type III tuberous breast
malformation on the right and Type
II deformity with the hypertrophy of
the residual mammary gland on the
left (Fig. 6). Correction of tuberous
breast on the right was performed in
two lipomodelling sessions (440 and
230 ml of fat) at 3-month interval. On

Fig. 7. The patient with bilateral tuberous breast deformity after 2 sessions of lipomodelling and the left, tuberous breast deformity was

contralateral vertical mastopexy - 3 months follow-up

was to correct chest wall depression caused by the pectoral
muscle aplasia. The breast was reconstructed in a total of 5
lipomodelling sessions. The average volume of transferred
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corrected by superior pedicle vertical
mastopexy. Satisfactory breast shape
and degree of breast symmetry was
achieved 3 months postoperatively (Fig. 7). The patient got
pregnant soon after. She was not able to breastfeed but
there was hypertrophy of the left breast six months after



childbirth. Patient presents finally
with moderate asymmetry 26 months
postoperatively caused by a persistent
hypertrophy of the left breast (Fig. 8).
Patient is satisfied with the result and
she does not wish any other correction
in this moment.

DISCUSSION

Coleman codified and made the
technique of autologous fat injection
popular 2 which is now widely em-
ployed in plastic and aesthetic surgery.
Delay popularized the technique in
plastic, reconstructive and aesthetic
surgery of the breast and considerably
expanded the indications for lipomod-
elling technique %%, The technique is
now well established and the complica-
tion rate is very low 10719,

A variety of surgical techniques
has been used to correct chest wall
and breast deformity in Poland’s syn-
drome, including tissue expanders,
breast implants, custom chest wall
implants as well as locoregional or free
flap, which may be combined if neces-
sary. Complete breast reconstruction
by lipomodelling in Poland’s syndrome
was first performed in 12-year-old patient with severe chest
wall deformity by Delay in 2001. 5 sessions of lipomodelling
were required to obtain satisfactory result -2, Due to very
good results obtained, Delay proposed this reconstructive
option to other 10 patients with Poland’s syndrome until 2011
2 The average age of the patients was 16 years (12-24 years),
number of lipomodelling sessions was 2.9 (1-5) with average
255 ml of injected fat. No surgical complication was observed.
Until 2013, total breast reconstruction using lipomodelling
technique was performed in 23 patients by the same surgeon
10, Pinsolle and colleagues presented case series of 7 patients
in which fat grafting was used more as a complementary
technique to other reconstructive techniques #. Derder and
colleagues documented 2 cases of total breast reconstruction
using lipomodelling technique in 17- and 19-year-old patients
with satisfactory results .

A range of surgical techniques has been used to correct
breast shape and volume in tuberous breast, including
a combination of skin plasty and mammary gland remod-
eling, as well as prostheses and locoregional flaps. Among
them, lipomodelling has been shown as advanced minimally
invasive technique popularized by Delay and Coleman 02147,
Delay demonstrated in series of 31 patients that lipomodel-
ling is reliable and safe technique of tuberous breast correc-
tion with excellent long lasting natural results. A single ses-
sion was required in 45% of the patients with mean transfer
volume of 158 ml (50-253 ml), the second session was needed
in 55% of the patients with mean transfer volume of 226 ml
(100-316 ml). No complications were observed postoperatively
and 6 months later ultrasound examination did not reveal
any anomalies other then oil cysts . Satisfactory results of
tuberous breast correction were documented also by Derder
(series of 3 patients) ! and by Klit (in series of 8 patients) .

Fig. 6. A 19-year-old patient with bilateral tuberous breast deformity

We believe that fundamental principle of lipomodelling
technique, which prevents the formation of fat necrosis, is to
respect the capacity of recipient tissue for fat graft. Fat graft
must be surrounded by vascularized tissue. Therefore, we
consider the initial volume of recipient soft tissues to be es-
sential criteria determining the capacity of recipient tissues.
In hypoplastic breast anomalies, we proposed to transfer
lower volumes during initial lipomodelling session, espe-
cially in correction of Poland’s syndrome deformities with
hypoplasia or aplasia of the pectoral muscle. Nevertheless,
the mean transfer volumes in our case series was 216 ml
(187-245 ml) for the correction of Poland’s syndrome and 283
ml (220-440 ml) for the correction of tuberous breast, which
were much higher in comparison with Delay 's studies 2,
No surgical complication was observed postoperatively and
ultrasound examination 6 months later did not reveal any
abnormalities other then oil cysts in our case series.

The key to achieve the desirable results is to use advanced
modeling elements, the most important of which are mul-
tiple fasciotomies # that is well documented in our case
series. In both malformations, the submammary fold was
moved at least 2-3 cm downwards (see Figures 2-8). Moreover,
the lower part of the breast was sculptured and the areolar
herniation was significantly improved in the patients with
tuberous breast (see Figures 4-8) and on the other hand in
Poland’s syndrome, the areolar complex was moved 3-4 cm
downwards and laterally successfully (see Figures 2 and 3).

Main advantages of lipomodelling technique are accentu-
ated in young patients with hypoplastic breast malforma-
tion: 1) minimal invasiveness with aesthetic benefit in donor
site, 2) minimal extent of the scars on the breast, 3) short
recovery time, 4) implant free procedure with no associated
risk of infection, extrusion, rupture, capsular contracture
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and recently suggested association with anaplastic large-
cell lymphoma, and no needs of implant exchanging in
the future.

We believe that lipomodelling allows for the breast cor-
rection to begin in early adolescence because further growth
and development of the unaffected breast may be effectively
corrected by subsequent session of lipomodelling - autolo-
gous and minimally invasive procedure. Furthermore, these
young patients can considerably appreciate even partial
improvement of their asymmetry after the first session(s)
of lipomodelling. More difficult is the timing of possible
mastopexy or breast reduction of the contralateral breast
if it is required. If accepted by the patient, we recommend
performing this surgery from the age of 18 years, when the
breast volume is more stable. On the other hand, secondary
mammoplasty is not associated with additional anesthesia,
if the primary mammoplasty is performed in one session
with the final session of lipomodelling.

CONCLUSION

Lipomodelling is advanced and minimally invasive tech-
nique for the correction of congenital hypoplastic breast
malformation without need of a silicone implant. In our case
series, we confirmed safety of this therapeutic approach.
No surgical complications were observed and ultrasound
examination within 6 months postoperative did not reveal
any abnormalities other then oil cysts in our case series.
Submammary fold was moved downwards, the lower part
of the breast and areolar herniation were corrected in tu-
berous breast and finally areolar complex was effectively
shifted downwards and laterally in Poland’s syndrome.
Lipomodelling allows breast correction to begin in early
adolescence because further growth of the unaffected breast
may be effectively corrected by subsequent session of lipo-
modelling. This technique appears to change the overall
approach to the management of hypoplastic breast and chest
wall malformations.

Declaration of interest; The authors report no conflict
of interest. The authors alone are responsible for the content
and writing of this article.
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ABSTRACT

Based on long-term experiences, the authors
consider lipomodelling to be a major advance
in plastic, reconstructive and aesthetic sur-
gery of the breast. The technique is now well
established and the complication rate is very
low. The risk of focal fat necrosis is around
3%. Oncological follow-up (now 14 years for
the first patients) shows no increased risk of
local recurrence or development of a new
cancer. 30-40% of the injected fat is ab-
sorbed. Volume of the breast becomes stable
in 3to 4 months and remains definitive if the
patient maintains constant weight.

Because of very good results obtained and
excellent acceptance of the procedure by
the patients, this technigue has completely
modified our indications. In breast recon-

struction, lipomodelling with autologous
latissimus dorsi flap enables obtaining an
entirely autologous breast in the majority of
the patients. Analogically, lipomodelling can
improve results of implant reconstructions,
especially if the expander or the implant is
planned to be exchanged. Lipomodelling
is an effective tool for correction deformi-
ties especially in the décolleté after breast
reconstruction with abdominal flap (DIEP,
SIEA and TRAM).

Lipomodelling is also progressively used in the
correction of breast and chest wall deformities.
In Poland syndrome, this technique appears to
be a major advance that will probably revolu-
tionize the treatment of severe cases. This is
mainly due to its ability to achieve previously
unachievable quality of reconstruction with
minimal scaring. The application of lipomod-

elling in the treatment of pectus excavatum
deformities is promising. Lipomodelling rep-
resents an advanced therapeutic alternative
for tuberous breasts without the need to use
an implant, as well as for breast asymmetry
due to unilateral hypoplasia. Lipomodelling is
an ideal option for cosmetic breast augmenta-
tionin patients who wish to achieve moderate,
natural enlargement of breasts and who have
considerable fat deposits.

KEYWORDS

breast; lipomodelling; lipofilling; fat;
harvesting; preparation; transfer;
reconstruction; radiotherapy;
malformation; augmentation; tuberous
breasts; Poland syndrome; pectus
excavatum

INTRODUCTION

Transferring fat from an area where it is present in ex-
cess to the breast in order to improve its shape and volume
is not a new idea. Illouz, the author of liposuction (1), used
fat from adipose deposits to increase the volume of the
breast in 1983. Similarly, Bircoll described his technique of
breast augmentation by fat injection in 1987 (2, 3, 4). Many
surgeons were sceptical with regards to this technique, since
the principles enabling fat transfer with little likelihood of
focal fat necrosis were not established (5, 6). In addition,
breast imaging was less advanced than it is today, and any
swelling in the breast raised a potential diagnostic diffi-
culty. The fact that injections of fat to a native breast could
produce microcalcifications and result in development of
cysts was the reason why the American Society of Plastic
and Reconstructive Surgeons (ASPRS) was refused the use
of autologous fat injection in breast augmentation in 1987.
These statements were made without any references or sci-
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entific studies and were based on the opinion of the ASPRS
committee members. Due to this prohibition, research and
experimental studies in this field were stopped. Ironically,
aretrospective study of mammographic changes after breast
reduction that reported calcifications in 50% of cases at
2 years was published in the same journal at the same time
(7, 8). In spite of that there was no discussion regarding the
possibility to abandon breast reductions due to the risk of
interference with breast cancer detection.

Interest in fat injection reawakened in the early nine-
ties following the work of Coleman (9, 10), who confirmed
that fatty tissue could be transferred satisfactorily if a strict
protocol for fat preparation and injection was respected.
Based on this work, we started our own research in 1998,
aiming to evaluate fat transfer in the chest wall and breast.
Our research enabled to develop this technique further and
we called it lipomodelling (11). We were able to evaluate its
efficacy and tolerance and to show that it is free of adverse
clinical or radiological effects. We developed the technique
of autologous breast reconstruction by latissimus dorsi flap



Fig. 1a.  Fat harvesting and preparation. Harvesting with the
harvesting cannula fitted directly onto the 10 ml Luer
Lock® syringe; preoperative view

Fig. 1Tb.  The syringe is sealed with a screw top

and lipomodelling without the need of an implant (12, 13,
14, 15). The protocol was initially proposed for volunteer
patients who agreed to undergo strict follow up. According
to our findings that this technique was extremely effective
and free of any adverse effects, we extended the indications.
In the same time we performed mammography, ultrasound
and MRI studies (16). Then we progressively extended the

Fig. 1c.  Centrifugation of the syringes in batches of 6

Fig. 1d. Centrifugation separates fat into 3 layers. Only the
middle layer of purified fat will be retained

indications of lipomodelling to breast reconstruction in vari-
ous contexts, to breast deformities, and then also to cosmetic
breast surgery. Gino Rigotti, Italy, in 2002 started to use fat
transfer in the breast, especially for the consequences of pre-
vious radiotherapy. His work is now well known worldwide,
especially due to his article in the Plastic and Reconstructive
Surgery 2007 in which he confirmed the effectiveness of fat
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Fig. 1d.  Transfer from one syringe to another, using a 3-way
tap to obtain 10 ml syringes containing pure fat

Fig. 2a. Fat transfer. Disposable cannula designed for fat inje-
ction in lipomodelling and incisions in the breast with
17-gauge trocar; preoperative oblique view

transfer on the consequences of radiotherapy, and he empha-
sized the effectiveness of fat because of the contribution of
stem cells (adipose tissue-derived stromal cells [ADSCs]) (17).
Roger Khouri had the idea to combine the fat transfer with
the use of the external vacuum expansion system Brava® that
heinvented in the late nineties (18). Many studies have now
confirmed the efficacy of fat transfer to the breasts and for
other various applications. An international scientific society
called ISPRES (International Society of Plastic Regenerative
Surgery), in which we are the founding member, has been
established to explore the many possible applications of fat
transfer. Its first meeting took place in Rome in March 2012.
Fat transfer is currently accepted as a part of the armamen-
tarium in breast reconstruction, for the consequences of
conservative management, deformities of the breast and
breast hypotrophy, and it is considered to be highly effective
by the scientific community (19, 20).

The main aim of this paper is to present the advanced
breast lipomodelling technique that we developed thanks
to the long-term experiences and to review its success rate,
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Fig. 2b. Demonstration of the principle of fat transfer: fat
is injected while the cannula is gently withdrawn,
leaving a fine cylinder of fat resembling spaghetti;
postoperative oblique view

Fig. 2c.  Principles of fasciotomies using 17-gauge trocar

complications, radiological and oncological aspects and
indications.

SURGICAL TECHNIQUE

Patient preparation and anaesthesia

Patients obtain information about the operative tech-
nique and potential risks and complications and receive an
information leaflet. It is important that the patient’s weight
was stable at the time of the procedure, as the injected fat
retains the memory from the area of its origin (if the patient
loses weight after lipomodelling, she will lose some of the
benefits of the procedure).

The various adipose areas of the body are examined to
determine the distribution of the fat deposits. In general,
abdominal fat is used first because harvesting from this
area does not require any change in the patient’s position
during the procedure and its removal is appreciated by
the patients. The secondary sites include abdomen sides,
trochanteric region and the inside of the thighs and knees.



The harvesting areas as well as the areas of the breast that
require correction are marked.

Prophylactic antibiotics are usually given preoperatively.
No specific antibiotics are prescribed in case of lipomodel-
ling. Lipomodelling is performed under general anaesthesia
in the majority of patients. Local anaesthesia can only be
used for minor revisions to correct any residual defect.

Fat harvest and fat preparation

Harvesting sites are infiltrated (500ml saline with 1mg
of epinephrine). Incisions are made with a scalpel with
No. 15blade. For abdominal harvesting, 4 incisions are made
around the navel and a lateral incision on each side if lateral
abdominal and supra-iliac fatis to be harvested. For harvest-
ing of fat from the thighs, an incision is made in each subglu-
teal fold, and often on the inside of the knees as well.

Special cannula with a blunt tip is used for the fat har-
vest (PLA 187, Pouret Medical, Clichy, France). Harvesting is
done manually using a syringe. The 10 ml Luer Lock syringe
is fitted directly on to the harvesting cannula. Suction is
moderate (Fig. 1a) to minimize damage to the adipocytes.
Excessive mechanical suction could have a harmful effect
on adipocyte survival. Enough fat must be harvested to
compensate for loss during centrifugation and for absorp-
tion after fat injection.

The assistant prepares the syringes for centrifugation
during the simultaneous fat harvesting procedure. They
are sealed with a screw top (Fig. 1b) and then centrifuged in
batches of six (Fig. 1c) for 20 seconds at 3200 rpm.

Centrifugation separates the harvested fat into three
layers (Fig. 1d):

- the top layer of oily fluid containing chylomicrons and
triglycerides resulting from cell lysis,

- the lower layer of blood residues and serum, as well as the
infiltration fluid,

- the middle layer of purified fat. This is the useful layer,
which will be injected. The other two layers are discarded,
the lower layer simply by removing the top, the upper layer
by pouring off the oil which covers the middle layer.

The team must be well organized so that the fat can be
prepared efficiently and rapidly. Using a three-way stopcock,
the purified fat can be pooled in 10 ml syringes, by transfer
from one syringe to another (Fig. le).

We use infiltration with diluted Ropivacaine at the end
of the harvest to control pain in these sites during the first 24
hours. At the end of the procedure, a compressive Elastoplast
dressing is applied for five days.

Fat transfer

At the recipient site on the breast, if previous scars are
already present, we try to make an incision along the same
lines. Several incisions are made in order to create a hon-
eycomb of multiple microtunnels for fat transfer. Two of
them are usually placed in the submammary fold, two in
areola and one is often in the décolleté area. The incisions
are usually made with the sharp bevel of a 17-gauge trocar.
This makes an adequate incision while limiting scar con-
sequences, which will be shaped as a hole and virtually
invisible (Fig. 2a).

Purified fat is transferred directly to the breast region
using 10ml syringes with special 2mm transfer cannulas
(PLA188, PLA189, Pouret Medical, Clichy, France). Fat is
injected in small quantities, in the form of fine cylinders

resembling spaghetti (Fig. 2b). Microtunnels must be cre-
ated in many directions. Transfer is done from deep to
superficial plane. Good spatial visualization is necessary to
form a sort of three-dimensional honeycomb, to avoid creat-
ing areas of fatty pools, which could result in fat necrosis.
On the contrary, each microtunnel must be designed to be
surrounded by well-vascularized tissue. It is necessary to
know how to overcorrect the quantity of fat injected, if it is
allowed by recipient tissues, as absorption of about 30-40%
of the transferred volume can be expected.

When the recipient tissues are saturated and cannot
absorb additional fat, it is useless to continue, because of
the risk to induce areas of fat necrosis. It is better to plan
an additional session rather than disregard saturation of
the tissues. Incisions are sutured using very fine suture
material.

Technique of multiple fasciotomies performed with
17-gauge trocar is one of the advancement of lipomodelling
technique. Fasciotomies may release scars, enable moving
the submammary fold downwards and sculpture the lower
part of the breast if required (tuberous breast) (Fig. 2c).

Postoperative care

Pain in the harvesting areas resembles pain after liposuc-
tion and it is greater than in recipient breast areas. Patients
complain of pain for 48 hours, which can be treated with or-
dinary analgesics. Infiltration of harvesting areas by diluted
Ropivacaine helps to control pain during the first 24 hours.
Class 1 analgesics are prescribed for about two weeks.

In the harvesting areas, compressive Elastoplast dress-
ing is left for five days. An abdominal supporting belt may be
advisable for six weeks but it is not prescribed systematically.
Bruising is very marked and persists for about three weeks.
Postoperative oedema subsides totally or almost totally in
three months. To accelerate absorption of oedema, we ask
patients to massage their harvesting sites with a circular
motion.

In the breast, bruising resolves in about two weeks.
Oedema resulting from the procedure resolves in about
one month. During the first three post-operative months,
30-40% of the transferred volume is gradually lost, but the
patient may have the impression that she has lost about 50%
because of the oedema, as she sees the result the day after
the procedure when the breast is most swollen.

LONG-TERM FOLLOW-UP

Based on the first author’s personal experience of 1440
interventions from 1998 to May 2012, and with a 14-year
follow-up of the first patients, reliable indications on long-
term follow-up can be given.

Clinical follow-up

All patients were clinically followed up and reviewed
after 15 days, 3 months and 1 year. Photographs were taken
at each visit. A detailed follow-up protocol was used, the
goal of which was to assess the quality of the result from the
patient’s and the surgeon’s viewpoint, patient satisfaction
and any adverse effects or complications.

The results were considered very good or good in the
majority of the cases. Very few results were considered
moderately good and none as poor. The percentage of good
or very good results depends on the sub-population studied
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inrelation to the indications. For example, out of 200 breast
reconstructions with extended latissimus dorsi flap and
lipomodelling, there were 20% of patients satisfied or 80%
of patients very satisfied with the results and 4,5% were
rated by the clinical team as satisfactory and 95,5% as very
satisfactory (no poor results were reported) (15). In case of the
lipomodelling correction of the consequences of conservative
management there were 50% very good, 40% good and 10%
moderate results (21).

Radiological follow-up

We carried out three radiological studies (mammogra-
phy, ultrasound, MRI): imaging of breasts reconstructed
by autologous latissimus dorsi flap and lipomodelling (16),
imaging of conservatively managed breasts after lipomodel-
ling (22), and imaging of breasts augmented by lipomodelling
(asymmetry, tuberous breasts, Poland syndrome) (23). Our
findings have shown that if lipomodelling was carried out in
accordance with modern principles of fat transfer, it had no
effect on breast imaging. The prerequisite to achieve these
results is a collaboration of an experienced surgeon with
a specialized radiologist.

Imaging in the majority of reconstructed breasts was
normal, with some images of oily cysts and fat necrosis.
All of the images demonstrated benign lesions that could
be easily distinguished from suspicious lesions. Abnormal
images were essentially oily cysts, occurring in 15% of
cases. The most complex situation concerned lipomodel-
ling for the consequences of conservative management,
since this population develops fat necrosis already in about
20% of patients following conservative management, and
lipomodelling doubles this rate by generating mainly oily
cysts and sometimes more complex lesions of fat necro-
sis. Due to the spontaneous local recurrence rate of 1.5%
per year, follow up must be careful. We believe that this
indication should be restricted to multidisciplinary teams
working with radiologists. Radiological follow-up of breast
augmented with fat grafting is not problematic - micro-
calcifications were observed in 16% of mamimograms; mac-
rocalcification in 9%; well focused images of cystic lesions
in 25%. There was no significant difference between breast
density before and after fat injection demonstrated in our
previous retrospective study (23). Others papers showed no
statistically significant differences between the number
of these lesions in the breast after fat transfer and in the
breast after a reduction mammoplasty, which is a widely
accepted procedure (8).

Oncological long-term follow-up

14 years of oncological follow-up have not revealed an
increased risk of local recurrence after mastectomy or af-
ter conservative management. Oncological outcome of
646 lipofilling procedures in 513 patients was evaluated
in a recent multicenter study (24). 370 mastectomy and
143 breast conservative surgery patients were included (405
of them (78.9%) had a diagnosis of invasive carcinoma and
108 (21.1%) of carcinoma in situ). The overall oncological event
Tate was 5.6% (3.6% per year). Locoregional event rate was
2.4% (1.5% per year). A prospective clinical registry includ-
ing high volume multicentre data with a long follow-up is
warranted to demonstrate the oncological safety. Until then,
lipofilling should be performed in experienced hands and
a careful oncologic follow up protocol is advised.
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Fig. 3.

Patient aged 55 years. Poor result after skin-sparing
mastectomy and one-stage immediate autologous la-
tissimus dorsi breast reconstruction on the left. Results
3 months after 470 ml one-stage lipomodelling, still
a bit over-corrected

a) preoperative view

b) preoperative oblique view

C) postoperative view

d) postoperative obligue view



There are no studies to show a higher risk of breast cancer de-
veloping after lipomodelling of otherwise healthy breast (breast
augmentation, tuberous breasts, Poland syndrome) (25).

EVALUATION OF THE SUCCESS RATE

The success rate is fairly easy to evaluate by clinical
examination, the patient’s opinion, and comparison of
the photographs taken at each consultation with previous
photographs. 30-40% of the volume gained by fat transfer is
gradually lost after the first lipomodelling session. Volume
is stable after 3 to 4 months and remains stable if the patient
maintains constant weight. If the fat harvested is very oily
(a very high percentage of oil after centrifugation), absorp-
tion may be higher (40-50%) and may continue over a longer
period (up to 5 to 6 months). If there is a second fat transfer,
absorption is lower (20-30%) (26).

If the patient loses weight, the volume of transferred
fat decreases and the resulting smaller breast size may lead
to asymmetry. It is therefore important for the patient to
understand that she must maintain a stable weight. On the
other hand, if she gains weight, breast volume increases in
correspondence with the fat from the adipose deposit. When
a second session is required to obtain sufficient fullness,
absorption seems to be lower, between 20 and 30%.

Very long-term evaluation (5 or 6 years) confirms that
volume remains stable. If breast asymmetry returns af-
ter weight loss (for example after discontinuation of anti-
hormonal treatment as adjuvant therapy of breast cancer),
a complementary lipomodelling session can easily be per-
formed. This technique thus offers a flexibility and preci-
sion for long-term revision that is much appreciated by the
patients (19).

COMPLICATIONS

Irregularities at the donor site may be due to uneven
harvesting of the fat deposit, therefore harvesting is some-
times supplemented with liposuction in order to improve
the result and to achieve greater patient satisfaction. The
majority of patients are satisfied by the loss of excess fat,
and this secondary advantage probably contributes to the
very high satisfaction rate with this technique.

Local infection occurred in only one of the 1440 lipomod-
elling procedures. This was seen as redness around the navel
and was treated without difficulty by antibiotics and local
application of ice, with no long-term consequences.

In the breast, the scars must be well placed, in the sub-
mamumary fold or in its axillary prolongation, or in the areo-
larregion where scars are always less visible. The sternal area
should be avoided due to an increased risk of hypertrophic
scarring, presenting as small red hypertrophic punctate
scars. The incisions are usually virtually invisible.

10 infections occurred among the 1440 lipomodelling
procedures of the breast and chest wall. They presented as
redness of the breast. Removal of sutures, topical treatment,
antibiotics and the application of ice completely resolved the
problem with no impact on the final result.

We had one case of intra-operative pneumothorax
(1 case in 1440 procedures). A pleural drain was inserted and
oxygen saturation returned to normal with total recovery
and no later consequences. To avoid this complication,
projection of the areolar region should be improved via two

incisions in the submammary fold rather than via the are-
olar region itself.

We experienced no case of fat embolism. There could be
ariskif fat was injected in a large vessel. Extreme caution is
recommended in the subclavian area. In particular, in case of
the breast and chest wall deformities in Poland syndrome the
subclavian vessels may be located lower than normally.

Local clinical fat necrosis is observed in 3% of cases if
lipomodelling is performed by an experienced surgeon. The
risk may be higher during the surgeon’s early experiences. In
these cases, the recipient areas were probably oversaturated
by large amount of fat. When the recipient tissue is saturated
with fat, the surgeon should not continue with application
of fat, since there is a risk of fat necrosis development. Such
areas have typical features: mild tenderness and they are
stable over time or gradually decreasing. Any increase in
the size of the hard swelling, even in a reconstructed breast,
should be subject to microbiopsy performed by a radiologist
in order to rule out a malignant change (19).

INDICATIONS

Lipomodelling of the breast and chest wall is a tech-
nique, which currently has numerous indications. After
breast reconstruction, it can be used whenever a localized
defect requires correction or additional volume. The décolleté
area is ideal for fat injection. Lipomodelling improves the
volume, shape, projection, feel and silhouette of the breast.
After flap reconstructions, fat transfer can add considerable
volume and it preserves the entirely autologous nature of
the reconstruction. In breast and chest wall deformities, fat
injection enables to achieve very natural reconstructions,
without an implant or a flap, that cannot be obtained with
conventional techniques. In aesthetic surgery of the breast,
fat transfer eliminates the need for an implant (augmenta-
tion, mastopexy with a slight lack of fullness of the upper
pole of the breast) or can correct certain defects of implant
augmentations.

Lipomodelling after autologous
latissimus dorsi breast reconstruction
Autologous reconstruction avoids the complications
of implants and the flap can be adjusted to form a breast
resembling the opposite breast that will be stable over time
and will be integrated better into the patient’s body image.
The autologous latissimus dorsi flap (11, 12, 13, 14, 16) has
gradually replaced the abdominal flap reconstruction over
the last ten years in our department, as the postoperative
course is simpler and it makes better use of local thoracic
tissue, avoiding a patch effect on the breast. Lipomodelling
of a breast reconstructed by autologous latissimus dorsi
flap offers numerous advantages: the reconstruction is still
entirely autologous, cost is relatively low, the technique is
reproducible and the procedures can be repeated if the result
isnotadequate, the breast has a natural appearance and feel
and it is symmetric to the opposite breast, and finally there
is the secondary advantage of removing patient’s displeasing
fat by suction. Combination of abdominal advancement flap
with latissimus dorsi reconstruction may reduce the number
of horizontal scars (to only one) in secondary cases before
lipomodelling (27). An immediate nipple reconstruction may
be performed in one session together with immediate breast
reconstructions before lipomodelling (14).
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The autologous latissimus dorsi flap is the most suitable
tissue to receive fat transfer as it is very well vascularized and
very large quantities of fat can be injected. Mean volumes of
200 ml and up to 450 ml per breast and per session in a single
session have recently been injected with very good results.
The autologous latissimus dorsi flap can now be considered
to be an auxiliary method that prepares the breast recipient
site for future lipomodelling. We can proceed with lipomod-
elling quite early (after 3 months), before muscle atrophy is
maximal, in order to take the advantage of the volume effect,
which allows the area to accept sufficient fat.

This technique is well accepted by the patients, who
can see its efficacy and clearly understand its concept. The
morphological results are objectively considered as very
good (Fig. 3) and the patients are very satisfied with this
procedure, which improves the reconstructed breast and
reduces unaesthetic fat deposits. From our experience, the
autologous latissimus dorsi flap in combination with lipo-
modelling now makes implant-free reconstruction possible
in the vast majority of cases (15, 22, 23). Only few patients
with no adipose deposits suitable for harvesting cannot
benefit from this technique.

Lipomodelling of the implant-
reconstructed breast

The fat may be transferred to the décolleté area (upper
medial part of the breast), where lipomodelling is mainly
intrapectoral. When lipomodelling is performed during
replacement of an implant, fat is injected between the skin
and the capsule. Laterally, fat is injected between the skin
and the capsule and this can only be done when the implant
isexchanged. The best results are obtained when lipomodel-
ling is combined with implant replacement. Smaller quanti-
ties are injected, from 50 to 150 ml. As the tissue is less well
vascularized than the autologous latissimus dorsi, it must be
slightly less saturated with fat to ensure satisfactory survival
of the transplant.

Theresults in our series revealed no complication inher-
ent to this technique, bearing in mind that if lipomodelling
approaches close to the implant, we advise that it should be
systematically exchanged to avoid the risk of leaving an im-
plant that could have been damaged by the transfer cannula
(11, 20, 28). We found that the technique was well accepted
by the patients and that both patients and the surgeons were
highly satisfied. It does in fact provide results that could not
be obtained by the use of an implant alone. Lipomodelling
seems to reduce the risk of capsular contracture, but as yet
we have no statistical evidence.

Lipomodelling of the TRAM and
DIEP flap reconstructed breast

Although numerous authors consider the TRAM flap
as the technique, which gives the best results in breast re-
construction, defects may also develop after its use. These
include asymmetry of volume, lack of projection or a defect
of the décolleté related to atrophy of the upper part of the
pectoralis major muscle following the joint effect of axillary
dissection and radiotherapy of the chest wall.

We used lipomodelling to breasts reconstructed with
a TRAM flap in our own or in other patients. During second-
ary revision, we now perform intrapectoral lipomodelling
and lipomodelling of the flap, insisting on the areas which
lack fullness. In some cases, lipomodelling aiming to in-
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crease the overall volume of the flaps was carried out with-
out any particular difficulty. We should keep in mind that
a little less fat should be injected than with an autologous
latissimus dorsi flap, as the former is not so well vascularized
and the risk of fat necrosis may be higher.

In my own experience, I have not observed any compli-
cation inherent to this technique and our objectives were
attained: improvement of the overall shape of the breast and
improvement of the upper décolleté area (19).

Breast reconstruction by
repeated lipomodelling

We developed a protocol for breast reconstruction by
the use of lipomodelling alone. At the present time, it is
exclusively used in patients with a small opposite breast and
with suitable fat deposits (typically a patient with a slim
upper body and a fatter lower body). The technique consists
of reconstructing the breast in several stages, using only fat
injection. In the indications defined above, three to four
lipomodelling sessions are required to reconstruct a breast
to match the volume of the opposite breast. During the last
three years, we have expanded our therapeutic protocol
with the use of vacuum external breast pre-expansion with
the BRAVA® system. In our initial experiences, the use of
external breast pre-expansion seems to be very effective and
facilitates lipomodelling by formation of tissue oedema. This
therapeutic protocol is being evaluated and will no doubt be
reserved for particular reconstructions in patients with small
breasts or for repair of failed reconstructions (29).

Other applications in breast reconstruction
When the skin is very thin or damaged by radiotherapy
and there is a risk of skin necrosis during breast reconstruc-
tion, it is possible to carry out preparatory lipomodelling
a few months beforehand, injecting 80 to 120 ml of fat in
the thin damaged thoracic tissue. This improves skin trophic
condition and avoids necrosis, a complication always diffi-
cult to manage even in autologous breast reconstructions.

Lipomodelling for the correction of the
consequences of conservative treatment

When lipomodelling is proposed to correct the conse-
quences of conservative treatment (after lumpectomy and
radiotherapy) it is subject to a very strict protocol. In this
indication, there is in fact a high risk of a coincident new
cancer or local recurrence of the primary cancer (24). The
protocol must be very strict to limit the risk of coincident
cancer, which could potentially lead to medicolegal conse-
quences if the patient has not been satisfactorily informed
(30). The protocol includes a detailed imaging investigation
(22) with mammography, ultrasound and MRI performed by
aradiologist specializing in breast imaging. Lipomodelling
is generally performed based on an agreement of the spe-
cialized radiologist and oncologist who follows the patient.
Similarly, one year after lipomodelling, further imaging is
done with mammography and ultrasound. If any suspicious
image is present, the radiologist performs a microbiopsy.
There was a study (22) published which included 42 patients
with the consequences of conservative management who
underwent lipomodelling and were included in a detailed
radiological protocol. The study concluded that lipomodel-
ling was a considerable advance in the therapeutic choice
for management of moderate consequences of conservative



management. It restores the breast curves and suppleness
that no other surgical technique had previously achieved
(Fig. 4). This is however the most challenging indication
and we recommend that a multidisciplinary team managed
these patients (19, 31).

Poland syndrome and lipomodelling

Correction of the breast and chest wall deformities in
Poland syndrome is still a challenge for the plastic surgeon.
Lipomodelling appears to be very useful in this condition
(Fig. 5) and enables to achieve breast reconstruction of excel-
lent quality after simple, repeated procedures (6, 30) with
very limited scar sequelae. We treated 25 patients using this
technique, 23 by lipomodelling alone and two by lipomodel-
ling to supplementa flap. In this series, an average of three
sessions was required to obtain the desired result, with
amean of 244 ml injected during each session. The results are
very interesting and a breast that is almost identical to the
opposite breast can be reconstructed. This technique appears
to revolutionize the management of breast and chest wall
deformities in Poland syndrome (11, 20, 32, 33).

Pectus excavatum and lipomodelling

Pectus excavatum is a complex deformity with hollow-
ing of the anterior sternocostal wall. It usually has little
or no functional impact and in most cases the problem is
essentially morphologic and aesthetic, with considerable
deformity if the condition is very marked or lateral. Fat trans-
fer techniques, used alone, provide satisfactory correction
for mild to moderate forms (11, 19, 20, 33), or in association
with a custom-made rigid implant (based on a 3D CT scan)
in major forms. Analogically, lipomodelling is an effective
treatment of the chest wall deformities after pulmectomy,
chest wall injuries or burns.

Tuberous breasts

Tuberous breast is a deformity of the base of the breast,
with onset at puberty when breast development begins.
Various surgical approaches have been described and a wide
range of techniques exists to obtain the best possible result.
Among them, lipomodelling (11, 19, 20, 33) can correct the
lack of volume and improve the base and the shape of the
breast. The best indications include unilateral hypoplastic
tuberous breast and lack of fullness of the upper pole of
the breast. Two fat transfer sessions are usually required.
However, implants are still the treatment of choice for tu-
berous breasts with bilateral hypoplasia. Coleman (25) also
demonstrated very pleasing aesthetic results in tuberous
breasts treated by fat injection.

Breast aesthetic surgery

Lipomodelling in aesthetic surgery is developing fast.
Our studies have shown that if lipomodelling is carried out
according to the technique we have described in this chap-
ter, it does not generate radiological images which cause
problems in differential diagnosis with breast cancer or in

Fig. 4.  Patient aged 45 years. Correction of the consequen- radiological follow-up for radiologists who are specialized in
ces of breast conservative management with one

lipomodelling session (140ml). Result in 12 months breast imaging (22, 23). Tne-pri.ncipal radic.)logi.cal riskis Fhat
postoperatively breast cancer may occur coincidentally with lipomodelling.
a) preoperative view ) In order to reduce thisrisk, imaging (mammography and ul-
b) preoperative oblique view trasound) is carried out before lipomodelling by a specialized

C) postoperative view

d) postoperative oblique view radiologist in order to ascertain the absence of a suspicious

lesion. If there is any doubt, lipomodelling is deferred or con-
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Fig. 5.

Patient aged 15 years with Poland syndrome.
Lipomodelling of the thorax and of the breast with
280ml of fat. Results in 3 months postoperatively

a) preoperative view

b) preoperative oblique view

C) postoperative view

d) postoperative oblique view
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traindicated. The radiologist must provide approval before
lipomodelling and share responsibility for it. The patient
gives a written consent to attend for the same investigations
by the same radiologist one year after the procedure. If the
radiologist finds a suspicious lesion on imaging in one year,
microbiopsy is systematically performed in order to establish
a definitive diagnosis. In this indication, the information
given to the patient is particularly comprehensive and she
must carefully read the information leaflet provided during
the preoperative consultations.

Aesthetic lipomodelling is a treatment option for correc-
tion of the imperfections of mammaplasty and the imper-
fections and complications of implants, for aesthetic breast
augmentation and enhancement of fullness of the décolleté.
The indications of lipoaugmentation differ from those of
implant augmentations. Lipoaugmentation is suitable for
patients who want moderate increase of breast volume, or
who want to restore fullness they had before weight loss or
pregnancy. The ideal patient is a young woman with a slim
upper body and moderately small breasts and with sufficient
regional adiposity of the lower body to allow one or even two
lipomodelling sessions. In this indication, it is of great im-
portance to gain visible improvement at the harvesting site.
It is essential to make sure that the patient has effectively
achieved a stable weight (if she loses weight, she will also
lose much of the benefit of the procedure).

Asymmetry is a difficult problem when one breast has
satisfactory fullness and perfect shape and the other is hy-
poplastic. Conventionally, an augmentation implant is in-
serted in the underdeveloped breast. While the initial result
isusually good, asymmetry of shape and volume often reap-
pears several years later. In this indication, lipomodelling
yields a breast very similar to the normal breast, which will
change naturally over time, in particular as regards to ptosis.
Depending on the degree of asymmetry and hypoplasia, one
to three fat transfer sessions will be needed for an optimal
result (two sessions are generally sufficient).

CONCLUSION

Lipomodelling is a major development in plastic, re-
constructive and aesthetic surgery of the breast, and we
consider it to be one of the major advances of the last
20 years. The technique is now well defined and the compli-
cation rate is very low. Clinical long-term follow-up shows
that the morphological result regarding volume is stable
3 to 4 months after the procedure with the condition that
the patient’s weight remains constant. Because of the low
complication rate, very good results obtained, excellent ac-
ceptance of the technique by the patients, lipomodelling has
completely modified our indications in plastic, reconstruc-
tive and aesthetic surgery of the breast.
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SUMMARY

Autologous fat transfer techniques have ex-
perienced tremendous boom in the recent
years. Plastic surgeons use these techniques
to enhance both the features of the face and
of the body. Over the years, controversies
concerning fat harvesting, fat processing

and fat injection came up. The authors of this
review article describe their own experience
with fat harvesting, processing and injection
and show some of their own results. In addi-
tion, they discuss contemporary data from
literature regarding the use and complicati-
ons of fat grafting to the most common areas
treated with fat grafting: breast and face.

KEYWORDS
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INTRODUCTION

Autologous fat transfer is a surgical technique that is
used to transfer adipose tissue in an injectable form from
the donor area to the areas where adipose tissue is needed
for tissue augmentation or for its regenerative properties.
The method is often referred to as lipofilling, fat grafting,
lipotransfer or autologous fat transplantation. In plastic
and reconstructive breast surgery is the lipomodelling term
probably the most accurate, because it reflects significant
shaping potential of the technique on the breast. Whatever
the method is called, however, the basic principles remain
the same. Fat transfer may be used separately as a major
surgical technique, or it may be an integral part of combined
surgical procedures.

Fat transfer can be categorized according to the volume
of transferred tissues to high- and low-volume fat grafting.
High-volume fat grafting is performed primarily in order
to supplement missing volume or to increase the size of the
treated area. Typical examples of high volume fat grafting
include breast lipomodelling in both reconstructive and
aesthetic indications or correction of congenital chest de-
formities such as pectus excavatum 7.

In case of low-volume fat grafting, there is also the
regenerative potential of fat utilized apart from its volume

replenishment and contouring effects, especially in certain
indications. Low-volume fat grafting is used in the treat-
ment of radiation-damaged skin 8, in the treatment of scle-
roderma ° or for the correction of the scars after burns 1.
It was also recognized as an optimal surgical strategy in the
correction of the progressive hemifacial atrophy . Finally,
low-volume fat grafting is commonly used in aesthetic
surgery for rejuvenation of the face ¥%, neck or hands .
The regenerative effect is expressed as an improvement in
skin elasticity, texture and colour and as improvement in
tissue vascularity.

Fat transfer consists of three consecutive steps: 1) fat har-
vesting, 2) fat processing, and 3) fat graft injection. All these
steps may differ significantly depending on what is the main
goal of the surgery and whether it is a high or low-volume
fat grafting. Also the preference of the surgeon playsarole.

FAT HARVESTING

Adipose tissue is harvested by liposuction from sub-
cutaneous fat deposits in the areas where fat is in excess.
During fat harvesting, the main goal of harvested areas
infiltration is not tissue tumescence but only tissue satu-
ration with epinephrine. Therefore, lower volumes of the
solution are used compared with tumescent liposuction
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Fig. 1. Harvesting cannulas and syringes. From the right to

the left: 1) 60 ml “Toomey” syringe - part of PureGraft™ set,

2) 30 ml luer-lock syringe - used in our department for breast
lipomodelling, 3) 10 ml luer-lock syringe - used in our department
for harvesting for facial fat grafting or for application during
breast lipomodelling, 4) harvesting cannula with a diameter of
3.5 mm and length 17cm with 6 openings on the apex (PLA187
model, Pouret Medical, France) - used for breast lipomodelling,
5) Tulip harvesting cannula for microfat grafting, Sorensen type

- reusable, and 6) single use harvesting cannula from “St’rim” set
from the Thiebaud company used for microfat grafting

for cosmetic reasons. The amount of aqueous components
in lipoaspirate is also rather a disadvantage because these
aqueous components are to be eliminated during fat process-
ing. Furthermore, when higher volume of infiltration solu-
tion is used, harvesting time is extended because of higher
number of manipulations, which may also correspond with
a higher consumption of material, e.g. sampling syringes.

2017, 59, No. 2

It is also recommended to use infiltration solution without
local anaesthetics since they have been shown to have toxic
effects on adipocytes and preadipocytes *. For all these
reasons, if the whole surgery is scheduled under general
anaesthesia, we use low-volume infiltration with normal
saline and higher concentration of epinephrine (2:1,000,000)
and we recommend infiltration of harvesting areas by local
anaesthetics when harvesting is finished.

Liposuction is performed most commonly manually us-
ing “luer-lock” syringes to connect the cannula or “Toomey”
syringes with conical tip type of cannula. Vacuum is created
by continuous movements of the syringe plunger or by using
aholder for the plunger. Another option is usage of lipoaspi-
rate collectors where output is connected to the aspirator and
input to the cannula. The collectors are used more often,
particularly when high volume fat grafting is carried out
more frequently in the department. The advantage of using
the collector is the fact that the vacuum can be defined more
precisely. However, there is no study showing that higher
values of negative pressure would significantly affect the
viability of harvested adipose tissue 202,

Harvesting technique significantly affects the quality
of fat graft. Cannulas differ in the number, size and spatial
arrangement of openings in the tip and also in diameter and
length. Cannulas for low-volume fat grafting are thinner
and they usually have multiple openings with a diameter
below 1 mm (Figure 1). Tonnard et al. have demonstrated
significant differences in adipose tissue viability depending
on the size of the openings in the tip and on the number of
passages through the “luer-lock” syringes. Adipose tissue
viability was significantly higher after fat harvesting using
3mm cannulas with three openings of 2x7mm in the tip then
after using 3mm cannulas with multiple circular sharp holes

Fig. 2. Fat processing by
centrifugation in 30-ml syringes
for high-volume fat grafting



of 1-mm diameter in the tip (microfat grafting technique).
Furthermore, their study has shown that adipose tissue
viability is further decreased by repeated passages between
the syringes via “luer lock” connector (nanofat grafting
technique). On the contrary, usage of a cannula with small
openings in the tip or repeated passages through “luer lock”
connector had no negative impact on the concentration and
characteristics of stem cells in harvested adipose tissue that
are associated with regenerative effect after fat grafting 2.

Liposuction system, which allows infiltration of harvest-
ing area with tumescent solution by water jet and simulta-
neous harvest of adipose tissue has been recently developed
(“water jet assisted liposuction”). An essential part of this
system is a two-way cannula with an opening for the water
jet in the tip with openings for lipoaspirate suction on its
sides.

FAT PROCESSING

Harvested adipose tissue (lipoaspirate) is a mixture of
adipose tissue fragments, lipid droplets, cellular debris,
infiltration solution and blood. The quality and ratio of the
individual lipoaspirate components is defined by harvesting
technique. The aim of lipoaspirate processing is to obtain
a purified cell mixture, which has a minimal extent of vol-
ume absorption and/or maximal regenerative effect.

For the surgeon, a large number of technical options exist
for fat processing. The most commonly used techniques for
lipoaspirate processing in clinical practice include 1) decan-
tation; 2) centrifugation with different speeds, diameters,
volumes, and tube shapes; and 3) filtering through a simple
membrane (mesh) or filtering through a membrane com-
bined with washing in more sophisticated devices such as
PureCraft™.

Decantation is the oldest method that is still used by
some surgeons because it is simple and cheap, although time
consuming. Lipoaspirate processing is based on decantation
also in recent lipoaspirate collectors that seem to be more
effective as they are directly connected to the aspirator and
to the harvesting cannula.

Centrifugation is the most commonly used technique
for processing of lipoaspirate. It was popularized by Coleman,
who described in detail the processing techniques using
3-minute centrifugation with a relative centrifugal force of
1286 g. Lipoaspirate is divided by centrifugation into four
clearly distinguished layers: 1) the upper oily layer, 2) the mid-
dle adipose layer, representing most of the adipose tissue, and
3) the lower aqueous layer, consisting mainly of tumescent
solution, and 4) the pellet at the bottom of each tube (Figure
2). Centrifugation is carried out usually directly in the har-
vesting syringes with luer lock connector. The effect of cen-
trifugation on the biological properties of adipose tissue has
been described in many studies®??. In our department, we
centrifuge lipoaspirate at a relative centrifugal force of 1,200
g directly in the harvesting 10-ml syringes for low-volume fat
grafting and in 30-ml syringes for high-volume fat grafting.
We believe that usage of 30ml syringes reduces significantly
the number of manipulations and thus operating time.

The third basic principle of lipospirate processing is
filtration through a membrane. Perhaps the simplest op-
tion is filtration and washing with saline solution through
a filter membrane positioned on top of the surgical bowl
30, The disadvantages are obvious, the tissue is prepared

Fig. 3. Fat processing by washing and filtration through
a membrane using PureGraft™ devices

on open air and the number of manipulations is relatively
high. Nevertheless, due to its simplicity and cost it is still
used, especially for low-volume fat grafting procedures.
More sophisticated devices that are based on the filtration
principle are also available. These devices can be designed
like canisters connected directly to the aspirator and harvest-
ing cannulas. The outlet portion for the liquid components
of lipoaspirate can be constructed as a single outlet at the
base of the container, or it can be connected also with the
aspirator. Another membrane-based tissue filtration sys-
tem is PureCraft™, which is designed for manual sampling
liposuction syringes with “Toomey” tip. The device consists
of a plastic bag, which is divided inside by double filtra-
tion membrane into the inlet and outlet parts. Valves for
the lipoaspirate installation orifice together with input for
Ringer solution into the inlet part; outlet part is connected
to the waste plastic bag (Figure 3). Advantages of these more
sophisticated devices may be lower number of manual ma-
nipulations during fat preparation and the design as a closed
system. On the other hand, their disadvantage is thatitcan
eliminate undefined substances, such as cytokines and/or
growth factors, that may augment the regenerative effect
of lipoaspirate application 3.

Streit et al. recently comprehensively compared these
preparation techniques in vitro. Morphology of each prepa-
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Fig. 4. Application cannulas. On the left, 2mm cannulas with

a length of 20 and 13 cm (PLA188 and 189 models, Pouret
Medical, France). In the centre, 1.5mm cannulas with a blunt tip
(Coleman™ Style 1, Mentor, USA) and “V” shaped tip to release
scars (“V” Dissector Cannulae, Mentor, USA). These cannulas
and similar styles are suitable for lipomodelling of the breast.
On the right is an example of cannulas for fat grafting to the
face, diameter 0.9 and 0.7 ml (Tulip, USA)

ration was assessed by electron microscopy and overall cell
viability by live/dead assay. Number of adipose derived stem
cells (ASC) was determined and their stem cell character
was assessed by the presence of cell surface molecules and
by their capacity to differentiate into adipogenic and osteo-
genic lineages. They have demonstrated that1) decantation
is a very gentle technique that best preserves components of
the extracellular matrix, but the product of decantation is to
some extent contaminated with oil droplets and residues of
disrupted adipocyte membranes; 2) centrifugation isolated
the highest concentration of ASC from the upper two-thirds
of the adipose layer of centrifuged fat (low-density fraction).
Centrifuged fat was almost completely devoid of contami-
nating oil droplets and debris, and it retained considerable
amounts of the fibrillar components of the extracellular
matrix; and 3) centrifuged fat compared with membrane-
processed fat contained about the same concentration of ASC
with similar viability. Although filtration also effectively
removed oil droplets and cell debris, membrane-processed fat
again retained a substantial part of the fibrillar components
of the extracellular matrix. Finally, the watery component
was minimal in membrane-processed fat #. Because the dif-
ferences were not dramatic, authors concluded that centrifu-
gation and membrane-based tissue filtration are equivalent
techniques and superior to decantation in clinical practice.
In the selection of processing technique for clinical practice,
another criteria such as practicability for the individual surgi-
cal settings (close vs. open system, number of manipulations,
price, required time, etc.) remain crucial for the surgeon .
Cell assisted lipotransfer is used to increase engraftment
and decrease liponecrosis in the recipient tissue. This technique
is based on enrichment of fat graft with stem cells or stromal
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vascular fraction cells #. Core factor affecting absorption is cell
apoptosis due to inflammatory condition after transplanta-
tion and the lack of angiogenesis. Stem cells may improve fat
survival in three ways - they release growth factors and help
the surrounding tissue to resist hypoxia and ischemia; they
differentiate into adipocytes and regenerate the adipose tissue
and they promote vasculogenesis. However, there is absolutely
no statistical evidence that proves this assumption %,

FAT TRANSFER

Purified adipose tissue is usually injected with syringes
(10-ml syringes for high-volume fat grafting, 1-ml syringes
for low-volume fat grafting) and special application cannulas
(Figure 4). The cannula is introduced through multiple entry
points created by a needle or scalpel in order to achieve a hon-
eycomb structure of multiple microtunnels. Fat is injected
in small quantities in the form of fine cylinders resembling
spaghetti. Each microtunnel must be surrounded by well
vascularized tissue (Figure 5). Transfer is done from a deep to
a superficial plane. Good spatial visualization is necessary to
form a sort of three-dimensional honeycomb, to avoid creat-
ing areas of fatty pools, which would lead to fat necrosis *.

During high-volume fat grafting, it is necessary to know
how to overcorrect the quantity of fat, if allowed by the re-
cipient tissues, as absorption of about 30-40% volume may
be expected. When the recipient tissues are saturated and
cannot accept more fat, it is not advisable to continue, be-
cause of the risk to create areas of fat necrosis. It is better to
plan an additional session than disregard saturation of the
tissues. Incisions are sutured using very fine suture material.

Technique of multiple percutaneous fasciotomies
performed with 17-gauge trocar or needle is one of the ad-
vancements of the lipomodelling technique. This technique
is also called three dimensional ligamentous band release or
“Rigottomy”. It is powerful technique for scar releasing, it al-
lows us to move down the submammary fold and to sculpture
bottom part of the breast if required (in tuberous breast) .

External breast tissue expander (BRAVA®) was intro-
duced as a nonsurgical alternative to breast augmentation.
The system consists of two domes with soft silicone edge and
itis worn as a bra. Attached pump creates negative pressure
within domes and consequently acts as an expander %,
Action of negative pressure leads to 1) the enlargement of
breast tissue and its vascularity, and to expansion of skin,
which is advantageous especially in breast reconstruction.

Fig. 5. Principle of fat transfer into multiple layers of recipient
subcutaneous tissue



Fig. 6. A 51-year-old patient with the history of secondary breast reconstruction using abdominal flap before and 5 months after one
lipomodelling session with 180 ml of fat

This results in enlarged tissue bed for fat injection. The larger
is the preoperative expansion, the more volume we are able
to inject. We recommend wearing BRAVA 3 weeks/12 hours
per day before fat grafting. It is advisable to over-expand
the breast in order to gain sufficient skin envelope for fat
application. With this system we can perform mega volume
fat grafting, which means we can safely achieve volumes of
around 300 ml per breast. While wearing BRAVA postopera-
tively we decrease pressure of surrounding tissue on the graft,
which does not act as an internal expander anymore and we
achieve better graft nutrition. The patients wear BRAVA for
12 hours per day postoperatively, for atleast 4 weeks. Patient
compliance is essential since it is necessary to wear the system
pre- and postoperatively for a relatively long time.

BREAST LIPOMODELLING

Breast reconstruction by autologous fat transfer

In breast reconstruction, fat transfer may be used sepa-
rately as a major surgical technique, or it may be an integral
part of combined surgical procedures.

Breast reconstruction by repeated lipomodelling
Capacity of the donor site to accept fat graft is closely

related to the initial volume of well-vascularized donor tis-

sues. In secondary breast reconstruction, it is essential to

reconstruct or expand missing skin, which is crucial in selec-
tion of reconstructive technique, especially in an irradiated
patient. Furthermore, volume absorption after fat grafting
is very high when applied into the irradiated chest wall.
Thus, we recommend this reconstructive technique just for
non-irradiated patients, despite the availability of BRAVA
enlargement system. On the contrary, breast reconstruc-
tion by repeated lipomodelling is very promising in primary
reconstruction after prophylactic mastectomy, or in hypo-
plastic breast malformations (e.g. Poland’s syndrome). Very
important aspect of the consultation is to make the patient
understand about the maximal possible breast size (cup size
approximately B+) and about the need of higher number of
lipomodelling sessions (usually 3-5).

Lipomodelling for the correction of sequelae of conserva-
tive treatment

Breast reconstruction after breast conserving therapy is
problematic. Two factors must be considered. The first is the
uneven breast shape resulting from partial mastectomy. The
second is the preexisting irradiation of the breast *. Therefore,
breast reconstruction using fat grafting is an attractive tool
for treatment of this deformity with possible local filling of
the defect as well as regenerative properties of the graft .

We perform this procedure under general anesthesia.
The injection is performed very slowly with a fan-shaped
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technique during the withdrawal of the cannula. We at-
tempted (as much as possible) to prevent accumulation of
the fatgraft and overfilling of the tissue to prevent ischemia,
necrosis, colliquation and calcification, which is more likely
in irradiated tissue.

Fat grafting to breast after breast cancer has been ques-
tioned regarding higher risk of cancer recurrence. This
possible risk would be higher in patients after breast con-
serving treatment. However, this assumption has not been
confirmed in clinical studies yet %.

Lipomodelling as the complement of autologous breast
reconstructions

The abdominal free flaps and the latissimus dorsi flap
are the two most common autologous breast reconstruction
techniques today.

The abdominal free flaps are often considered to be the
gold standard for autologous breast reconstruction. Defects
may however also develop after their use, in particular
asymmetry of volume, lack of projection, defect in the dé-
colleté or possibly partial flap loss. In these cases, we carry
out intrapectoral lipomodelling and lipomodelling of the
flap (Figure 6).

The autologous latissimus dorsi flap is an ideal tissue
to receive fat transfer as it is very well-vascularized and
very large quantities of fat can be injected into it. Volume
of 200-450 ml per breast and per session may be injected
with very good results *#, The autologous latissimus dorsi
flap can now be considered as an auxiliary method that
prepares the breast recipient site for future lipomodelling.
We recommend performing lipomodelling quite early (after
3-4 months), before muscle atrophy is maximal, in order to
take the advantage of the volume effect, which allows the
area to accept sufficient amount of fat.

Breast augmentation by autologous fat transfer
There has been a boom in the demand for autologous
fat breast augmentation in recent years. As our experience

with this procedure extends, indications and limitations
for this procedure clarify. Today, we know that autologous
tissue transfer to the breast cannot replace breast augmenta-
tion using silicone implants “. Indications for fat grafting
are different then for breast augmentation with silicone
implants. Also, contrary to fat grafting to the face, we are
talking about high-volume, or sometimes “mega-volume
fat grafting”, since we inject volumes of around 250-300
ml. This method is suitable for patients, who require rather
smaller enlargement of the breast (at about one cup size),
with sufficient breast skin envelope and sufficient adiposity
in the lower part of the body. Breast augmentation by fat
transfer is performed in sessions if more significant breast
enlargement is requested by the patient.

First modern attempts for fat grafting to the breast in
1980’ launched a wave of negative attitude on the account
of fear of calcifications, which could impair breast cancer
detection. Subsequently, this method was banned for several
upcoming years without any scientific data.

Radiologic follow-up of breasts treated with fat grafting
is not complicated and should not prevent plastic surgeons
from offering this procedure ““. Far more comIimon are
calcifications after different kinds of breast operations - for
example reduction mammaplasty ¥. Calcification after fat
grafting, in case of the use of correct technique, are localized
in different areas and reveal different radiological image
then those in breast cancer. The best approach is to perform
radiological examination ahead of the procedure to find out
existing lesions. We advise performing follow-up examina-
tion one year after the procedure.

In addition, concerns about the oncologic safety remain
a controversial topic among plastic surgeons and other physi-
cians. In vitro studies have repeatedly shown an increased
activation of breast cancer cells by adipose derived stem cells;
however, clinical research, although limited, continually
fails to show an increase in breast cancer recurrence after
breast fat grafting not only in cosmetic breast augmentation
patients but also in breast cancer patients *2,

Fig. 7. Patient before and 6 months after one session of autologous fat breast augmentation
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Fig. 8. A 17-year-old patient with hypoplastic left breast and ptotic right breast before and after 2 sessions of lipomodelling on the left
and contralateral vertical mastopexy with augmentation by fat grafting in décolleté area - 6 months follow-up

We usually perform this procedure under general an-
aesthesia and we use methods described above for graft
harvesting and processing. We infiltrate the breast from
multiple entry points circularly around the breast base. We
can infiltrate subcutaneous space, subglandular space and
also the pectoral muscle. In order to ensure sufficient blood
flow to the entire graft, we should be careful not to overfill
the breast tissue. The maximal volume of graft is approxi-
mately 200-250 ml for B size breast, 300-350 ml for C size
breast etc. We risk graft ischemia, absorption, necrosis and
calcification with too large graft volumes. Based on authors’
experience, it is essential to overfill the size of the smaller
breast in comparison with the contralateral side in cases of
breast asymmetry because of the expected asymmetrical fat
absorption. Relative volume resorption remains the same
(30-40%), but the final volume absorption is different when
asymmetrical volumes of processed fat is applied.

Preoperatively we educate the patient about the graft
volume we plan to inject to the breast and about the possi-
bility of 30-40% absorption. We do not use any compressive
garment postoperatively, since it could impair blood supply
to the graft. The patient should postoperatively keep stable
weight, in order to prevent lowering of the volume of the
augmented breast (Figure7, 8).

Simultaneous Breast Implant Exchange with Fat (SIEF)

Simultaneous Breast Implant Exchange with Fat is
suitable for patients asking for breast implant removal
while maintaining the volume %%, The procedure can be
performed in two ways - fat is injected before or after im-
plant removal. We inject fat into all possible planes, into
subcutaneous and subpectoral after breast reconstruction
and also into subglandular space after breast augmenta-
tion. We take care not to inject into the capsular space. In
the case of implant removal before injection, we use finger
guidance in this space to prevent penetration of capsule
by the cannula. We also recommend using blunt cannula
for injection.

Composite breast augmentation

As mentioned above, breast enlargement by fat grafting
is limited and silicone implant augmentation continues to
be a gold standard. However, we can use benefits of both
techniques to achieve the best results - the volume created

by the silicone implant, covered by the fat graft. With this
technique, we cover the visible edges of the implants in
thinner women. Fat can be injected before or after insertion
of the implant. We prefer injection with implant already in
place to achieve better overview of the final result. For this
reason, we need to use blunt cannulas, which decrease the
risk of implant penetration. Motiva (Establishment Labs)
recently created a cannula with special tip intended to use
for composite procedures. Fat is injected especially to the
décolleté region and according to specific needs to any other
regions of the breast.

AUTOLOGOUS FAT TRANSFER TO THE FACE

Autologous fat transfer to the face has become a com-
mon technique to treat volume and contour abnormalities
in aesthetic and reconstructive facial plastic surgery *. It
has also been widely used for the management of facial
aging signs 1056,

Signs of aging with regards to fat grafting

Aging process affects all facial structures. The process
includes changes in the skin and its appendages, subcutane-
ous tissues, and bony skeleton.

Skin and appendages are influenced by intrinsic (normal
aging) and extrinsic (photoaging, smoking) factors and these
are manifested by the changes of skin texture (wrinkling,
atrophy and increased fragility, changes of colour, etc.).

Subcutaneous tissue includes fat compartments and the
SMAS system with interconnections to skin that are essen-
tial for transfer of facial expression triggered by the facial
muscles to the skin surface. Aging process in subcutaneous
tissue is associated with atrophy of volume (deflation), migra-
tion of fat compartments and increased soft tissue laxity
with ptosis causing changes of contour.

The changes in subcutaneous tissues are further en-
hanced by absorption of bony skeleton in the upper face
and midface such as the orbital margins, prejowl mandible,
pyriform aperture and nasal spine causing reduction of sup-
port for soft tissues.

Fat grafting may be used to address all of these changes
in a certain extent, i.e. it can supplement volume and add
support to tissues, replace missing bony structures and cor-
rect skin texture changes.
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Fig. 9. Examples of harvesters for facial fat grafting (Tonnard, Sorensen style)

Fig. 10. Examples of injectors for facial fat grafting. These may
be curved or straight as per surgeon’s preference

Technique for facial fat grafting

The technique of facial fat grafting differs from standard
techniques used elsewhere in the body. It is necessary to
use finer instruments to harvest smaller fat particles to

be injected to the face. This prevents creation of bulges
and irregularities that could develop after the standard
fat grafting technique. Fat grafting to the face is referred
to as microfat grafting or also low-volume fat grafting due to
this difference.

Examples of such fine instruments include e.g. vari-
ous Tulip cannulas with a small diameter for harvesting
and various small diameter injectors for application of fat.
(Figure 9, 10).

There are various application methods of microfat grafting
and they include application of fat to the deep to act as a deep
filler, superficially underneath the skin and intradermally
into the dermis of the skin to treat fine and deep wrinkles
and also a special form of fat for regenerative purposes. These
various types provide different effects on target tissue.

Deep microfat grafting

Fat injected as a deep filler is used to supplement missing
volume and for facial contouring. There are various areas in
the face that loose volume with age and need filling (Figure
11). These include the temples, eyebrows and upper eyelids,
infraorbital area, tear trough, malar area, nasolabial folds,
lips, and the area of the Marionette lines.

Fig. 11. Areas that usually need deep filling with fat during facial
fat grafting
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Fig. 12. Example of area that may benefit from superficial
microfat grafting



Filling effect of fat is also utilized in reconstructive pro-
cedures, such as augmentation rhinoplasty ¥ to augment
the dorsum of the nose or for correction of mandibular or
maxillary hypoplasia that have traditionally been treated
with orthognathic surgery -5,

Superficial fat grafting

Fat is injected to the superficial layer just underneath
the skin. This technique addresses the aging induced atro-
phy that is characterized by disappearance of a continuous
layer of fat underneath the skin. There are areas with more
pronounced deflation to be treated with deep filling, but
superficial fat grafting is beneficial in areas where fine wrin-
kling occurs that cannot be filled intradermally and there is
no deep space to fill (Figure 12). This technique is more exactly
referred to as superficial microfat grafting . Superficially injected
fat has also regenerative potential on the skin. Study per-
formed by Charles-de-Sa et al. demonstrated that treatment
with fat and stromal vascular or expanded mesenchymal
stem cells modified the pattern of the dermis, representing
a skin rejuvenation effect. Effects of treatment are visible
in the epidermis also, even though the injection takes place
in the subcutaneous region .

Various modifications exist, such as superficial
enhanced fluid fat injection (SEFFI) where fat is combined
with platelet rich plasma for enhancement of its effect 2.6,

Intradermal fat grafting

This technique was described by Zeltzer et. al. and popu-
larized by Tonnard and Verpaele as SNIF (Sharp Needle
Intradermal Fat grafting). Simple microfat is injected with
a needle into the skin, into deep rhytides (Figure 13). This
has an effect of a natural filler and smoothes wrinkles very
effectively *.

Fig. 13. Areas for intradermal fat grafting usually involve the forehead,
glabellar rhytides, nasolabial fold and perioral rhytides. SNIF
technique can also be used for improvement of lip and philtrum
contou

Nanofat and regenerative potential of fat

The therapeutic benefit of autologous fat is partly as-
cribed to the presence of precursors of adipose derived stem
cells (ASCs), which are progenitor cells that reside in the
stromal vascular fraction (SVF) of adipose tissue. ASCs are
able to differentiate into various cell lineages and seem to
be suitable for repair of damaged tissue in organs and aged
skin ¢, In cosmetic facial surgery, ASCs are reported to be
beneficial for skin rejuvenation ®. Special fat processing
techniques, which destroy mature adipose cells are able to
prepare an injectable product, which contains a high con-
centration of ASCs and no viable mature adipose cells %. The
final injectable product is injected directly into the skin with
afine needle. Tonnard et. al. described the nanofat grafting
technique, which is indicated for general skin rejuvenation,
treatment of dark circles under the eyes, post-acne scaring,
striae, etc. . Typical areas for nanofat grafting are show
in Figure 14.

Survival of fat in the face

Survival of fat in the face varies and is influenced mainly
by the mobility of the target area. Mobile areas such as
glabella or lips are associated with lower retention of fat
compared with less mobile areas, such as malar and lateral
cheek *. Stabilization of the graft may be considered after 4
months from the surgery.

Complications of facial fat grafting

Complications following fat grafting to the face are rare.
The most common complications include irregularities in
the donor area after fat harvesting, and asymmetry, irregu-
larities, bulges, under-filling and overfilling in the target
area. Rare complication is fat embolism to the ophthalmic
artery and cerebral arteries with subsequent blindness and

Fig. 14. Red dotted areas represent examples of areas typically
treated with nanofat for regenerative purposes
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Fig. 15. A case of a 45-year-old female patient with profound
deflation of the face seeking rejuvenation. Originally she
requested filler injection but was offered facial fat grafting. The
figure shows pre- and postoperative photographs. There was

a total of 24 ml of microfat injected and included deep filling

of malar, tear trough area and nasolabial folds, superficial fat
grafting to the cheeks. Note mainly the change of contour of the
malar area on the 45° view

cerebrovascular accident that have been reported after fat
injection mainly to the glabellar area %,

Postoperative course and management

The postoperative course after facial fat grafting is associ-
ated with very low morbidity. There are signs and symptorms
from the donor area, which is the most disturbing for the
patient and it is similar to smaller liposuction. In the ap-
plication area, there is usually swelling and bruising that
subsides quickly after surgery, usually within 1-2 weeks.
Pain is not a common symptom after facial fat grafting. In
the postoperative management we usually do not use any
special garments for the donor area, as the harvested volume
is very low. It is advisable to provide antibiotic cover to the
patient perioperatively.

Combination of facial fat grafting with other facial re-
juvenation techniques

Itis convenient to combine facial fat grafting with other
facial plastic surgery techniques such as face-lifting, upper
and lower blepharoplasty, chemical or laser resurfacing,
etc. The effects multiply and the final cosmetic result of the
combined surgery is potentiated %70,
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Complex facial fat grafting

Complex facial fat grafting is a combination of several or
all of the fat grafting techniques to treat various problems
that are present in the face in the same time. These may be
performed in one session. There is usually enough fat to be
harvested to perform complex treatment, i.e. deep filling,
superficial microfat grafting, intradermal fat grafting and
possibly take the advantage of regenerative capacity of fat
on facial skin (Figure 15). This is a great difference compared
with artificial fillers based on hyaluronic acid, which are
usually very costly, the quantity is limited mainly by price
and it lacks any regenerative potential. The usual quantity
of fat that is needed for complex fat grafting is 20-30 ml of
processed fat or more.

CONCLUSION

Autologous fat transfer techniques have experienced
tremendous boom in the recent years. High-volume fat graft-
ing is performed primarily in order to supplement missing
volume, low-volume fat grafting has also a regenerative
potential apart from its volume replenishment and contour-
ing effects, especially in certain indications.

Lipomodelling is a major development in plastic, recon-
structive and aesthetic surgery of the breast, and we con-
sider it as one of the major advances of the last 20 years. The
technique is now well codified and the complication rate
is very low. Because of the very good results obtained and
the excellent acceptance of the technique by the patients,
lipomodelling has considerably modified our indications

in plastic, reconstructive and aesthetic surgery of the
breast.

Facial fat grafting is an effective and rather mini-inva-
sive procedure thatis able to provide very interesting effects
in the treatment of overall facial aging signs. It has a filling
as well asregenerative potential and may be combined with
other facial procedures to achieve enhanced results. It may
be performed under local anaesthesia with mild sedation
and the postoperative course is very smooth.
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