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Tiew Chong Teo 2020
VAT DA DANG CANH QUAT DUNG TAI TAO MO MEM CO BAN CHAN

Tom tat: Vat da kiéu canh quat dua dén nhitng thir thach Ion trong viéc boc tach an toan,
S0 Vi cac vat truyén thong khéc. Thiét ké doc dao nay dua trén nguyén tac rang vat da can c6
thé séng tot chi véi 1 dong mach xuyén cap méau. Piéu can luu y sau hon nita vé nguyén ly cho
vat da nay la viéc boc tach sach cac md chung quanh cudng mach con gia ting thém su an toan
cho viéc cap mau t6i vat du duoc xoay cubng toi 180 do. K thuat boc tach rd rang, ti mi Ia rat
quan trong va ciing chinh 1a chia khoa dé thuc hién thanh cong vat da dang nay va sy da dung

trong tai tao phan mém quanh c6 ban chan dugc ban luan trong bdo cao nay.

Hinh mau vat da kiéu canh quat thé hién su phét trién tir c4c phau thuét vién di trudce trong
viéc tim kiém cac giai phap tai chd dé che pha khuyét hong md mém cd ban chan. Ho bat dau co
nhiéu kinh nghiém cho thay rang vat da can dai c6 thé boc tach dugc chi dua vao nhitng mach
maéu nho di trong vach lién co cta vang chi dudi. Nhitng mach nay, vé sau duoc goi 1a dong mach
xuyén, dau tién dé thiét ké vat da can ¢ cudng mach & phia xa. Trong nhitng nam dau thap nién
1990, khi t6i 1am nhiing vat kiéu canh quat dau tién, thi rat it cac bao céo lién quan. Mt trong
nhitng bao cao dau tién 1a ciia Erdmann va sau d6 nhiéu tac gia bao céo vé chu dé nay. Tuy nhién,
it c6 bao cao nao phan tich vé ki thuat boc tach mach xuyén, ma trong quan diém cua toi, 1a yéu
t6 quan trong nhat quyét dinh su thanh céng hay thét bai khi ding vat da nay. Sau hon 30 nim str

dung vat da nay, tdi c6 nhitng cai tién tét hon trong k¥ thuat caa minh.



Dinh nghia

Vat da kiéu canh quat ma tdi ding 1a vat da can tai chd duoc cap mau bai chi mét nhanh
mach xuyén duogc boc tach ki ludng, nd tao thanh hinh 2 canh quat xoay quanh truc la nhanh
mach xuyén, 2 canh quat c6 chiéu dai khéng bang nhau. Khi d6i vi tri cua cac canh quat, bén canh

dai hon chtta md lanh s& dugc dung che pha khuyét hong mé mém.

K§ thuat mé

Hau hét vat da canh quat ti dung dé che phu cho viing ¢o chan c6 nguon nudi tir DM chay
sau va DM mac. Theo t6i, so vai nhirng nhanh xuyén tir DM chay trudc thi nhitng mach xuyén
tir DM chaiy sau, méc ¢6 vi tri 6n dinh hon, dé ¢6 1ap mach mau c6 chiéu dai cuéng mach thich
hop hon. Sau nhiéu nam, khi thiét ké va boc tach vat canh quat, tdi thay rang quan trong 1a duong
mé phai linh hoat. C4 thé cho rang, nd gidng nhu duong mé khdng c6 hinh mau nao ca. T su
hiéu biét vé vi tri cac ngudn cap mau & cang chén, t6i dé y cac nhanh xuyén caa chling va cach
boc tach nao dé thay duoc rd nhat. Téi dung mot vai huéng dan ma tdi cho rang s& dam bao vat
thanh cong cao, co tinh tham my, it ton hai noi cho vat. O noi ndo co thé, tdi tranh viéc boc tach
vat lan sang viing da che xuwong chay, néu khdng thé tranh, toi sé cd gang dé sau khi quay vat kiéu
canh quat thi canh nho s& quay lai che cho vét thuong 1y vat ma tranh phai ghép da. O phia trong,
t6i tranh viéc boc tach ca tinh mach hién 16n dem theo vat vi nhu thé nd gay & méu tinh mach
trong d6 ma khong c6 chd dé thoat luu ra. Téi ciing dé lai than kinh hién dé tranh 1am mat cam
giac phan xa caa chi dudi. Tuong tu vdy, & phia ngoai, tdi tranh lay than kinh sural. D nhién,

khdng thé nao dam bao hét duoc, nén vu tién hang dau can dat ra 1a bdc tach vat that an toan.

Thiét ké vat da

Néu c6 thé, dung siéu &m cam tay 8-10 MHz dé xac dinh vi tri ciia nhanh xuyén & gan vét
thuong. Piém nay 1a diém xoay, V& vat da tam thoi ra. Dau tién, do khoang céch tir nhanh xuyén
tGi bo xa nhat caa vét thuong, kich thudc nay sau d6 dung dé vé 1én phia dau gan cua vat, git

truc vat song song véi truc cia mach méu chinh, céng thém mét it dé bu trir vao viéc md co lai
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sau khi boc tach vat, nhu vay di xac dinh dugc phia gan cua vat. Sau d6, chiéu rong caa phia gan
cua vat dugc xac dinh tuong wng véi chiéu rong cua tén thuong. Cong thém khoang 0,5¢m dé khi
khau vat vao noi nhan khéng c6 bi cang. C6 gang giit cho nhanh xuyén & vi tri trung tam, dé khi
xoay Vvat thi khdng bi co kéo cuéng mach xuyén lic khau vét thuong.

Mot cach nira la dung to gidy dé xac dinh canh quat phia xa cua vat bang cach do tir vi tri
nhanh xuyén tgi bo xa nhat cua vét thuong, chiéu rong caa to gidy bang vai chiéu rong vét thuong,
sau d6 quay vong dwa vao truc 1a nhanh xuyén thi sé vé dugc dau gan caa vat da 1&n phia trén cua
cang chan, tryc cua n6 thang hang vai truc ciia PM chay sau hoac PM mac va bao gdm ca cac
nhanh xuyén khac trong chu vi caa vat. Mét diéu ludn can phai nhé 1 thiét ké vat da 16n hon mot
chdt so véi mau giay dung dé wém. Toi nhan thay rang dung cach nay thi hiéu qua hon cho nhiing
vét thuong c6 hinh dang phtc tap hoac & nhiing vi tri kho nhu mit trude ¢6 chan hay ving gan

got.

Béc tach vat

Dung gard dui, nang cao chan dé dudi mau va ép mau DM khoeo rdi méi bom, dudng rach
da dat ¢ 1 bo cua vat, va bat dau tir mép vét thuong. Bang cach nay, néu khong c6 may siéu am
cam tay thi cach 1am van tuong ty, nhé 1a duong rach da ciing theo truc cia mach mau. Toi thudng
di & bo phia sau hon, boc tach toi dudi 16p can sau, s& thay duoc nhiéu cuéng mach xuyén hitu
dung. Cuéng mach xuyén tbt nhat s& dugc quyét dinh lua chon dua vao kich thudc, vi tri caa né.
Néu dugc, nhanh mach xuyén 16n nhat dugc chon dya vao tin hiéu dong chay manh trén may siéu
am cam tay trong mo. Néu can, dung kep mach mau dé thir ngudn mau nudi nham lya chon mot
trong hai nhanh mach xuyén c6 kich ¢& twong duwong. Tt nhat 1a khéng chon nhanh mach xuyén
& ngay ké bén vét thuong, dic biét khi vét thuong man tinh, seo, md hat hoac phi né vi s& lam
viéc boc tach kho khan hon, dé gy ton thwong cho mach méau nudi vat. Nguoc lai cling khong
chon mach xuyén ¢ qué xa vét thuong vi nhu thé s& 1am vat qué dai ma khdng can thiét.

Khi di chon duoc nhanh xuyén phl hop nhat, kiém tra lai thiét ké vat da, néu can thi diéu
chinh cho phu hop. Néu vi tri cubng mach khac véi noi da danh dau trudc mé thi thiét ké vat can

dua vao thuc tién vi tri mach mau nudi. Vi chi rach da & mot bo, ban c6 thé tranh viéc pha v cac
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lien két gitra vat va noi cho vat, cling nhu thoai mai diéu chinh kich thuéc néu can. Thuc té, mot
diéu can chic chan rang dau gan cua vat, sau khi xoay thi che phu hét duoc vét thuong ma khong
gay cang kéo gi & cudng mach.

Tiép theo, phau thuat vién can thao tac ti mi dé c6 dugce chiéu dai cudng mach phi hop bing
cach tach cac vach co va cd 1ap cac nhanh nho ra co chung quanh. Cudng mach dai thi it bi xodn
hon khi xoay vat va vi thé, it bi tic dong méau nudi khi vat dugc xoay téi 180 do. Di nhién, chiéu
dai cudng mach duoc tinh tir diém né xuat phét khoi dong mach ngudn va noi nd xuyén can sau
vao nudi vat da. Néu dugc, t6i thuong lay cuéng mach dai it nhat 2cm. Mot diéu quan trong nita
la nhitng md thanh mac chung quanh mach mau (nhin thay duoc dudi kinh 10p) c6 thé s& gay
chen ép 1én mach xuyén khi xoay vat, nén phai boc tach chung di that ky luong. Chu y dac biét
vao viéc boc mé thanh mac niy quanh cac tinh mach tdy hanh vi mau tinh mach &p suat thap dé
bi chén ép bai yéu td bén ngoai va gay tac khi xoay vat. Viéc boc tach nay 1a budc quan trong
nhat va phai 1am than trong va triét dé ma khong anh huong tdi mach mau. Dot dién ludng cuc
nén duogc dung véi nhiét lugng thap. T6i tranh viéc cam méu bang clip mach mau, mot 1an nira,
1y do 1a dé tranh viéc tao thém cac chén ép bén ngoai 1én cudng mach xuyén. Bé thoi gian vao
khau nay tot s& 1am han ché tdi thiéu nguy co &t mau tinh mach sau mé. Sau khi da co 1ap duoc
cudng mach xuyén, thi boc tach toan bd vat d& dang. Can phai giir lai tinh mach néng va cac
nhanh xuyén ¢ phia dau gan vat da, trong truong hop phai can dung dé ni vi phau vao noi nhan
khi can thiét dé ctiru vat. Sau khi boc xong vat thi xa gard va cho 10 téi 15 phat dé hdi phuc tuan
hoan vat da va gidn mach xuyén, chuan bi cho viéc xoay vat. C4c thudc gidn mach tai chd nhu

papaverin hay verapamil, c6 thé nho Ién cubng mach xuyén.

Xoay vat va khau vao noi nhan vat

Trong hau hét cac truong hop, vat canh quat can xoay 180 d6 quanh cudng mach dé che phu
hét vét thuong ¢ c6 chan hay got chan. Tu thé ndy tao ra sy xoén ti da & cudng mach xuyén, gay
ap luc 1én dong méau dong mach téi vat ciing nhuw mau tinh mach ra khoi vat. Can ludn phai xac
dinh rd rang bang viéc quan sat gan nhiing tac dong 1an nhau giira cubng mach xuyén da duoc

boc tach ky, huéng thuan chiéu hay nguoc chiéu kim dong hd, anh huang téi dong mau di qua
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cubng mach xuyén. Phau thuat vién thuc hién vat canh quat phai xu 1y that pho hop, cht khéng
phai 12 xoay mot cach ngau nhién. Gan day, st dung siéu &m trong mo, tac gia Song cho thay
hudng xoay vat cling anh hudng téi lwgng mau nudi di trong mach xuyén cho vat da. Lua chon
cudi cung duoc dya trén sy danh gia ky ludng hudng xoay nao thi it anh hudng téi su xoan cua
tinh mach di kém nhét. Noi ndo c6 thé, thi nén dung siéu am trong mo.

Ciing can phai du doan can than dé ngan chin cac van dé & hau phau nhu sung né co s& gay
chén ép tir bén ngoai 1&n cudng mach xuyén. Néu c6 bat ky nguy co nao vé viéc nay, tdi sé cat bo
mot phan co quanh cuéng mach xuyén, viéc cam mau ciing thuc hién ti mi. Panh gia cudi cling
la vé sy cang ctia cubng mach xuyén khi xoay vat truéc khi vat dugc khau vao noi nhan. Néu c6
ding dan luu thi dat ¢ vi tri xa cudng mach xuyén. Budc cudi ciing la ghép da Ién viing cho vat,

dung khau qué chat.

Chi dinh

Sw da dung ddi véi nhirng vét thwong phic tap

Khuyét hong ¢ quanh ¢ chan va goét chan thuong ¢ hinh dang phuc tap, nhiéu cau tric lién
quan va thuong c6 kém 16 dung cu két hop xuong hay 16 xuwong. Néu che phu mé mém that bai
chic han s& dan toi nhiém tring bao gém viém xwong tiy va nhidm tring khop, c6 thé dan toi
phai doan chi. Can duoc cat loc ki bai phau thuat vién co kinh nghiém, khdng chi 1a d6i voi mo
mém ma ca véi xuong, 1a budc quan trong nhat truée khi can nhic giai phap che pha khuyét
hong. Hon nira, véi viéc 1am sach vét thuong, co thé thiy cac khuyét hong hay 16 tréng can phai
duoc 1am day. Nhiing vét thuong ¢ mat ca trong va xuong got, trudc co chan va quanh gan got
déu cd thé che phu toi bang vat canh quat cua nhanh xuyén dong mach chay sau. Vung mit ca
ngoai va vung khdng chiu luc sau got thi vat nhanh xuyén dong mach méc c6 vu thé hon. O ving
nay, thuong cd 16 dung cu sau khi két hop xuwong gét. Vi nhitng khuyét xuong 16m siu vao can
phai dugc lam day, c6 mot vai lva chon. Lam vat canh quat, canh dau gan lam dai hon mét chdt,
bao 16p da & phia xa ctia canh quat di roi cudn 16p md lai, khi xoay vat 180 do thi nhét vao chd
khuyét xuwong. Cach khac 1a 1dy mét chut co theo vat canh quat dé nhét vao 15 hong xuong. Néu

thay c6 nhanh mach mau co da thi viéc lay chit co theo vat hoan toan thuan loi, mat khac, git su
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gan két 16p thanh mac giira can sau va phan co ciing da dé nudi phan co 1y theo vat. Panh gia
su sdng cua phan co mang theo bai viéc nhin & dau xa thiy mau ri ra

Nhikng gi¢i han ¢ chung quanh ban chan

T6i tranh sir dung vat canh quat dé che phi vét thuong ¢ nhitng viing chiu luc caa ban chan,
bao gom dé got. Vat da gan chan trong thich hop dé che phii noi nay hon vi né 1a vat c6 cam giac,
khong c6 16ng, mat do da dinh chic va dat duoc hiéu tng tuong ddng vé cau trdc voi ving nhan
vat. Nguoc lai, rat kho khan dé thiét ké vat canh quat tir cang chan dem xuéng che phu ving dé
go6t, ma néu c6 dugce thi ciing 1a vat khdng c6 cam giac, khong ti uu cho ving chiu luc. Tuong
tu, nhitng ton thuong nho & 10ng ban chan trudc ¢ thé dung vat day V-Y, dua trén nhitng nhanh
mach xuyén rat nhé. V6i nhiing tén thuong phirc tap & mit lung ban chan, ngon cai va k& ngon,
c6 thé thiét ké vat nhanh xuyén kiéu canh quat dwa trén dong mach mat 1dng ban ngén chan. N6
gidng nhu nhirng vat cudng & xa dya trén nhanh xuyén ctua dong mach lién k& ngén mat lung &
mat lung ban tay ding che phit mat mé mém ngon tay va k& ngon.

Nhitng kinh nghiém trong sir dung vat nhanh xuyén kiéu canh quat

Hinh mau va thiét ké vat canh quat c6 tinh don gian va thanh lich. Khi dung dé che phi mét
md mém quanh c6 chan va viing gét, né chac chan cé thé cung cap kha ning che phu 1au dai cho
nhitng vi tri kho, v&i cude phau thuat nhanh chéng, it tén ngudn luc hon khi so vai 1am vat tu do.
Bai vi sy don gian, 16i cubn cua nd, trong nhitng nam gan day co rat nhiéu bao céo lién quan, dau
vay chi sd it 1a khdng thay c6 bién ching. N6 thyuc sy dang tin dé sir dung che phi mat mé mém
hay can lam vat ty do dé che phu sé& tot hon? Téi thuc su nghi ring ¢ nhiéu phau thuat vién da
thir dung né va sau d6 khong dung nita. Trong khi mét s6 van tiép tuc ding va thay su hitu dung
ctia nd. Mot s6 nghién ctru phan tich gop, da trung tam cho thay ti 1¢ hoai tir hoan toan vat 1a dudi
10% nhung ti 1¢ hoai tir mot phan va & mau tinh mach Ién t&i 35%. Nhitng nghién ctu tap trung
& c4c bénh nhéan dai thao duong can tai tao md mém cho thay rang co su gia tang thoi gian can
thiét dé lanh thuong hon, nhung nhin chung 1a két qua che phu dugc dam bao khi ding vat kiéu
canh quat. O nhiing vét thuong ban chan bi loét cua bénh nhan dai duong, ton thuong vi thé va
dai thé mach méu 1am suy giam sy cung cap oxy cho mo, diéu nay dua t6i nhiing thir thach khi

ding bét ci vat da nao véi ky vong dugc cap mau day du, ¢d 1ap chi mot mach mau xuyén va can
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X0an cubéng mach dé 1am vat kiéu canh quat. Vi thé nén khong cé gi ngac nhién vai ti 1& cao céac
véan dé lién quan cip méu cho vat ¢ nhitng bénh nhéan dai thao dudng. Trong cac bai tong quan
cta ho vé s6 luong 16n bénh nhan dugc che phu bai vat da kiéu canh quat, tac gia Innocenti khong
thay c6 bat ky yéu t6 nguy co nao dan téi bién ching ca. Tuy nhién, mot nghién ctu gan day cho
thiy sy lién quan cao cua céc van dé dbi vai vat kiéu nhanh xuyén va cac bénh kém theo khi tai
tao phan mém & chi dudi. C6 thé thay rd 1a hat thudce 14, tiéu duong, bénh mach mau ngoai bién
la cac van dé chi yéu anh hudng téi sy lanh vat da

Kinh nghiém trong viéc dung vat nhanh xuyén: Lam sao dé tranh & mau tinh mach

Chia khda cua l1am vat nhanh xuyén kiéu canh quat thanh cong 1a cach quan Iy cuéng mach
cho tét. Thyc su rat quan trong 1a khong duoc 1am ton thwong cudng mach xuy@n mong manh boi
ki thuat boc tach kém tinh té, chién luoc gitr it mo chung quanh dé bao vé cudéng mach xuyén khi
xoay Vat chi 1am can tré nd va tén hai khi vat duoc xoay quanh truc, gisi han tinh hitu dung cua
no. Tuong tu vay, thi viéc rang gitr thém 1 cuéng mach xuyén nira dé gia ting kha nang tudi mau
cho vat ciing khong mang lai két qua nhu ¥ mudn, né khong thanh van dé néu vat chi xoay 60-
90 do dé che vét thuong. Khong may 1a, khi xoay nhiéu hon thé thi cac cudng mach xuyén s&
X0an vao nhau lam giam mau téi nudi vat. Hon nita, khoang cach giira 2 mach xuyén cang xa thi
nd cang can trg viéc xoay vat nhiéu. Nén can phai 1am rd rang dé xoay vat nhanh xuyén kiéu canh
quat thi chi diing duy nhat mot cudng mach xuyén théi. Mot chién lugc nita dé duy tri mau nudi
t6i vu t6i cho vat 12 boc tach cudng mach dé dat duoc chiéu dai tét nhat. Didu nay bgi vi Vo
cudng mach dai thi s& cung cap kha ning xoay , vin xoan dong tinh mach trong cuéng nhe nhang
hon, giam thiéu viéc anh huéng mau téi & ddong mach va mau roi khoi vat qua tinh mach. Déi véi
dong mach chay sau, viéc boc tach 1a tir ngudn xuat phat nhanh mach xuyén cho t6i diém xuyén
can sau vao nudi vat. O gan c6 chan thi DM chay sau nam & ndng nén nhanh xuyén cua no sé
ngan vi vay sé& tét hon néu chon nhanh mach xuyén ¢ phia gan cia cang chan, di né s& ¢ xa vét
thuong hon nén can thiét ké vat da dai hon. Con ddi voi vat da dua trén nhanh xuyén DM mac,
viéc boc tach nhanh xuyén dé dat chiéu dai 2cm thuong dé dang dat dugc ma khong can phai boc

s&u téi mach nguon.
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Mau hinh vat canh quat thé hién sy tién bo trong boc tach vat, trong d6 nhitng gi can thiét 1a
ki thuat boc tach dé tranh bi chén ép khi xoin cudng mach xuy&n méng manh, bang truc quan dé
tranh viéc mat tuan hoan cho vat da. Qua thuc, rat vui vi ciing khong c6 kiéu bién chiing nao khac
lien quan dén dong mach va tinh mach caa cuéng mach xuyén duoc bao céo nira, di vat xoay
kiéu canh quat voi cudng xoay 180 do. Tuy nhién, nhitng nghién cizu thuc nghiém trén chudt cho
thdy vat van séng khi cubng mach xoay 360 d6. Nhitng nghién cttu khac cho thay cudng mach
dai hon thi c6 giam nhe dong mau nudi, va van du dé cap mau cho vat da, nén viéc bdc tach chiéu
dai cuong mach ciing that pht hop. C6 nhiing tranh luan gitra cac phau thuat vién, mot nhom thi
c6 quan diém gitr lai ca&c md mém chung quanh cudng mach xuyén dé bao vé cuéng mach va
nguoc lai, mot nhom boc tach ki ludng cudng mach xuyén, von sé gia ting nguy co xAm pham
mach mau mong manh. Nhu t6i da ban luan tir trudce, viéc boc tach ti mi sach s€ cac sgi thanh
mac quanh cuéng mach xuyén, nhat 1a dé giam ap lec di vai &p luc méau thap cua tinh mach, 1a
mot phan cot yéu khi 1am k§ thuat nay. Hon nita, chi véi mach dugc boc tach ki ludng, ching ta
s& danh gia duoc vi tri nam caa tinh mach khi xoay cudng 180 do. Diéu nay, ciing gitip ching ta
lya chon hudng xoay bén nao sé téi wu hon. Khi bao cao cac két qua nghién cau, rat it phau thuat
vién dé cap t6i van dé xu ly cubng mach xuyén. Trong nghién cau caa minh, Dong nhan manh
viéc boc tach ki ludng nhanh mach xuyén va diéu nay phan anh & két qua rat an tuong trong bao
c&o cua ho, vi khong c6 trudng hop nao bi hoai tir mot phan hay toan phan.

Néu viéc & mau tinh mach nang, c6 mot lva chon dé xu Iy 1a phiu thuat dé ndi tinh mach
ndng ¢ vat da vao tinh mach 1an can ¢ vét thuong dé ting cuong dan luu méu ra khoi vat, nhung
trong kinh nghiém caia minh toi thay viéc nay khdng can thiét 1am mot cach thuong quy. Ngoai
ra, c6 thé ndi mot cudng mach xuyén da bi ¢6 1ap & vat vao mach méu & quanh vét thuong nham

gia ting duoc luong Mau t6i cling nhu mau ra khoi vat, néu thay can thiét,

Kich thwéc vat, chiéu dai va hoai tir & mép vat.
Khi bdc tach vat tdi mic gisi han ciia viing duoc cap mau hiéu qua bai nhanh mach xuyén,
mép vat thuong bi ton thuong va nhu vay anh huéng téi hiéu qua che pha caa phuong phap.

Chung ta c6 thé 1am duoc gi ¢ tinh hudéng nay va 1am sao dé tién luong dwoc? Vai dau hiéu sém
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cta viéc thiéu mau nubi & mép vat thi nén khau ndi vi phau nhanh mach xuyén da duoc cd lap
vao mach mau ving quanh vét thuong dé ting cuong tudi mau. Do nghiém trong cua hoai tir mép
duoc xac dinh dua vao kich thudc mang hoai tir va d6 sau cta noi hoai tir. Néu chi hoai tir mot
phan da & 16p ngoai thi 16p md va can van con sbng va ghép da sé& giai quyét dugc van dé. Voi
hoai tir kich thudc nho va sau téi 16p can sau thi can phai béc nang vat I&n, khi vat da xep xudng
thi cat loc, truot vat che hét vét thuong. Vi hoai tir phan 16n dién tich vat thi can phai lam vat tu
do dé khic phuc, trong truong hop ndy, mach mau chua bi ton thuong & bén dudi vat sé hiru dung.

Vat nhanh xuyén kiéu canh quat rat an tuong khéng chi vi c6 cung xoay 16n ma con & kich
thudc va chiéu dai cua vat cd thé boc tach. Sau nhiéu nidm, véi nhirng trai nghiém va su tim hiéu
vé Viéc thiic day gigi han chiu dung cua vat da nay da thiic day viéc lam vat rong hon, dai hon.
D3 ¢ bao cdo vé vat canh quat duogc lay kich thuéc 16n téi 21cm x10 cm dua trén mot cubng
xuyén lén 1mm cta dong mach lién suon dé che phu vét thuong sau boc khéi ung thu ¢ ving
lung. O chi dudi, r rang vat c6 kich thuéc 16n ciing c6 thé boc tach dé che phu an toan cho vét
thuong quanh cb chan.

Van con rat nhiéu cau hoi chua thé tra 1oi, gom su lién quan gitta kich thudc nhanh mach
xuyén véi thé tich khéi mo 16n nhat cé thé lay ma van an toan ra sao. Bang truc giac, cac phau
thuat vién ludn s& chon nhanh mach xuyén 16n nhat dé c6 lwgng mau nudi vat téi vu nhat. Theo
ly 1& d6, thi cac nhanh bén toa ra tir dong mach xuyén phai duoc co 1ap hét dé toan bo nguon mau
déu di vao vat da. Piéu ndy con lam gia ting chiéu dai cuéng mach va tranh viéc bi chén ép khi
vat xoay quanh cudng.

Kich thudc toi da cua vat da c6 thé lay duoc dya trén mot nhanh xuyén 1a cau hoi tha vi khac
ma van chua c6 cdu tra 10i thoa dang, diéu ma cac phau thuat vién rat mudn biét 1a: C6 thé che
pht dugc bao xa & viing ¢b ban chan? Hinh mau vé cip mau cho céc ving caa Taylor va Palmer,
dua trén nghién ctu giai phiu xac va tng dung 1am sang chi ra rang mot ngudn mach méau cung
cap cho mét khdi md phuc hop chir khdng phai chi riéng cho da. That khéng an toan khi suy luan
rang nhiing két qua nay cho phép du doan ving cap mau an toan cua nhanh xuyén cho da trong
thue tién 1am sang. Saint-Cyr dé xuat cum tir viing duoc cip mau bai nhanh xuyén cho cac viing

da nhat dinh dugc nhanh xuyén nudi dudng. Dya vao nghién cau 1am sang, ho cho rang khi cot
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cac nhanh bén ctia nhanh xuyén thi sé tao ra su gidn mach va tang tudi mau cho vat da, cho phép
cAp mau téi ving xa hon quy ude dugce nudi boi nhanh xuyén d6 va vi thé cé thé 13y vat dai hon.
Nghién cru 1am sang cia Cormark va Lamberty dé tim sy lién quan giita kich thuéc mach mau
véi giai phau, huyét dong hoc va viing cip mau vat c6 thé cho thay nhiing su lién quan trong 1am
sang. Gan day, Taylor kién nghi rang hinh mau ving duoc cip méu nguyén mau &p dung cho vat
nhanh xuyén, khang dinh rang sy tin cay cia ving cip mau trén 1am sang tir nhanh mach xuyén
nudi da 1 viing giai phau dugc cip mau boi chi mét nhanh xuy@n nuéi nd va ving da 1an can
duoc nudi bai nhanh xuyén ké tiép. Vuot qué gisi han cua ving cap mau thi vat s& hoai tir trir khi
cac nhanh thong ndi gitra hai ving cap mau duoc kich thich mé rong bang phwong phap boc vat
tri hodn hoic da c6 nhitng thdng ndi cua mang mach xuyén trude do thi co thé lay vat vai kich
thudc 16n hon. Tuy nhién, can nhan manh rang viéc lay vat 16n hon giéi han cia mét ving cap
mau bai mot nhanh mach xuy@n chi ¢ thé thuc hién dua vao sy thdng néi caa tdi da hai hé thong
mach xuyén ké can nén vi thé vat vat vai su gigi han vé chiéu dai cé thé boc tach duoc bang cach
nay. Ttr 40 nam trudc, Pontén va cac tac gia khac da dé nghi rang vat da can rat dai co thé boc
tach dé che phu & chi dudi. Donski va Fogdestam nhan manh tam quan trong cua viéc duy tri truc
vat da can theo truc caa mach ngudn, nhu 1a PM mac dé lay duoc hét cac nhanh xuyén di vao
nudi vat. Nhitng théng ndi trén 16p can sau giira nhitng nhanh xuyén tao ra hé thong cap mau doi
dao, vi thé cho phép boc vat véi kich thudc dai hon. Nhitng nim vé sau, gia thuyét cia ho da
duoc hd tro boi nghién ctu mo ta trén 1am sang cua Saint-Cyr

Tt nhitng quan séat vé c4c vat canh quat ma toi da lam, tat ca déu khdng sir dung phuong an
boc vat tri hoan, o rang la duong kinh nhanh xuyén co vai tro quan trong va duong kinh Imm la
cho sy tudi mau hiéu qua cho ving da duoc cip mau bdi né ciing nhu ving md xa hon dya trén
théng ndi cua hé théng hai nhanh xuyén 1an can nhau nhu dé xuat caa Taylor. Vat canh quat 16n
nhét ting 1am 1a 31 x5cm, cho ti 18 khoang 6:1. Véi thiét ké kiéu canh quat, nhanh xuyén duoc
dat ¢ trung tm. DU thé thi khoang canh giira nhanh xuyén va noi xa nhét caa vat thudng bao boc
vling cap mau boi it nhat 3 nhanh xuyén lién tiép nhau. Thé nén ciing hop ly khi két luan rang

duong kinh nhanh mach xuyén, &p suat tuéi mau, truc mach mau trong vat 1a nhitng yéu té co
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tinh quyét dinh t&i chiéu dai vat canh quat ti da c6 thé boc tach an toan. Tuy nhién, toi nay, chua

c6 thir nghiém nao cd thé ching minh nhitng théng sé 1am sang nay.

Tinh tham my

Tinh tham my 1a phan thiét yéu trong phau thuat tao hinh va viéc dung vat kiéu canh quat dé
che phit mat mé mém chi dudi mang lai tinh tham my rat tét vi cung cap dic tinh twong dong vé
cAu trdic md cua vat véi ving nhan, so Vi cac vat da ving va vat ty do, né khdng bi thé tich vat
I6n va vira vin khi di gidy dép hon. Khi xoay vat thi tao ra khuyét hong & noi cho vat la cang
chan, day 1a noi c6 mat do da long léo, doi khi co thé khau kin duoc vét thuong noi cho vat dé
dang, hon nita vi quay kiéu canh quat nén chinh vat da ciing quay lai che lay vét thuong thir phat
do boc vat khién viéc khau lai cang thuan loi. Tuy nhién, su an toan cua vat 1a hang dau nén ciing
khdng nén khau kin ¢ noi cho vat bang moi gia, khi thiy khau chat thi nén chon giai phap ghép
da ¢ noi cho vat. Ghép da ludi ciing dem lai hiéu qua tham my tét ¢ noi cho vat. Néu sau nay
mudn cai thién hon nira thi c6 thé ding giai phap dan da roi cit bo chd ghép da khau kin lai s&
con dep hon.

Két luan

Vat nhanh xuyén kiéu canh quat c6 thé duoc dung dé che phua vét thuong phirc tap ¢ ving
co ban chan. Nhimg uu diém bao gom viéc sir dung viing vat khée manh khdng cé thé tich 16n tai
chd dé chuyén t&i che cho vét thuong dé mang lai chirc nang tot ma tinh thAm my cao. Mach méu
chinh cua chi duéi duoc bao tdn. Phau thuat chi can mot phau thuat vién thuc hién, tiét kiém thoi
gian va nguon luc so véi vat tu do. Su don gian caa hinh mau vat canh quat c6 tinh hap dan cao.
Tuy nhién, phau thuat dugc cho 1a don gian nay lai di kém véi ti 1é cao céc bién chung lién quan
mach méu duoc bao céo trong y van. N6 1a phan lién quan noi bat trong cau hoi chiéu dai va rong
t6i da co thé boc tach khi vat chi duoc nudi bai mot nhanh xuyén mot cach an toan. Tuy nhién,
du chling ta c6 tim ra cau tra 1i cho cau hoi do, thi cau hoi tiép theo s& 1a 1am sao dé cai thién
viéc giam &p suét tudi mau cho ving dinh vat canh quat khi vat xoay 180 d6 quanh cudng mach.
T6i tin riang thyuc hién vat canh quat c6 thé dem lai két qua hai 10ng nhung lam no tét thi can sy

danh gia can than, ky niang phau thuat phai cao va sy ti mi trong ting chi tiét.
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The propeller flap challenges conventional wisdom for the safe raising of flaps. Its
unique design is based on a belief that a sizeable fasciocutaneous flap can be perfused
by only a single perforator. What is more remarkable is the concept that this cleanly
dissected pedicle can continue to safely perfuse the flap even when it is twisted
180 degrees. Clearly, meticulous technique is essential and the key points in raising this

fasciocutaneous flap ~ flap and its versatility for reconstruction of defects around the foot and ankle are

~ dissection technique  discussed in this article.

» lower limb
reconstruction

The “propeller flap” concept evolved from the early work of
surgeons looking for local solutions to problematic distal
lower leg wounds. They began experimenting with the idea
that long fasciocutaneous flaps could be raised on small
vessels traveling along the intermuscular septa of the lower
limb.' 3 These vessels, eventually called “perforators,” were
used to supply the first completely islanded distally based
fasciocutaneous flaps. In the early 1990s when I performed
my first propeller flap, very few cases have been reported.*>
One of the earliest series was based on the work of Erdmann
et al,® and many have subsequently published on the subject.
However, few articles have described the technique of per-
forator dissection in detail and this, in my view, is the single
most important determinant of the success or failure of this
flap. Over the past three decades, I have further refined my
technique.”?

Definition

The propeller flap that I use is an islanded local fasciocuta-
neous flap supplied by a single, cleanly dissected, perforator,
which forms the axis around which two paddles or “blades”
of tissue of unequal length rotate. When the position of these
blades is switched, healthy tissue from the longer blade is
transferred to fill the defect (~Fig. 1).
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Surgical Technique

Most of the propeller flaps that I have raised to cover wounds
around the ankle are based on the perforators arising from the
posterior tibial and peroneal arteries. In my experience, com-
pared with that of the anterior tibial artery, the perforators
from these vessels are more predictable in their location, easier
to isolate and tend to have a decent length. Over the years, in
the design and raising of the propeller flap, I have realized that
itisimportant to maintain a flexible approach. In many ways, it
is like a free-style approach.'® Knowing the location of the
source vessels on the leg, I start by looking for their perforators
through a well-placed exploratory incision. I use a few simple
guidelines which, I believe, makes the flap work more consis-
tently and produce an esthetic result, while minimizing donor-
site morbidity. Where possible, I avoid raising the flap over the
subcutaneous border of the tibia. If this cannot be avoided, I try
to ensure that it is covered again by the short limb of the flap,
rather than a skin graft (=Fig. 2). On the medial side, I try to
exclude the great saphenous vein to avoid the vein becoming
engorged with blood, with nowhere to drain. I also exclude the
saphenous nerve to avoid causing annoying numbness distally.
Similarly, on the lateral side, I try to avoid including the sural
nerve in the flap. However, nothing is set in stone and safe flap
dissection should always be your primary goal.
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Fig. 1 The propeller flap concept. Two blades of unequal length are designed to pivot around a single perforator. When switched, the longer
blade fits comfortably into the defect (A). On the leg the measurement from the perforator to the distal edge of the defect (in green) is
transposed proximally such that x =y + z. The width of the flap is equal to that of the defect with a little more added for tension-free closure (B).
Once dissected, the flap can be pivoted up to 180 degrees around the perforator bringing proximal healthy tissue to cover the defect (C). The
short blade of the flap is used to help close the secondary defect, sometimes completely thereby avoiding the need for a skin graft (D).

Design of the Flap

If available, a handheld 8 to 10 MHz Doppler ultrasound probe
can help locate a potentially useful perforator vessel near the
defect. With this as the pivot point, a provisional flap design
can be drawn. First, the distance between the perforator and
the distal edge of the defect is measured. This value is then
transposed proximally from the pivot point, keeping the axis
roughly parallel to the course of the main source vessel, adding
a little extra to allow for tissue contraction. This value forms
the proximal limit of the flap. Next, the width of the proximal
flap needed to cover the defect is determined by measuring the
width of the defect. Approximately 0.5 cm is added to this
width to facilitate a tension-free inset. An attempt should be
made to keep the pivot point (where the perforator pedicle
enters the flap) in the center, so that when the flap is
eventually rotated around, there is no excessive lateral traction
on the perforator during wound closure.

As an alternative, a paper template of the distal limb of the
propeller flap can be created by measuring from the marked
position of the perforator to the distal edge of the defect for
length. The width of the template should be based on that of
the defect. This is then pivoted around the perforator and the
proximal limb of the flap is drawn on the upper calf keeping
it approximately in line with the underlying posterior tibial
or peroneal source vessels and incorporating any other
perforators within the flap. One must remember to make
the dimensions of the proximal flap slightly more generous
than the paper template. I find this latter method of flap
planning works better where the wound shape is complex, or
is located in an awkward position, such as over the anterior
ankle (=Fig. 2) or the Achilles tendon (~Fig. 3).

Journal of Reconstructive Microsurgery

Flap Dissection
Under a thigh tourniquet, with the leg partially exsanguinated
by elevation and pressure on the popliteal artery, a generous
exploratory incision is made along one margin of the flap
starting from the wound edge. For those without the benefit of
a Doppler probe, the free-style approach to raising this flap
starts with the same skin incision drawn parallel to the axis of
the underlying source vessel. I prefer to start from the posterior
edge and dissect down to the subfascial plane, allowing the
exposure of several potentially useful perforators. The best
perforator is chosen based on its size and position. Where
possible, the largest perforator is chosen based on a visual
inspection and the quality of the Doppler signal. If necessary,
an Acland clamp can be used to help decide on which of two
similar-sized perforators to select. It is best to avoid any
perforator located immediately adjacent to the wound, espe-
cially if the wound is chronic, since scar, granulation tissue, or
edema can make dissection difficult, thus increasing the risk of
vessel damage. Conversely, choosing a perforator too remote
from the defect would make the flap unnecessarily long.
Once the most suitable perforator has been chosen, the
design of the flap should be rechecked and, if necessary,
adjusted. If the position of the pedicle turns out to be
different from the one marked preoperatively on the skin
with the Doppler probe, then the flap design can be altered
accordingly (=Fig. 4). By making an initial exploratory inci-
sion, you avoid burning any bridges and can freely redesign
and adjust the flap’s dimensions. In particular, one should
ensure that the proximal edge of the flap, when finally
rotated into position, can comfortably reach the distal mar-
gin of the defect without placing the pedicle under tension.

Downloaded by: Karolinska Institutet. Copyrighted material.
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Fig.2 Aniatrogenicanterior ankle wound following a total ankle joint
replacement is radically excised (A, B). A propeller flap is planned
using a paper template designed from the position of the posterior
tibial artery perforator to the distal edge of the defect (C). This is
pivoted around to outline the proximal limb of the flap, adding a little
extra to help with tension-free wound closure (D). The flap, raised on a
single perforator, is ready for rotation. Note that the long saphenous
vein is not included in the flap (E). Uneventful healing of an estheti-
cally pleasing, nonbulky flap (F, G).

Next, the surgeon should meticulously prepare a decent
length of pedicle by separating it from the septum and
dividing any muscular side branches. A longer pedicle will
result in a gentler spiral twist, and therefore, less obstruc-

Fig. 3 A complex-shaped iatrogenic posteromedial ankle wound
following the repair of a ruptured Achilles tendon. A templated design
of a posterior tibial artery perforator propeller flap is drawn (A). Note
that the previous incision was incorporated to form the posterior
border of the flap and used as the exploratory incision to locate the
perforator (B). The flap is isolated on a single perforator (C) and
pivoted round 180 degrees (D). It fitted nicely into the defect and
the secondary defect in the upper calf was closed primarily (E).

tion to blood flow when the flap is rotated through
180 degrees. Of course, this is determined in part by the
length of the pedicle from its source vessel to the point
where it passes through the deep fascia into the flap. Where
possible, I try to clear at least a 2-cm segment. It is also
important that all the fine perivascular fascial strands
(visible under loupe magnification) that could potentially
compress the vessels once they are twisted should be
meticulously divided (=Fig. 5). Particular attention should
be paid to those around the venae comitantes, since the
relatively low pressure venous system is more susceptible

Journal of Reconstructive Microsurgery
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Fig. 4 The design of a propeller flap should be rechecked and adjusted if the chosen perforator does not coincide with its location previously
marked on the skin using a Doppler probe. In this case, the perforator’s location was actually 3 cm more proximal than its preoperative skin
marking. By making only an initial exploratory incision, the freedom to redesign is retained.

Fig.5 The cleaning of a 2-cm segment of the perforator pedicle is a critical part of this operation. It is not sufficient to just isolate the perforator (A). Using
loupe magnification, all the very fine perivascular fascial strands must be carefully removed, as on twisting they are likely to cause extrinsic compression,
particularly of the venae comitantes (B). The perforator may have to be skeletonized from the source vessel to where it pierces the deep fascia (C).

to extrinsic compression and obstruction once the flap is
rotated. This is one of the most important steps of the
operation which must be done thoroughly and delicately
without damage to the vessels. Bipolar diathermy of the
vessels must be performed judiciously on a low setting. I
avoid the use of Ligaclips, again, due to the potential risk of
extrinsic compression. Investing time in doing this well
could pay off with less postoperative venous congestion.
Once the pedicle is secured, raising the rest of the flap is
quick and straightforward. It is worth dissecting out and
preserving a superficial vein and any perforator near the
proximal tip of the flap, in case they are needed as potential
lifelines. The completely islanded flap should then be left in
its original position for 10 to 15 minutes with the tourni-
quet released, to restore circulation and relaxation of vas-
cular spasm, prior to flap rotation. Topical vasodilators, such
as papaverine or verapamil, can be instilled around the
pedicle at this point.

Journal of Reconstructive Microsurgery

Flap Rotation and Inset

In most instances, the propeller flap needs to pivot
180 degrees around its pedicle to reach a defect on the ankle
or heel. This places the perforator under maximum spiral
twist, stressing the arterial inflow, as well as venous outflow.
It has always been clear to me when closely observing the
interaction between the cleanly dissected perforator vessels,
which the direction of rotation—clockwise or counterclock-
wise—has an impact on the blood flow through them.
Surgeons performing propeller flaps must appreciate that
this is not a random choice.!" Recently, using intraoperative
Duplex ultrasound examination, Song et al'? have shown
clearly that the directional turn of a propeller flap can have a
significant impact on the blood flow through the perforator.
The final choice is based on a careful visual inspection of
which direction causes the least torsional stress to the venae
comitantes. Where available, a Duplex ultrasound can be
helpful.
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It is also prudent to anticipate and avert postoperative
problems such as muscle swelling causing external compres-
sion on the pedicle. If there is any risk of this, I would not
hesitate to remove a cuff of muscle from around the pedicle.
Hemostasis also needs to be meticulous. A final inspection is
made to ensure that the pedicle is not under traction, either
in a proximal or distal direction, before its position is secured
with the first two skin sutures placed on either side of the
flap.Ifa suction drain is used, this should be placed well away
from pedicle. Final inset of the flap should include the use of a
skin graft if the secondary defect proves too tight for primary
closure.

Indications

Versatility for Complex Defects

Defects that present around the ankle and heel are often
complex in terms of their shape, structures involved, and the
presence of exposed metalwork or bone. Failure to provide
satisfactory soft tissue cover would inevitably lead to infec-
tion, including osteomyelitis and septic arthritis, potentially

resulting in amputation. A radical debridement by an expe-
rienced surgeon, not just of the soft tissue but also the bone,
is the single most important step before reconstruction can
be considered. In addition to a clean surgical wound, there is
usually a defect or space that needs filling. Wounds on the
medial malleolus and calcaneum, anterior ankle (~Fig. 2),
and around the Achilles tendon (=Fig. 3) can all be reached
by a propeller flap based on a perforator of the posterior
tibial artery. Over the lateral malleolus and down to the
nonweight-bearing part of the heel, a peroneal artery perfo-
rator propeller flap is the better choice. In this area, there are
often iatrogenic wounds with exposed metalwork over frac-
tures of the lateral calcaneum (~Fig. 6). For a deep defect into
the bone requiring a filler to obliterate the dead space, there
are a couple of options. A slightly longer proximal limb of the
flap can be harvested and the excess tip can then be de-
epithelialized and tucked under, to fill the defect. The
alternative is to incorporate a small cuff of muscle attached
under the tip of the flap to use as a filler. If a musculocuta-
neous perforator could be found in the vicinity, this will
nicely perfuse the muscle via reverse flow; otherwise,

Fig. 6 Peroneal artery propeller flap used for coverage of a complex defect on the lateral calcaneum. This patient initially had an open reduction
and internal fixation of a fractured calcaneum which became infected. Following removal of the metalwork and an inadequate debridement,
coverage with a radial forearm-free flap was attempted by another surgeon. This resulted in an early wound breakdown. The persistent infected
posterior calcaneum defect could be seen with the free flap (A). After the removal of the flap and a radical debridement of the bone, gentamicin
beads were inserted. A peroneal artery perforator propeller flap was raised and rotated 180 degrees to resurface the defect (B-E). Healing was
uneventful and the gentamicin beads were subsequently removed. The patient eventually returned to normal ambulation with a stable and

nonbulky flap (F).

Journal of Reconstructive Microsurgery
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keeping a broad attachment of the muscle to the deep fascia
of the flap will suffice. The viability of the muscle can be
confirmed by observing the presence of back bleeding.’

Limitations around the Foot

[ have avoided using propeller flaps to cover wounds on the
weight-bearing plantar aspect of the foot, including the heel.
The medial plantar flap'? is preferred for this area as it can
provide sensate, glabrous, and adherent skin to replace what
is missing in a “like-for-like” fashion. In contrast, it would be
harder to design a propeller flap from the calf to reach this
area and even then, it would still only provide insensate skin
that is less robust for weight bearing. Similarly, small defects
on the plantar forefoot are best covered by V-Y advancement
flaps, based on a series of very small perforators. For complex
wounds on the dorsum of foot, toes, and web spaces, it is
possible to design propeller flaps based on the perforating
branches from the plantar metatarsal artery. This is similar to
the distally based dorsal metacarpal artery perforator flaps,
raised from the dorsum of the hand, to cover finger and web
space defects.'®

Experience with the Propeller Flap

The concept and design of the propeller flap is simple and
elegant. When used for reconstruction around the ankle and
heel, it certainly has the potential to provide durable cover-
age for a difficult area, with an operation that is relatively
quick and light on resources when compared with microsur-
gery. Its apparent simplicity is appealing and in recent years,
many have reported their cases,’”'? although few of these
were without complications. Is it reliable enough to use for
reconstruction in this area or should a free flap be the
preferred choice? I suspect some surgeons had tried but
abandoned it, while others continue to find it very useful.
Several publications including systematic multicenter
reviews report a total flap loss rate generally under 10%
but a much higher venous congestion and partial flap loss
rate of up to 35%.29-%? Studies which focused on the recon-
struction of diabetic foot problems have reported significant
delays with healing of the propeller flap even though the
overall rate of limb salvage was high.?>?* In patients with
diabetic foot ulcers, macrovascular and microvascular angio-
pathies are associated with impaired tissue oxygenation.25
This would present a significant challenge for any flap to
maintain a healthy blood supply, let alone one that had to be
subjected to torsion of its single pedicle, as seen with the
propeller flap. It is therefore not at all surprising to see a higher
rate of flap vascular problems in the diabetic foot. In their
review of a relatively large group of patients reconstructed
with the propeller flap, Innocenti et al'® could not identify any
specific risk factors that could have predicted flap complica-
tions. However, a recent study was able to correlate a higher
rate of propeller flap problems with an increased number of
comorbidities in patients undergoing lower limb reconstruc-
tion.?® It seems clear that heavy smoking, diabetes, and
peripheral vascular disease are some of the important issues
associated with flap healing problems.®23-24

Journal of Reconstructive Microsurgery

Dealing with the Perforator: How to Avoid Venous
Congestion

The key to a successful propeller flap lies in how the pedicle is
managed. While it is important not to damage the delicate
perforator vessels by poor dissection technique, the strategy of
keeping a cuff of subcutaneous tissue to protect the perforators
around the central axis of a propeller flap?” serves only to
greatly constrain its ability to rotate, limiting its use. Similarly,
trying to keep more than one pedicle within the flap to
improve perfusion may not have the desired effect. This may
not matter where the flap needs only a small arc of rotation,
perhaps 60 to 90 degrees, to reach the defect. Unfortunately, as
it is rotated further, the perforators become intertwined,
cutting off one another’s blood flow. Furthermore, the greater
the distance between the two perforators, the more they will
physically restrain the rotation of the flap. It is therefore clear
that for the propeller flap to rotate up to 180 degrees, you can
only keep a single perforator. Another important strategy to
protect the blood supply of the flap is to dissect out a decent
length of perforator. This is because a longer pedicle will allow
a gentler spiral twist of the artery and venae comitantes,
minimizing the impedance to arterial inflow and venous
outflow of the flap.?® For the posterior tibial artery, this may
mean cleaning the perforator from the source vessel until it
reaches the deep fascia of the flap. Near the ankle, as the
posterior tibial artery becomes more superficial, the perfora-
tor can be quite short, and therefore, it might be better to select
a more proximal vessel, even though it would be further away
from the defect and require the design of a longer flap. For flaps
based on the peroneal artery, dissecting a perforator longer
than 2 cm is usually not a problem and one seldom needs to
dissect anywhere near the source vessel at all.

The propeller concept is actually quite revolutionary, in that
the whole essence of the technique depends on deliberately
twisting a delicate vascular pedicle, while counter intuitively
expecting no circulatory consequence. Indeed, it is a wonder
that no more arterial and venous problems have been reported
with this flap, especially when the pedicle is rotated maximally
through 180 degrees. However, experimental studies on rats
have demonstrated that a flap can remain viable with its
pedicle twisted even up to 360 degrees.?*39 Other studies
showing the mitigation of blood flow reduction with a longer
vascular pedicle?® clearly demonstrate that it can work, pro-
vided an adequate pedicle length is dissected. There is debate
among surgeons whether to be more conservative with the
dissection of the pedicle and keep a cuff of soft tissue to protect
the delicate perforators,G'1 > or to do the opposite and be more
aggressive with cleaning around the perforator vessels.'® As
explained earlier, I believe that radical skeletonization of the
perforator vessels to remove the very fine fascial strands which
will press on the low pressure venae comitantes is a critical
part of this operation (~Fig. 5).”° Furthermore, only with
clean vessels is it possible to assess how these delicate veins
will lie when the pedicle is twisted. This, in turn, helps us
decide on the optimum direction to turn the flap. When
reporting their results, very few surgeons ever mention how
they deal with the perforator. In their article, Dong et al’'
emphasized the meticulous cleaning of the perforator and this
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is reflected in their very impressive results with no cases of
either partial or total flap loss.

If venous congestion becomes a problem, one surgical
option to consider is to connect a superficial vein on the flap
to a similar one in the vicinity to provide additional drainage,
but I do not find it necessary to do this routinely.?? Alterna-
tively, any lifeline perforator that has previously been dis-
sected and preserved in the flap can potentially be
anastomosed to improve outflow, as well as inflow, if needed.

Flap Size, Length, and Tip Necrosis

When the limit of flap perfusion is reached, tip viability is
threatened and with it, the success of the reconstruction.
What could be done and can it be predicted? Early signs of
vascular insufficiency to the tip of a propeller flap can
potentially be addressed by connecting a previously dissect-
ed lifeline perforator to the underlying source vessels, to
supercharge the flap. The seriousness of an established distal

E

flap necrosis depends on its size and depth. A partial
thickness necrosis may allow the deep fat and fascia to
heal with a skin graft. With a small full-thickness defect, it
is occasionally possible to re-elevate the flap, once the acute
swelling has settled, and advance it further distally to achieve
wound closure. A significant full-thickness necrosis will
generally need a free flap, in which case the undamaged
deep vessels could prove useful.

The propeller flap is remarkable not only in its freedom of
rotation but also in the potential size and length of the flap
that can be harvested safely. Over the years, clinical necessity
and the curiosity to “push the limit” of tolerance of this flap
have led to the design of longer and wider flaps. One of the
largest propeller flaps raised, measuring 21 cm long and
10 cm wide, based on a 1-mm intercostal artery perforator
was used to resurface a cancer resection defect on the back.?
In the lower limb, clearly a relatively large flap can also be
raised safely for reconstruction around the ankle (~Fig. 7).

Fig. 7 This patient had a compound fracture of the tibia, fibula, and a dislocation of the mid-tarsal joints from a road traffic accident. After
reduction and fracture stabilization with external fixators, an initial latissimus dorsifree flap failed to cover all the wounds, leaving a sizeable
defect over the Achilles tendon and heel (A). A large posterior tibial artery propeller flap, based on a significant perforator, was rotated

180 degrees to cover the wound (B-D). Stable healing with a robust flap (E).

Journal of Reconstructive Microsurgery
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Many questions remain unanswered, including the correla-
tion between the size of a perforator and the largest volume
of tissue that it can safely sustain. Intuitively, every surgeon
will want to select the largest perforator, so that more blood
will flow through it into the flap. Logic will dictate that all the
side branches of the perforator should be divided in order
that all the blood is channeled into the cutaneous flap. This
will also help to ensure a sufficient length of pedicle is
cleared to facilitate the twisting of the pedicle.

The maximum length-to-width ratio of the propeller flap
that can be perfused through a single perforator is another
interesting and unanswered question. What every surgeon
would really like to know is: how far can it reach distally
when used to reconstruct around the ankle and foot? The
original angiosome concept of Taylor and Palmer,>? based
on cadaveric injection studies and experimental studies,

referred to a source vessel supplying a composite block of
tissue which included more than just skin. It is not safe to
extrapolate these results to predict the safe perfusion zones
of cutaneous perforators in the clinical situation. Saint-Cyr
et al>3 proposed the term perforasomes for these cutaneous
territories supplied by perforators. Based on experimental
studies, they postulated that ligating the side branches of
the perforator causes vasodilation and hyperperfusion of
the flap, allowing the blood to reach further into the
vascular territory of adjacent perforators and thereby sus-
taining a longer flap. The experimental work of Cormack
and Lamberty>* which attempted to correlate the size of a
vessel with the anatomic, dynamic, and potential vascular
territories of a flap may be more clinically relevant. Recent-
ly, Taylor et al®® claimed that the original angiosome
concept does apply to perforator flaps, stating that the

Angiosome of
chosen perforator

Should not have survived

Fig. 8 The clinical reality of the vascular territory that can be perfused from a chosen peroneal artery perforator is shown here. According to the
angiosome concept, the most distal portion of the propeller flap, nourished by the third perforator proximal to that chosen for the flap, would
not have survived (A). This long flap, raised without the surgical delay procedure and rotated 180 degrees to cover a lateral malleolus defect,
survived all the way to the tip with only some very minor distal epidermolysis (B).

Journal of Reconstructive Microsurgery
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usual reliable clinical territory of a cutaneous perforator is
the anatomical territory of the base perforator and only that
of the perforator next to it. Beyond that limit, flap necrosis
will ensue unless the choke vessels are preconditioned to
open up by surgical delay or there are preexisting unre-
duced caliber vessels anastomosing between perforators,
allowing a longer flap to be raised.>®3’ However, the
implication is that one can only reliably capture the ana-
tomical territory of not more than two perforators from the
base perforator and therefore flaps of only limited length
could be raised. Yet nearly 40 years ago, Pontén and other
authors' 3 had already suggested that very long fasciocuta-
neous flap could be raised to cover defects on the lower leg.
Donski and Fogdestam?® highlighted the importance of
keeping the long axis of the fasciocutaneous flap over the
source vessel, like the peroneal artery, to capture all its
perforators within the flap. These suprafascial interconnec-
tions between the perforators effectively form an axial
pattern blood flow, thereby allowing a much longer flap
than otherwise possible to be harvested. Years later, their
theory based on these clinical observations was supported
by the experimental work of Saint-Cyr et al.>3

From observing the propeller flaps that I have raised, all
performed without using the surgical delay technique, it is
clear that the size of a perforator is important and a 1-mm
perforator is capable of safely perfusing the tissue in its own
vascular territory, as well as the tissues well beyond the
limit of two vascular territories proposed by Taylor
et al’>37 (~Fig. 8). The longest propeller flap raised mea-
sured 31 x 5cm, giving it a 6:1 ratio.” Being of a propeller
design, the perforator was located more centrally, but even
then, the distance between the source perforator and the
long limb tip of the flap encompassed the vascular territo-
ries of at least three perforators. It therefore seems logical to
conclude that perforator caliber, perfusion pressure, and the
intraflap axiality of vessel arrangements are the key deter-
minants of the safe maximal length of a propeller flap.
However, as yet, there is no test available to determine this
clinically.

Esthetic Appearance

Esthetics are a fundamental part of reconstructive surgery
and using of a propeller flap to reconstruct a defect in the
lower limb can produce a very good result due to the
replacement of like-for-like tissue (=Fig. 2). Compared
with other locoregional flaps and some free flaps, it can be
nonbulky and allow a better fit with footwear. The design of
the flap often transfers the secondary defect to the proximal
calf where there is more skin laxity, allowing primary closure
of the secondary defect. In addition, the shorter distal limb of
the propeller flap is very helpful to avoid a tight closure.
However, the safety of the flap perfusion must not be
sacrificed for the sake of appearance and where closure is
clearly too tight, a skin graft should be used. A sheet graft
sutured to the beveled edges of the secondary defect can
improve the appearance where necessary. If desired, the
graft and contour defect can subsequently be removed using
tissue expansion techniques.

Conclusion

The propeller flap clearly can be used to reconstruct com-
plex wounds around the ankle and heel. Advantages include
the transfer of healthy nonbulky local tissue to produce a
good functional and aesthetic result. The important under-
lying source vessels to the foot and ankle are all preserved. A
single surgeon can easily perform this operation with
significant savings on time and resources compared with
microsurgery. The simplicity of the propeller concept is
appealing. However, this seemingly “easier” operation has
been associated with a high number of vascular complica-
tions reported in the literature. This is partly related to the
outstanding question of the maximum length and breadth
of a perforator flap that can be safely sustained by a single
perforator of a particular caliber. However, even when we
find the answer to this, the next question will be how to
minimize the decreased perfusion to the tip of a propeller
flap when the pedicle is twisted 180 degrees. I believe that
performing the propeller flap can be satisfying but doing it
well requires good judgment, a high level of technical skill
and meticulous attention to detail.
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