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ABSTRACT 

The history of clinical skin flaps and 

exper imen tal flap researeh wa s rev iewed. De sp i te 

advaneements ln flap transfer and deslgn, skin flap 

failure continues to cause Glqnific~nt patient 

morbidity. A new experimental flap model in a fixed 

skin anlmal was oeveloped and its versatl 1 ity 

'demonstrateo. The length of time that a skin flap can 

wjthstand an ischemlc insult was measured. Thirteen 

hours of lschemla was tolprated by 50% of the flaps. 

The etiology and pathophysiology of skin flap fallure 

was investlgated hy assessing a new objective monitoring 

technique (stab wound blooù analysis) and by measur Ing 

flow wj th rad 10 Isotope techn Iques. Tt was shown tha t 

sk ln flaps fa Il because of artér ia l insu ff ie iency ra ther 

than venous lnsuffleieney. Based on th i s da ta, attempts 

to salvage the failing flap were made surgieally and 

pharmaeologically. Flap survival length was increased 

by surgical augmentatIon of arterlal inflow but not by 

venous drainage, phenoxybenzamlne, isoxsuprine or 

reserpine. Salvage of the failing skin flap remains a 
~ 

challenge to the clinlcian. 



,ft 
L' 

Il 

RESUME 

Un relevé de l'évolution des lambeaux cutanés effectués 

che z des pat i e n t sai n /foi qu' e nIa b 0 rat 0 1: r e B été réa 1 i s é . 

Malgré les progrès accomplis dans If> choix du site 

donneur et dans la mèthode de trl!nsfert des lambeaux, la 
..... 

nécrose de ces lambeaux cutanés continue de causer une 

morbiditp considérable. Un mode! pxpérImental de 

lambeau cutané a été établi à partir d'Hn animal dont la 

peau est intimement liée au tissus 8ous-cutan~s, commp 

chez 'hommp. Nous avons mesurp pendant combIen de 

temps la peau pouvait résister à l'ischémie. La mo i t l P 
b 

des lambeaux ont resisté a 13 hpures d'ischémIe. 

L'étiologie et la pathophysiologie de la nécrose des 

lambeaux ont été examinées à l'aide d'une nouvelle 

méthode (prélèvement de sang par microméthode sur le 

lambeaux) et ell mesurant le flot sangUin aux moyens de 
, <" 

techniques radioisotopiques. Il a été démontré que 

c 'e st l'insuffisance artérielle , qUi est la cause de la 
'" 

nécrose des lambeaux cutanées. En se fondant sur ces 

conclusions on a tenU! de sauver des lambeaux en voie de 

"nécrose en faisant une intervention chirurgicale ou 

pharmacologique. Le temps de surVIe des lambeaux a pu 

etre prolongé en augmentant la vascularisation 

artérielle de façon chirurgicale mais aucune surVIe 

accrue ne fut associée à 1'utilisation des medicBments 

'J 
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phenoxybenzamine, isoxsuprine ou de la r~8erpine. 

Sauver un lambeau cutané en V01e de nécrose demeure un 

défi pour le clinicien. 
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Skin flaps are utilized to close large tissue 

defects on,every surgical service, includ1ng extremity 

injuries (Orthopaedics), major facial defects (Head and 

Neck Surgery), radIation ulcers (Geneùal Surgery, 

Gynecology), and pressure sores in paraplegies (Plastic 

and Pediatrie Surgery). Failure of a major skin flap 

secondary to Inadequate intrinsic blood supply oecurs in 

10-15% of cases with increased patient morbidity ranging 

from prolonged hospitallzation to death. Salvag e of the 

distal portion of a failing flap is presently impossible 

because its pathophysiology is poorly understood. 

Methods for early detection and reversaI 'of the failing 

flap have not been devised. 

The principal objectives of the present thesis were 

the following: 1) develop accurate methods of monitoring 

skin flap viability, 2) to determine the etiology of ...... 
> 

skin flap failure, and 3) to evaluate pharrnacological 

agents for salvaging failing flaps. In contrast to 

previous investigators who studied the meehanism of the 

delay phenomenon, this report concentrates on the 

failing skin flap during Hs initial, 0-12 hours 

postoperatively . 
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Background 4 

Throughout history, the closure of large skin 

defects has plagued patients and challenged surgeons. 

The etiology of these defects has included trauma, 

infection, congenital abnormalities, and rnost recently 

surgery and radiation. Durlhg the pasl flfty years, 

reconstructivp surgery has evolved as a specialty to 

overcome thlS pan-surgical problem. Numerous 

imaginatIve operations have heen devised to lltilize 

ad j acen t tissup or te> mave sk in from a dIstance. The 

incidence of major necrosis ranges from JO-15% and mlnor 

necrosis may approach 30%. Unfortunately, it is a 

cllnically proven rule that the portion of a skln flap 

which fails is the part that was to have provlded the 

essential coverage. Flap fallure results in increased 

. hospitallzation and may cause significant morbidily 

including sepSls, amputatIon, and even cleath. 

Surprisingly, previous plastic surgery research has 

concentrated on how to make flaps longer rather thaf.l how 

to recognize and prevent flap fallure. This report 

represents a new approach to a frequent problem WhlCh 

continues to cause significant patient morhldlty and to 

compromise surgical results. 

It must be emphasized that the subject of why skin 

flaps fall has not been directly addressed in the 

literature prior to this review. Therefore, the 

following background material is drawn from related 
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1 
fields concerning the vascular anatomy of the skin, 

r 

clinical skin flaps, and research into the delay 

phenomenon. The resultlng synthesls helps provlde the 

critlcal information necessary to solve the question of 

why skin [laps [ail. 

DEFINITION AND CLASS IF ICATION 

Biological closure of skin de[ects can be achieved 

with either skln grafts or skin flaps. For the 

unin i t iated, the d ist Inction betwepn the se two 

( 
procedures is often confused. A skln graft 15 composed 

of epidermis and dermls which is moved from one part of 

the body to another and whose 1nitlal survlval is 

dependent upon a plasmatic circulation from the 

under ly ing rec lp ient bed (188). In contr ast, a sk in 

flap is composed of epldermis, dermlS and subcutaneous 

tissue whose survival following transfer is dependent 

upon a functioning intravascular circulatlon through the 

flaps intr insic blood vessels. A knowledge of the 

anatomy and vascular supply of normal skin is essential 

for a baslc understanding of current research ln skin 

ftâlJS,. 

Skin lS composed of two layers: the epidermis and 
( 

dermis. UnderlYlng the dermis is the subcutaneous 
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tissue through which runs the blood vessels that supply 
1~1 

the skin. As proposed by Danlel (41,42,52) the vascular 

supply to th~ skIn May be conceived of on threc levels -

segmental, perforator and cutaneous. Seqmental arterlE'S 

are larqe branch ve"se]" which arr> Jn cc>nl lllUlty with 

the aorta as rr>gards th?>lr pre;'Gun'. 

course in <;l plane dppp to the mu<>rlp-, ((>'1. Int~:rcostal 

vesse 18) . Thp per for a tor Vf'; "''' 1 <) f L!ne t l,'n pt l'nitr i 1 Y to 

supply thp mllfw]es throl1qh wh l("h tr,.-y p,;.-;(~ <3.ncl to sprve 

circ u lat Ion ( eg. th 0 r a c t) a (' rom 1 al) . 

are of two types: musculocutaneous and dupct r:utaneous. 
{ 

The maIn blood supply ta the skIn l~ via numerGUS 

musculocutaneous arteries WhlCh ppn~trate ~jtP~t]V from 

the underlYlng muscle through the subcutaneous tissues 

and lnto the overlyinC] (lerma1-suhrlerma] plpxi. Each 
loi; \.1iJ. 

indlvldual vesse) suppl les a relatI~ply 5ma]1 area of 

skin. This supply i5 allljmented by a Ilmlted n-.Jmbpr of 

dlrect culaneous aflerles WhlCh course parallel rather 

than perpendIcular to the skin (eg. r'lorsalls pedis). 

These vessels course ln a plane hetween muscle 3nd skin. 

Slmpllstically, skin grafts may he classlfled as 

split thickness or full thickness. Skin flaps are 

thicker and Incorporate a portion of the subcu~aneous 

tissue which insures preservatIon of the subdermal 

vascular plexus. When skin coverage is required, the 
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simpler procedure of grafting 1S utilized provlded an ( 

adequately vascular ized hed is availab1c. In contrast, .-
a skin flap 15 a more c{~mpllcated and uncprtain 

procedure WhlCh lS rpservpd for ca~ps whpfe an 

Inadequate r p riplent berl IS present nr other extenuat1ng 

C1rcumstance<, PX1St. Cn mmonly pncountprp(j situatIons 

radlat Ion dé1mùqf', hurn co,rar" (l{ cuver d'Je of psspntial 

Flaps may a150 be 

consH'lerptl If future surqery 1e: plannpd lhrouqh the 

site. 

The orIgInal claSSIfIcation of sKin [laps was based 

( on the method of movement from donor to reclpient site. 

For loca1 movement, GlwJle pedIcle [laps were advanced, 

rotated or Interpolated (186). For dIstal movewent, a 

mobile donor SIte was brought tn a flxed reClp1cnt site 

or a mobl]e reciplent SI!:e waf" approxlmated tn a flxed 

donor SI te. lf both donor and reciplent sites were 

fixed, then a temporary mobile attachment was used ta 

Jump (tumnle or caterpillar) a skin flap from one area 

ta another. 

A new class1fication of skIn flaps has evolved 

because of ar. Improved knowledge of the cutaneous blood 

supply and refinements ln the methods of movemen~. 

Daniel (41) has classIfIed skin flaps on the basis of 

their blood supply into 3 maJor groups: random 
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cutaneous, myocutaneous and arterial flaps. A random 

"" and 15 suppllpd by terminal branche" of the 'If-

musculocutane0US vessp1s (89). A specIfIc arterlovenous 

systf>m 18 not Incorpc.ratprj into the ppdicJe nf thpsp 

flaps. 

mùlt Ipl p mu~,c..: 1ocutan<:-ou;:: ilt tf>r lf'S tr-cmlnat ioq in the 

dermal Vël<,Clll:;r plpx 1. 

artery (P.q. <::upf>rfJClal tpmp0ra.J artery, dorsalls pedlS 

artery, supprPlclal In[PI lot pplqastr ,c arté'ry). 

Concurre n tly, thlS appreclatlon of the hlood supplv 

ta the sl<in has allowed more sophlstu:"-:'lterl method c of 

movement WhlCh minUTllZe wastagp of time and t Issue. An 

Isla~~ skin flap has as Its pedIc1p orly the esse~tial 

b Iood vesse 15. with less ppdicle wastage and restralnt, 

the flar can achieve a greater ~s of rotatIon ar:d 

utilization. A free skIn flap 15 essentially an ls1and 

flap wh lch lS detached from the body and moved to a 

dIstant SIte where lt 15 revascularlze~ via 

mlcrovascular anastomoses to blood vessels in the 

reciplent bed. 
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HISTORY - CLINICAL 

Skin flaps were devispd long before skln grafts. 

In ancipnt Indla, local at4vancement flaps were uSf'd ta 

close skln defpch, secondtHY tn Infer.:.!.r.?'l. Of trlillJT13. In 

lr)97, 'l'ag]laC()2'71 (}tO) of Rnl{)qn.1 rC'pcrted fhE tl~P of a 

rllsti1nt r,pcliclf" skif! fla.p frnm t~,(' '1rm t.) fP(Ur1 struct an 

SUr91C2l1 procpr;dre. 

assocjëüpd f2lCl."l1 IPJur,les, IPcor,slruct lon wlth dlstant 

tissue b~camp a npcPsslty lf othPfWlRP ~palthy young men 

were to rf?turn tn SOCIPty, Fl]atnv and Gill jp;, (210) 

Ind!?penopntly bp(Jan tuhlng (SeWlpq pari'llle] pdges 

togetherJ [laps ta reducf' Infectlc·n, scarrlng and 

shr i nkage. Nume r ou fi techn lques Wp r e dp-v- ~ serl tn move 

sk ln from onp arpa of the hody to another but thpy often 

requlred multlpl p operations wlth prolc:r--qed 

hOspltallzatlon. For example, a large }ûcm long X lOcm 

wide flap, (hereinafter flap length 15 r:pven fast 

followed by flap widthl would b~ ~~bpd on the abdomen 

for a three week "delay" per lod. Then one end would be 

divlded an0 atta~hed to the wrlst. Three weeks later, 

the Opposlte en~ would be dlvlded and tre wrlst wlth lts 

dangllnq tube f:ap wo~ld be sutured to t~e facIal defect 
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and the patient immobillze..j ln a "harnpss hélnd::iqP" for 

foùr to SIX wpeks. Once the fJar qalnp,l its blood 

As 

,f t h f ' , 

Wf !' d.\.' l '-do 

H]ê1lf (Iii. 

l n / _ 1 S l () n , W l t t l >= 1 P V.,i t Il' n i1 y ,
1 II n ri f' r 11î 1 fi J r.! ' ) f ~ ~ , (' 

1 

of tu::;sue flbro51s a"îd adél;~ Ipnal c:urqp~ 

a second school c'f fl ap de S .":1 n harl "'V0 h ,::.. j. It was 

hased on a deta::ed knowledqp of tbe CU~3r,€'t\uS vasc~}ar 

ana tomy. ln 1889, Manchot 117), 3. Gerroan ar:.atoffilst, 
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did ext€'nsivp anatomlcal ilÎsspctions of th.., hto(y] su~ply 

to thp ,*ln. Esser (f,{,641 "nd othf't<, \ r 1 II t 1 l 1 7 p ,1 

pxtrapolnte î n 1 <, ,~(,n,f'pt h, • ri r- t ( 1 t t;t 1 lf1 " 1 rI t , 

thç., t ~ ur ;H~( "~T' l'~ ,1' • 1 (' '-1< II. ..., r 1 .. 1 - t l, f' ... ' . () . 
( l 14 ) Pl('IiFf-T p,j ;:\1 1 r) l ,-t fif 1 .• ~ r ,.) Y f , 'l' r ;-1 r rd , r 

fi 1 '11 t "J l riF l' r ) \,/ (~(' { , ; .1 ) ~ llli -1 ~ f f , • r r f ~ t (' ~ 

CrI t ~ -31 ,j[ f "1 '- l , f l' t 1 (. ~!~1r~.,1~ 
, , 

l' dl 

surqer y. Pr lOt to thE' lqf'\~: T:nman 

large :aclal oefpc-t-:=; folloWlqq cancpt 

, l : t 

l '\ 1 • J.f' 'r, 

. , r. 

" 'l, . Fi ~ 

; l t t 

t r. ( 

i t 1 flr 

r l' 

"'r 

t (, 
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preoperative delay procedures WhlCh precluded early 

surqical eXCISIon and had a hiqh rl~k of npcrOSlS. Due 

to its .'lx!al artprial hlnod supply froID thp antprior 

thO[ô.Cli' {JprfrJratnr r , the r1pltnpi"'ctora! flap (44) 

by pprrrlttln'l lî!'jf-r If-'~Pill',n< wlth !f-<,'-::,pr.-d mort,]dity 

and prlrnary r;:::,(",nr;t r'Jet l"n. 

N~w flap~ WP[0 rlpSlqnerl to retaln 

(46,'JO,",I,10h,lj 'l,L,r.l ,pd t",' }r,r:urporate VIable bone 

(161,2fu). 

extrpml+:l· 

The pprfectlr)f1 ,~·f (ree tlSS11P rransfers by 

r: r 1") \ T P n t l r, f 1 a 1 
'\ 

seccndary bor'f' 

lone ... ,sta-:::e free 

than conventlonal bene grafts, as weI: as t~e reqùlsite 

, , 
l 

~ 
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skin coverage (202). 

Concurrent with the evolution of free flaps, a 

separ a te group of lr~Vf>st i 9 ator s deduced tha t the 

vascu]arity of many random pattprn flaps could he 

Improved by plpvatH,'l thp \lnoprlvjnq rnÙ~>f le with the 

Tr,p hlood 

supply tn mllf,ele w,'t- IH [lllnal1'y r1!'tallpd Il'1 "nmpbell and 

Pennefathpr (L',) tiUt lt Wei') nf,t l!tl]Jzed hy 

rE:'con2tr'JcllVf- '~l!rqf,c,n~; Ir'I 'Jkl Y fli1p dr·'" 1'1 ri untll the 

last rlPtrlOP (161,lfJ4, .. Me C r a w (J:I J , 1 .te 4) h il :'" P .i Cl Il e pre d 

flaps. Myucutanpous flaps are ,',f JJë1tt 1 1.·ular valup fOt 

Cover Inq pxp()~ed véls'~lllar pro'3l:hps 1 C; J n tilt:' .Lower 

extremity. D'l"" ti) t~1P prrvelan~ 1;-,chf--ffl1C ar,j/or 

Cl iabet 1 c eond l +:: Inn, cnnvpr,t 10na J sk ln f laps r-'lve an 

unaeceptahle hlqh cnrnpl1catlon r~te. MyClc ù t a f1pDU S 

flaps, I?specL:!lly UV" media} qac:+-_rocDPmlUP (1',,'),12')) and 

tensor f3SC18 lat" Ir1~)), <::"éln r'rf_'\ilrJP p,:-cp r ltl;'3i Skllî 

coveragE' \NIth =0 mlnlïr;.;l c,_)mp11(,:;t lc\n r,1tp (l~) ln 

a d cl j t ]() r. tlw 'J r a C l l ,c; my or_ li t a Tl P 0 II S fl Cl p (l 2 ~ \ i111 ow S 

vagInal reconstrurtl,:,r, and C'10[:'H(" of lau:je ..:.rradiated 

lesions dl the ppr ln'" JIn. 

DUrl'lg the p3St 'îecade an Increased knowledge of 

thE:' blood supp!} ·0 .he skIn plus utlllzatlcr of the 

operatir.g InlCrcsc-::'pe 81) , 16 1) ha s i r11 t ... a te d a 

renalssa~ce ln reconstructive surgery WhlCh ~as been 
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manifested in aIl surgical specialities. Reconstr ucti ve 

procedures that prevlously were elther Impossible or 

requued multiple operations ean now be done often ln 

one operatIon wIth enormous benefIt for the patient 

(18,43,48). 

CLTNICAL S=OMPLICAT~ONS 

Slnee the prIncIple purpose of a 5kln f1ap is ta 

15 if cast r1strophic C'crnpllcatlofl. CIHJICA.lly, sUn flap 

fallure c;~n rf'suit Ir' sepEIS (occdlt orocut-ilfl'?OUS 

flstulaSl. exposure üf cr It ical structures (maJor 

vpsspls, PPIIC'i'HdlUm;, pxtrpmlh; i'lmputat:lons and pven 

death (carotld blow-out). 

fallure Include systE'mlC fA.ctors i infectIon, 

malnutr It 10n, h'/potpnslon, artpr FJsC'lF'r'Jsls) ""nd local 

flap fact~_'rs (I(}nklnr~, comprE'SSH'~ or t:enSl0n·, In most 

cases, the f'xtr LnSlC factors can t)e pre\lenteil by 

preoperatlvP patIent FrepA.rat10n and at~pntivF 

postoperatlve nUrSI!1g care. As E'xtrl!1SlC fac:ors are 

controllable, tr,e prunary cause r·f skin flap failure is 

an Intr InSIC factor - Inadeg.':l.~te. l1utr lent blo:-!! flow. 

The preCIse patr,ophys:cJlo<J:I of tl"' iS poor flow state 15 

Inadequately understood. It haf- teen theorlzeô by some 

that InsufflClent ven=~s draInage is the prIwary event 

(97), and by others that a decreased arterlal Inflow is 
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~ 

to blame (168). 
1 

Still others postulate that flow is 

shunted away from the nutrient capillaries through 

arteriovenous anastomoses (174). The vaildity of each 

of these ccncppts is still questionned. Surgeons do not 

understand why flaps fall. 

The campI exit y and irnprecision Invo]ved in the 

treatrnpnt of this C'ornpllcq,tion IS Illustrated in the 

method nf ,·yeeutl'}n of a conventional skIn flap. The 

flap i5 dp~l~npd ta cov~r a defect on the baSlS of 

generalizpc1 fjuidplJnps rlpriven from a knowledge of the 

cutaneous blood supply. The flap ls then elevated, 

transfprrpd and sutured lnto the reclpient bed. If the 

color of the flap looks "good" to the surgeon, dressings 

are applien and thp operation 18 finlshen. If the color 

look s "bad", tbpn the comprorni spn por t ion i s re sected 

and alternate rnethods utilized. If the f1 ap slow ly 

fa il s postQpera t 1 ve ly, not h ing is done becau se 1 t lS an 

"instrinsic facloi n. Tr,us, a total 19norance exists as 

to why fJaps fail as we~l as to how to recognlZe flap 

failure ear:y and what ~an be done to salvage the 

failIng fIaT-. 

Only a few feview s~udles of fJap fallure exist in 1 
the literatvre. ComplIcation raLes of random cutaneous 

flaps for paraplegIe prpssure sores ls reported at 15% 

( 72) • Dawson (S4) reported that randorn cutaneous crosS 

leg flaps had sorne forrn of necrOSIS in 40% of cases with 

\ 
! 
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,( 
12% attributed to intr insic factors and 28% to 

infection. In a review of 196 tube~ pedicle flaps 

(random cu taneou s type) Str anc (197) reported the 

incidence of instr insic necrosis ta be between 9 and 

20%. Sta t is tics for fa ilure of myocu taneous flaps have 

not been reported but distal flap necrosis does occur. 

Arterial skin flap failure rates have been reported 

primarily for the deltopectoral flap. Gingrass et al 

(74) noted that necrosis of the distal portion was due 

pr ine ipally ta inadequa te vascular i ty and secondar ily to 
~ 

extr insic kinking or t~nsion. Krizek (110) evaluated 57 

deltopectoral flaps and found major necrosis in 10% with 

minor nec rosis in 24%. 

The failure pattern of free flap transfers by 

microvascular anastomoses represents an interesting 

contrast ta those of conventianal skin flaps (185). 

Since a free flap usually has a single artery 'and vein, 

it is generally accepteo that arter ial thrombosis causes 

a white flap whereas venous thrombosis causes a cyanotic 

flap. If the problem is recognized and corrected within 

6-8 hours of its occurrence, then the flap will survive. 

If the anastomoses can not be revised then the entire 

flap usually necroses. It is tempting to postulate that 

salvage of a failing free flap is comparable ta the 

problem existing in the distal portion of a standard 

flap tha t fa ils. However, deta iled analys is 
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demonstrates signifi.cant differences in the two 

situations, Rather than representing reversaI of an 

intrinsic fallure, revision of an anastomosis is merely 

correction of a factor external to the flap itself. In 

addit ion, a faillng free flap is either totally ischemic 

from blocked arter ial input or undergoing engorgement 

due to blocked venous drainage. In contrast, the 

imbalance of the microcirculation in the distal portion 

of a skin flap is probably shunt per fusion or inadequate 

perfusion of the capillary bed. Whereas external events 

will permit salvage of the faillng free flap, successful 

man ipu la tion of the mic roc ircu la tion has not been 

achieved for conventional skin flaps. 
1 

In surnmary, despite advances in skin flap design 

and methods of rnovement, complications continue to 

occur. Since current reconstructive procedures are 

often more extensive than prev iously, flap failures 

cause greater complicatIons. The exact pathophysiologic 

mechanism behind this failure is not understood. Thus 

it is imperative that a technique for early detection of 

impending flap failure be developed, that we understand 

the etiology of the failure and that treatment be 

available to reverse the process. 

1 

1 

1 
1 

v-
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HISTORY - EXPERIMENTAL STUDIES 

Since Filatov's (53) Initial descr iption of the 

tubed pedicle flap in 1917 which was based on 

experimental flaps in rabblts, skln flap research has 

continued to Improve clinlcal techniques. Until 

recently the main goal of this research was to develop 

clin je al guidellnes for the sare timing of flap 

tr ansfer . Un for tuna te ly, numerr.Q.0's sk in flap desig ns 

have been investigated in a wide varicty of experimental 

an Imals. Data obtained in dHferent specjes are 

probably not comparable and substantial differences 

ex ist between fI aps of var lOUS desig n. 

Popular exper imental mode1s have Included those in 

loose skin animaIs - rat (130,218), rabbit 

(121,151,184), and dog (60,204) and more recently fixed 

skin anima1s-pig (10'1,168,194). In loase skin animaIs, 

survival patterns are extremely var iable and usua11y 

only one flap per an imal is crea ted. Thus each an imal 

does not act as his OW'n control and separate control 

groups are required. Finseth et al (69) developed a rat 

abdominal flap who se control survival area was 10.4cm2 + 

6.2cm2, a greater than 50% vadability. Myers and 
i 

Cherry (151) have employed a rabbit back flap whose 

survival ranged from 2 to 8 cm with a mean of 4.5 cm. 

In these experiments large series are required. In 

i 

i 
t 
Î 
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fixed skin animaIs (pig), numerous flaps may be designèd 

on each animal permitting multiple experimental designs 

while retainlng a control. Milton (141) was able to 

achleve a conslstpnt survlval length in pig ar-terial 

flaps wlth a ffiertn sllrvlval of 11.3 cm -+ 0.4 cm. 

As our llnderstanding of the skin's vascu]ar anatomy 

improved i t hecame app arent tha t loose sk ln an imals 

possess a slgnlficantly chffpr-pnt cutanpOlls blood supply 

than man, a fixed skin animal. Rabbits, rats and doqs 

have a dpnse1y hiilry fur winch is loosPly dttAr;hed to 

the underlyinq muscle hy areola.r tjSSllE r]('VOlf:l of 

numerous bloorl VPsSP l ~>. The sk j n vesse l s enter cephalad 

and caudad ~s dlrect cutaneo,ls vPf;spls then run 

longitucUnally ln close associatlon wlth the panniculus 

carnosus. In man and pig, the skin is sparsely covered 

wlth hair, firmly atta.ched to under lying muscle and 

penetrated by numerous muscu locutaneous arter les. 

Although the panniculus carnosus 18 present over the 

abdomen ln swine, it lS without specIal vascular 

properties and lS comparable to the avascular Scarpa 1 s 

fasc ia. Slnce the pann~culu s carnosus is absent over 

the buttock, th~s area provldes an Ideal site for the 

design of exper imental flaps [or research. For this 

reason, pr ior exper imen tal st ud ies can not be comple te ly 

accepted and must be interpreted wlth caution. Prev ~oup 

experimental skin flap studies can be dlvided into three 



,: 

Backg round 20 

major areas: 1) anatomical changes in an elevated flap, 

2) physiologie changes, and 3) methods of augmenting 

flap surv Ival (delay phenomenon). 

ANATOMICAL CONSIDERATIONS 

Morpholog ie chang es in sk in flaps have been stud led 

ln regards lo flap desIgn, change in blood vessel 

caliber and orIentation, as we]l as (>vidence of 

denervat ion. Pt lor tü 1970, SkHl tlFlp design wac; based 

on a length to wlùth rat io (1 qr)), If'. a flap wOlJld 

Hs wl<Jth. Howevpr, th"" eXpé?flmentftl studies of Milton 

(140) and of Daniel (42,')2) t~ave demonstrat(>d that the 

length to wldth rallo 1'3 not appl1cable Ln rawjom, 

arterialor island flaps. ThiS research demonstrated 

that a flap's survlvlnq lenyth is determlnE'd prlncipally 

by Its blood supply, not by ItS width. Therefore, the 

best means of aehieving increased survlvlnq Ipngth, 15 

to augmen t the blood supply, \"lot to Increase the flap' s 

width. Augmentation of blood supply ]8 done by 

designlng the flap in the area of a dIrect cutaneous 

arter y or over a musc le tha t has a dominan t vascu lar 

pedic le. Previously, clinical SklD flaps were designed 

on a length - wldth rat1o, they are now designed in 

regard to the underlying vascùlar anatomy. 

Anatomica l chang es of the vaseu lature in sk in flaps 
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have been docurnented by hlStology and microangiography. 

German et al (73) InvestlQated changps in dog tllhp flaps 

and [oolnd tr,,:ü wlthln 10-14 day<-:; followlng flap 

ax 18 (l é}) • 

l'f llrn,lrt And VI': larll'· r (14) "tlld].-d <1 r"'lbbit 

W 1 t " ln VIV" 

day (li:?,lfl4/, It apped[C tlJiit tllood flow ln ,3kln flaps 

lS basprj on i'l rhlat 10n of ùnd reor Ipntat Ion ln 

preex 1 c;: t Incl rhannp 1 sand .--,{)t il""',] e lopmpnt of new vessels. 

Wound edgp hpalinq IPùds t0 supplementary 

vaseularlzatlcm from the f-A::>riphf"ry. 

H.lstoloq le cbanges ln hoth 3utonomic and cutaneous 

sensory nerves have heen documented ln skln flaps with 

h istochemica l tpchn iqups. ( 1 6 r) ) , usinq a rat 
- $ 

dorsal flap 'a random cutaneous flap) stùdled the 

(-- catecholaminp content of sympathetlc nerve termInaIs by 
\ 

t he forma Idehyde l ndueed f luore scence techn ique. He 

documented disappearence of catecholamines by 30 hours 

fo11owlng surglcal incision. Relnnervation and 
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accumulatIon of catecholamines beqan 4-8 wepks 

pO'3tOpPf a t i VI" l y. Warl'3 (209) a1so U51"'1<'1 a <lorSê\l rat 

flap im:p.c:;t lqatf>d catechol;:;mlnp!" wlth t,oth formaldehyde 

and qlyc.xylu: aCld l.n(hlCPrl flllorl"-sC'PDcP. Hl c:, flnd 1llgS 

thE' 4th r"J'-it(\\.-.F[dtl\P da','_ 

Rat\,pr, flap 

denervat Ion occlJrrp(j f(îl1owlnq c.rtlerml'11nq of thE- ckin 

thus pffpctively sympatbpctomllFiq thr- f1dJJ. 

Vascc.Jlar changes in thp distal pr·r, )()n c·f a falling 

flap have not t)pen ctudled hlstc loqiré3~ Iy or by 

L mlcroanglography. ln adiiltlon, ~Jq::, status of thp 

sympathetic or sensory innervatl~n of 1<31and and 

myocutaneous filaps havE" nc,t bf.\er< f"valuatp:d. Most 

i, th' d ,--,' prevlou8 proJec save utl .. lze :oose Sk 1 n an Imals and 
, 
\ 
.. --ther efor e need to be repea ted ar d expanded ln an 

acceptab le fixed sk ln an ima 1 mode 1. 
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PHYS IOLOG lC AL CONSIDERATIONS 

Phys101ogl':al crl~nqefi affecting both the metabollc 

Mptahnl1\' 

a pf' ~jlfff" f n\ (- f 11-" >c t Il ,if' -) . lr, 1 !-t W f'f , 
( '( i rIt r (\ l ;1r p ;,s 

an'1 ::; ~;k 3 r f 1 <'1 (, '\JO..' l~ -, ( , <nI'''!. JI W 1 + , , 11 r " , ~1 1 w ~ 1 (\ 1 (' a r 

ae !t'lC fI i ~-; Pl( f- ~~ ,d t Il 1 c, r' 7pl 1 ~~ jl<,)~< 1 1 fT!~ ,<-'nd 1 TI'l 

necr - C-;lS. llmo l ! • ha t 

r e t II r !H'd +- n () r TT'?l 1 W 1 tri 1 n B ' ) Il r s : ~I t h f - " 1 iî r l p po r t 1 :J n • 

GuthrlP (r"1 ('()r,rluded th;it ~jrvi\,,"Il <)c:,')r''; If thp p{12 

and the P(:~ 2 is -lrpat0t th3r qOmmliG, 

skiro flap'" l'lut WP! f-' apparpnt ~/ aba r 10ned :.~ùP te. thp 

to t j'H" fl a;:- by t r p t p (' !; n l q U p 1 +" 
> 1 si JT'p l Pt 

techr,lques were 3\railat If-' te' =IaLn t-~,p sa'11P InformatIon, 

they would C'ontrl:Jute ~lqnlflC'antl: to C',.<f understandlng 

of sk ln fl ap phy S loloqy. 

Intr'3venou'ô fll!(j[eSCE'lT"' is the most wldely 

ut i li z ed te s t ( 5 6 • 99 , 112 1 128 • l 4 7 , 2 :::; 3 ) • Fol1ow Ing 
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i n j e c t ion an deI r cul ~ t 1 0 n, f l 11 0 r f' c; c pin 1 l f flIC; P c, 1 n t .- thE' 

Inter <:~t It 1 '" J ~ , , Hl) "",.-,pr p hy 

pli <'\III ""Tl 1 1;· 

Addl t_ j(lnrl, " ,j 

, ) f 

if'. "0',\111 l Il f' ,P, " )( r 1 i t ,"'-" \, t " î 1" t, fi" : p ',! ., j 

1 Il f hl 

prPlt. t 11-;, r,,!, IIi.1! :,n(j if 

fI r . l', , 

w i th. r O. r, 

clilîl"al1y le; th",t f,[<op npq~"lVP~' "'IP tl-,,,,, ml_'<::t Frequent 

causp ')f 1'-':'CCIlI.:J:/ wltl\ thl"- test. 

;:;uant:~atl\;~ 

clear ance 

radlcactivp label:ed rr.lc-rOSprf'TPs. Utl1:;ZlnQ t:he 

Intraderma':' sabre lnJectlon ;'est, ':,mwa 1' ("3'3; found 

that tubed flaps at thr."e weeks hao a gre-3tf'r clearance /' 

rate than control areas (ie. an increase ln blood flow). 
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Bynes (95) prnployed thp Intradpr mal i1trop 1 n,p test and 

çoncll)~p<l tr,'J+ If +hp C;yc;tf>mlc pffpc+':' nf +hp cl"'arpd 

1 2 4 ), • ,- il t , < " r <1 ' 

(, f 1 [h ,c, i II l, fi, '"," ( 'j < . 
ffiP?t <:;1 1 1 ' 1 .11 III t , 

C hdWlf ~ f t w ~ . Cj ,l, , 

rppor tf , an ~rn( fi 1 

atttlt tpl l' '" 

111 dfl i Pl' , i t- 1" r' 

fol low i r 1 '"tl' ; 1'- r 'y 

E'r'lpma. 

f 1 (H III 

t '1 i ,-

' t f' lf-

~.f- 1 

! Uf ) " '1 IWPV ~ 1 t J f1d' ~ ,-' f 

f l ow , .. ~ (k ~ ! ( " l,", t i \I~ ('" 

f 1 ;11 Ind ::. , '(It , , l , 1 t L.., ... HE' 

r P,l <,[ " L! f ; , ."" t=ilq 1 

• Il J, ,"l ' 

tw 0 q r { . p s : ~ - f fil '\ 1 ' n ! 1 fll 1 t p ri ' :-' s t a ( _ " c, (r. =< , T,_') and 

antlpyr:r,p) -; ) . 

Na 2 4 (; <, ~' '} , ; ,l ~, 1 L' 1 af, i [1 1 j 

blood f:!CJW ir, "nab:E: pi'} skln f:'aps w."h 1'c.:,.:::j clearAnce 

rates beginnlng 24 hours postoppratively anc: ccntlnuing 



va .... 

• 

Background 26 

at dally intf'fvals for 2 weeks. Blood flow deC'rensPrl 

for 2- 3 days be f(;r E' Incrpaslng t (' ite; max 1 JTli" m hy thp 

6th-lOth OrtY, W 1 th rpturn tr) or Lplow ' nn t r ,-, l valups by 
,.' 

2 Wf>pk s. 'T'hp lTln F>r pr,'t- lf'm WItt the I\.'iJ4 ,1 ri' i 'p"q g 

may bp (-~r r If ,0 'ilt 1 Tl 1 X, n, fi 1 ~ (iP' 

(175) . Wl th X" 1 \ s 

whprpa,c; the f ! ' 'lA. ,jt-- f r f' êl - P, l t, l il '* YI t '-.- l 1 r "t 

postoper -:l t 1 v(~ i,"ly" 

( 6 S % oC' r u r r f' d 

no r ma 1 r i ~'w P pk'" , 

in eXpE'I nTlenta = flôf--S. 

this tecbnlqlll'- IPvo!',tv';li7pn (,I]r I::'OW:~r't ,'f an'] our 

approach to sI<" '1 fI ap pat hoprVSF ~'~)(iV- Ir" ~ F k "'y 

micron mlcrnSF~prp dIstrlhutlun 

radioactIve re::'! blood cPl1 rlu:;tr:r;'Jtlc~ ln th. vIable 

and no n v 1 ah le po r tIC n 0 f apI q s k Hl Cap. Re 

demonstrated t"',e presence of red bJ.ood celle; in the 

portion Gf the flap that was dest.À-ned t0 necrose. He 

( 
hypothes 1 Z ed tha t th IS da ta demon stra te d flow th rough 

j 

l 
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non-nutrlent anatomlcal shunts (artprlovpnoUs 

cIrculat l',n. 

fOCllSSPc! ,r, thF f j(lW 

flaps . 

f,,,fJqp~) ln 
., 

• 24 !Tl 1 /rn ' • l : J (i' ~ 'T' " ' 
'nw 1 n'l f L'li' 1 rd' l',' 1 r, ,r' 1 .,!P,ration 

bloud fI, lW 1 fi t 1 r 'r x 1 fT'c1 J ut , t t ~ ,1'- \~r w..; 

siqnlf 11 -; r," l\- ' , 
J' f 1 t r f • i (h l'l' f- L t ; }J f *, w~ 11 p 1 n the 

dl'=,'_d 1 f.' ' f t 1 { } ri j{ l( 1 FI 'tW Wi' c, 1 1 • • f , ' ., ri .-
, r F i{lW 

control , , "w( ( 1 
, 
~I 1 r, ' l ,i t 1<- -H. If ~ • 1 4 r (;11 t ;:; (f3;: ) 

f01JT1d (\1 t ('=t(lf (I!J{~ f 1,'\0/ r i te' of Il , , TlI 1 mIn 1"(J,lfT' JI' 

rates ()f 

r"llnWlnq a f1pli'lY f'!')(,'f'-'1uIP, lI\'i)(llllFll Flow 

(4.6 ml/mln/1001(ll) occurrpj on thp 6th pnstoFPratlve 

clay. 

Unfortunately, nr:'ne of the prevlouc; research has 

measured flow ri'3+: iJ s durlnq thp crl t lcal flrst 12 hClIJrs 

fol low i n q fla p Çc: '" v a t l " n • 1 t 1 q k: r'\()W n f r ,:) lP 

W l t h st and '.1 ptt 

(l2i,2nl, 

hours foliowlng flap elevat10n tha~ uur pfforts have 

been foc·Jssed tD ''lellre3te what cranges are occ:Jrrlng 

and how we can modlfy them to gaIn Increase flap 

,~ 
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surv 1 val. PhysIologie sturllf'S of flow changes in skln 

var lOUS ar llT1d1 '::!--'PC IPe::. ('(wflicti"î1 
1 

Inf ,rmat 1')11 [pr;ders 

analysis ,iJfflc"it. 

hOlu'- 1 (J 1 'w 1 nq 

Surqpry."· 

unk nown rl~' 1 ) f r ' ! r 1 (, : ' .q i c 

fi t~ ~t ,l,I , ""iWP' WIll' p found. 

AUGMENTIW: FI,Ar 

pro b l pm, ;::, c. u r (J ! _ .'! 1 t f-~' ~ 1 n 1 q , ,"" k nr lW riS t - ç. "d p ~ "l Y 

1 ong l t U('Il r: a 1 s]' l cc c, i) f " pot p' t J i1 l 0-, k J n f -:. , p pl,. c;; 

pedlcle f: ap. 

transfer was orl:::l!1all;-' base-:! on E''11pUlca: obsprvatlons 

and la ter phYSIOlog le teE'ts. Tt- E' vas ~ ma je rIt Y 0 f 
1 
• sUn flap research was deslgned to Jnderstand the delay 
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mechanisrn (154) and to duplicate it by non··surglca1 

mean s. 

1'0 prevpnt rpcrOSl S Sf'CC ~ldary to inadequate 

1'hlle.. it hAS hppr postulated 

mpn)\,.nq nutrlf'nt blno.j flow. 

Brown ano M('!)()Wf (2 1 

cone F pt w 1 ~ h hl' 

radIO l ")ot(Jf (' ,_,tu·;,p,; (if rilt f1ilpn. 

aeutp 1 ( P]fCVi'ltPrj 'Ok in f ~rlp n Jld SUlVlVp ~ 3 hours of . 
tota;' lsch'?mla wt-<:,rpa, -j p layp,j f1aps C"'oul-'l withstand 

on1y 4 hours of 1s-·hpm~'3. 

'T'hus ImprOVI?~~ vas,-,larlty is now considered the 

mecha01sm govf'rnn',g th/-'- dplay pheJ'l()mpnon, but what does 

this ::1ctually mpar:? le: iL a 'esult of vasodilation 

seconJary +n symF8thectr:my êl2 pf0pcsed oy Hynes (96,97)? 

18 It dut' te a locally lnduee-3 reactlve ryperemla as 

postu':'ated by Bra;tnwa:+-p (2\,? Ts 1t due to a'1 

inflarnmator-/ reactlon as thecr lzed by Ve1ander (207)? 

Or 15 it d:..;e to 8::1 arter loven8US sh, .. wt ad:::Llstment as 

suggested by Rein~sch ;174)? Changes in f10w of the 

i 
1 , 
1 • l 
; 
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microcirculation are regulated by multiple factors (45). 

Therefore, adjustment of any single factor could account 

for the improved nutrient circulation induced by the 

delay procedure. AlI of the~above hypothese may in fact 

be correct, or at least in part. 

The sympa the tic nervous system is the dom~nant 

regulating factor in skin blood flow. Wlth the incision 

and elevation of a skln flap, the sympathetic 

neurotransrn~ttel sare depleted wlthln 36 hours 

(61,165,209). VasodilataUon ln response to delay must 

occur. Efforts to lengthen flap survival have 

concentrated on manipulation of sy~pathetic nerves and 

their receptors prior to flap elevation. Sympathetic 

axon blockers inclurling reserplne (40,102) bretylium 

(101), guaneth~dlne (101) and 6-0H dopamine (101,17~) 

improve fl ap sury ival. Alpha adrenerg lC receptor 

blockers including phentolamine (100,160,212), 

phenoxybenzamine (153,212)., thymoxamine (12) and alpha 

methyl-p-tyrosine (101) improve flap survival. Both a 

beta adrenerg ic receptor block er, propano 101 (la 0), and 

an agonist, isoxsuprine (66,68,216) have increased flap 

survival. 

Locally induced reactive hyperemia a1so regulates 

the microcirculation. Factors including bradykinin, 

histamine, prostaglandins, hypercarbia, hypoxia and 

acidosis cause vasodilatation. Skin flap survival has 
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been augmented with histamine (107), DMSO (4,5,131) and 

other prostaglandin inhibitors (181) as weIl as 

hyperbarbic oxygen (79,102,132,169,170). Other 

experiments with the same agents have not lncreased flap 

survival (143). 
~" 

Skin flap survlval has also be~n 

increased by an in flarnrnatory reaction induced by the 

injection of formic/acld (62). Other investigators have 

successfully augmentE"",d sk in flap surv ival by alter ing 

the rheoloq jéal properties of blood (176). 

Arteriovenous anastomoses have been experimentally 

manipulated by Relnisch (174) and found to increase flap 

survival. Rowever, during maipulation, blood Flow was 

not monltored and it is unclear If the effects were in 

fact on the arter iovenous anastomoses or on another 

portion of the microcirculation. 

In surnrnary, the mechanism by which delay procedures 

augment skin flap survival lS still&poorly understood. 

There have been multiple scatteted attempts to duplicate 

the beneficial ,effects of delay by pharmacological 

man ipu la t ion. However, in none of these studies was the 

drug induced effect investigated on an ana tomical or 

physiological level. The reasons for the beneficial 

effects were only postulated. In addItion. most 

manipulations were utilized as a pretreatment prior to 

sk in flap eleva tion to ine rease the surv iv ing leng th of 

a flap. At present, pretreatment i8 not a clinieal 

i \ , 
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necessity. Rather, it is salvage of an already elevated 

failing flap that demands assistance. The effects of 

pharmocologic manipulation require more careful 

delineation and an acceptable mOde~of treating 

failing flai> must be developed. ''-2 

.. 

the 
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Skin flap failure is a significant clinlcal problern 

which has not been adequately investigated. Pr ev iou s 

research concentr a ted on the mechan 1 sm of the rh: lay 

phenomenon, an lnC!f~aslnqly antlquatt>d prOCPOIIre, and 

has iqnorer] thp cr 1t ical questIon: why do f,kHl flaps 

fail ? 

The prr-r:pnt thPS1', 15 divHlpd lnto SlX papprs Pileh 

deallng Wlt h n "peciflC asppct of rxppr IlTlf'ntal skln flap 

new aoo versatllf' pi<'pprlffi P otal :-;kJn flap lTIc>r1el Hl the 

pig, a fixp.j skin .'3llirn3L. Numprous use":; of tt-,lS flap 

( are demonstraterL The sE'cono study was deslgnpd to 

evaluate the duration of the lschemlél tIm~ that island 

flaps and cOl1ventlonal flaps can tolpraU' and still 

remaln viable. This eritical jschemIél Ume was used as 

a gu Ide in subsequent stud i es to de termine the fr equency 

and duration of monitoring or the tIming of treatment. 
J 

In the thIrd paper, currently employed subjectlve and 

objective methods of monItorIng skin flaps were 

appraised and eompared to an evaluatlon of new 

techn iques. These new methods (stab wound blood 

analysis) are ones that have prevlously been proven 

useful for monitor Ing neonates. 'In the fourth paper, 

the pathophysiologic changes occurring in a failing skin 

flap during the critical ischemia period were 
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investigated. Acutely elevated flaps were studied for 

chang es in total flow, nu tr ien t flow and shunt flow. 

Based on these findings, a new hypothesis of skIn flap 

failure i8 proposed. The fifth 8tudy 18 designed to 

determine the vascular basis of intrlnsic dIstal flap 

necrOSIS. Do flaps fai1 because of arterlal 

Insufflciency, venous inadequacy or hoth? The flap 

model descrlbed in tbe fjrst paper was modified ta 

permit selectlvP augmpntation of the vpnOlJS or arterial 

supply to tbp fading p(}rtlon nf the SkHl flap. 'J'he 

final 5tudy rjpscrlhes thp systemir treatment of pigs 

with various drugs. Tbe drug s wpr e chosen hecau se of 

their theoretlcal abillty to Increase cutaneous blood 

flow. This 15 the fast report of a àoubJe bUnd 

experimental desIgn ln the treatment of fa111ng skin 

flaps. Pigs are used because of thelr fixed sk in and 

treatment is begun postoperativei'y 50 as to parallel the 

clinical situation, 

l' 

1 
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EXPERIMENT 1: 

( 
THE OMNIPOTENTIAL 

PIG BUTTOCK FLAP 

j 

L-_ 
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INTRODUCTION 

Sinee Filatov's (210) Initial research w1th tubed 

pe(ijic]p flaps ln rahhltc;, rlastlc surgpol1s hi'lVP uspd 

1 
CIl n Ica 1 t ('('hn: .:rUf-><;, 

Wh f- t J (, 'u l ,j 

t r '1 r, c, f p t r .- i J 1 V;. , il t l' t 1 \ P 

N\1'1If-' 'l\!' f'Xf,pr lmental 

( 

necessarj tn develop ,) npw PYpf'rlmPllti':l,} C;IUll flap which 

WOùld alinw ITlOr'" âccuratp n'pl1catlon r:f cliniçal 

technlqups. Baspd on t11PSP cunslderatl~ns, an 

omOlpotentlal tuttock flap ln the plq has been deslgnèd 

for skin flap resf:'arch. 

MATERIALS AND METHODS 

The pi9 buttock flap measures 18 x 10 em and is 

( located wIth its cephalo-dorsal corner at the anterior 
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( 
superior lliac :=-pinp (Fig. 1-1). Thl'; "lfPi'l pf the plq 

eut a n PI II) '-- ~i r t p r 'y • 

c()rti'lln~, ~~,( dlf' 

('Ir dmtlF,; IliA, ;,rtfCry\, 

''',?è: :-'ljt -,rl( (_;11'-':: 111::- t .- lt,!]t l f1 I·f ,.. ~I J{ rll- l 'ft l'<i~ 

t ( 1 ; r, i 

f () l _ "w 1 Il' 1 - k \ " f, 11' f 1 f -, - ;~ 1 r, (r, J : 

( 

neurovascùlar) . 

OPERATIVE TECHNIQUE 

WhIte Po]and-China pigs weighing 20 ~ 2 kg are used. 

Animals se~ated with acepromazine are anesthetized with 

intravenoûc; sadI lm ttnopental, )ntul1atpr~ and thE"n 

mal~tained on a mIxture of ~xygen. nltrCJS oXlde and 

halct hane. USIng a standard gnd, with t,he plg in the 

lateral decubitus posItIon. the flap i8 olltllr,ed on t.he 

buttock (FJg. 1-2,. Cross hatches are rr.arked to 

( facilitate correct alignment at closure. The standa rd 
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A CI ~ Ti i*10cm 

N *, 1* *1' 1 L ________________ J 

18cm 

v v 

1 

Fig. 1-1 Schematic anatomy of the pig buttock flap. ASIS = 

anterior superior i1iac spine, A = deep circumflex 

iliac artery, V = vena com1tan, N = lateral 

femoral cutaneous nerve, * ;: musculoc.utaneous 

( perforators. 



Fig. 1-2 The standard 18 X 10 cm buttock flap design. 

i 

~ 
i , 
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( 
arter ia 1 flap 15 created by inc Isinq on threp sidps and 

C PA c: ï 1 'j vIC : ri li? pd on 

the Undf" r <,Il [ fA c ,,f .. ~.P fia ~' 1 rI ''1 ('f'f]tv:=tl p' . 1 t 1(1 r, • A 

pr o x1mA ; i f l 'i, C ~-, 1 T iH j, '!Tl l' t d YI f"( 1 " f 1 <'If J' , r > ,~ t f> <Î hy 

llq'lt 1 f' ~ th!' Il} ., Il lt ,1 =1 "..~ 1 Il j '1 r t d 1 r, .. 1 (, ;;l t .. hf' ~ , ." " nf thp 

• or 1 1" ! 1 t J T 1 ~ (" 'TIl. "'-',\ 

, , l 1 ~ l ,< r =.' Tf1 

l ", f' r. '1 t f 

! ! (~t ;, : le. 

1 • ,fi,! ,lp 

),,'" i'Îq l.r,th 

( pro)(ima 

Intact. 

inClS!fJ[1 lS pxteniled l!'lt(\ i-hp qr' in. ';''11'- sur IIi ac lymph 

node 15 ~<Îentlf If'd a=" a lantirnark ::lncl th:?11 the 

neurovascJlar pedjcle to t~p fla~ is dlssprtp1 frep from 

the medl:=''l1 asppct of "he thlqh LfllJ. 1-3). Mu lt iple 

mU8cular branches are llgated ard the ::.ngulnal lIgament 

approached. At th 1s leve 1. the feIOOral vessP:5 and 

( external lliac vessels are identlfied. In th 18 



, ........ 

Fig. 1-3 Pig supine for isolation of 10 cm neurovascular 

stalk. 
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\ configuration, the flaps vascu1ar stalk measures 10-12 
, 

cm in length. The artpry i5 1 mm ln diameter and the 

fragile vpnap comltantes are 2-3 mm in diarnf'tpf. To 

convert thl~-:: lsland f1ap intI) ët'frpf:> flap, thp vE'ssels 

COffiltan ,irP ppr formf>c1 USJnq standard microvascular 

technIques. 

EXPERIMENTAL DESIGN 

During the past 5 years, we have created 152 buttock 

( flaps of var led blood supply. The versatility of this 

flap 18 shown ln the foliowing four groups. 

1. Standard survlval ]p'Igths. ln 10 arllmals, 20 

buttock flaps wlth varied vascuJar supply 

(arter la], prnx lméll cutaneous, dlsta 1 cutaneous) 

were elevated and their surviving Jengths measured 

at seven days. 

2. Surviving length of Island flaps vs. Free flaps. 

Bilateral Island flaps were elevated ln eight 

animaIs with the vascu1ar stalk dlssected to the 

inguinal ligament. One flap was sutured back in 

situ as a control Island flap whereas the vascular 

stalk of the opposite Island flap was transected 

and thus converted to a free flap. Micrdvascular 
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anastomoses were performed and survival measured 

and'photographed on the 7th postoperative day. 

3. Onset of Delay Phenomenon. In 8 animaIs, 16 

biped icle bu ttock flaps wer e constructed. At 1 to 

8 days postoperatively the flaps were reelevated -
an,d the randorn end of the biped icle flap 

transected, thereby converting it ta a de1ayed 

arterial flap. Survival was measured on the 7th 

postoperative day. 

4. Monitors of Flap Via,bility. In pilot studies, the 

buttock flap was e1evated b:i.1aterally in 5 pigs. 

Skin temperature was measured using a thermistor 

( surface probe (Digitee Thermometer 5800). 

Fluorescence was determined after injection of 5 cc 

of 10% fluorescein and ultimately correlated with 

survival. Capillary blood from stab wounds was 

collec ted in hepar in ized tubes. Th is blood was 

analyz ed for p02, pC02, and pH u sing a Cor n ing 175 

blood gas analyzer. A Roche oxygen monitor #5301 

was ernployed for continuous transcutaneous p02 

monitoring. In one flap, an arterial failure was 

created and in two flaps, venous failures were 

created. 
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RESULTS 

The standard surviva1 patterns are depicted in Fig. 

1-4 and Table 1-1. As expected, the arter ia1 buttock l' 

flap sury ived to a grea te r leng th than the randorn 

cutaneous flap. The prox,imal cutaneous flap survived to 

a signl.ficantly greater length (p<.Ol) than the dista1ly 

based random cutaneous flap. Innervated is land flaps 

and denervated fn~e flaps did not dlffer in thel.r 

sury i val leng th s nor di d they d iffer from the sury ival 

length of arterial flaps. 

The effect of de]ay was present by the 4th 

postoperative day (45). Surv,iva1 of flaps delayed for 

1-3 days did not differ fram standard arterial flaps. 

Fluorescein administered 5 hours postoperatively 

predicted a ,surviva1 of 10.68 + .94cm whereas actua1 

surviva1 on the 7th postoperative day was 12.62 + 

1.24cm. This difference was statistically significant 

at p < .01. Temperature readings revea1ed flap 

temperatur€l,s ta be below control, the fluorescent flap 

being 2.06 + .5 C COOlr than control and the 

nonfluorescen t flap 3. \ + .4 C coo1er than control. 

Capillary gas ana1ysis showed a mean pH for the control, 

v iable and nonv iable flap s ta be 7.3, 7.2 and 6.9 

respectively. Transcutaneous p02 readings from flaps 

~ith arterial or venous failure showed accurate trends 

}----
/1 

i 

1 

l 
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STANDARD SURVIVAl PATIERNS 

Proximal cutaneous tlap Distal cutaneous tlap 

Ile 

Ile 

* 

Q . ::::= 

Artenal flap 

" 

Island tlap 

-'--

T 
Free flap 

-' 

Fig. 1,..4 ,~tanda,rd survival patt:erns. 

.. . .. .. ~ 
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rab1e 1-1 

... 

F1ap N Mean Survival ' Standard Range 
(cm) Dev iation 

Arter ia1 7 13.3 1.56 11.4-15.6 

Proximal l' 

Cutaneous 7 8.3 1.5 6.4-10.3 

Distal 
Cutaneous 6 4.6 1.9 3.0-7.2 

Island 5 13.2 2.4 11.5-17.5 

(" 
Free 5 13.5 2.9 10.5-17.5 

-.......... 

, 

, 

( 
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bu~ inaccurate p02 values. 

DISCUSSION 

As previously reported ,52,141,168), we found 

arterial flaps to survive Jonger than random cutaneous 

flaps. Alr;o, the proxirnnlly based randarn flaps survlved 

ta a greater lenqth than th ... (listally hased random 

flaps. ThIS difference may be attr Ibuled ta regional 

variation ln patterns of muscuJocutaneous arterles. 

arter ies. 

The abservat ion tha t denerva tpc1 [ree flaps surv ive 

ta the sarne leng th as Innerva ted is 1 and flaps lnd ica te s ,( 

that ln the acute flaps, sensory innervation plays no 

significant roie in determinlng flap viability. 

The benefits of delay occured by the fourth 

postopera t Ive day, conf i rming the stud ies of Myer sand 

Cherry (154). Pr ev i 0 U 5 5 t u die 5 (61, 16 5 ) h a v e 5 h ow n 

that sympathetic denervation in skin flaps is profound 

by 48 hours and complete by 96 hours. It is our opinion 

that the relationship between the 1055 of cutaneous 

catecholamines from adrenergic terminaIs and the onset 

of the benefits of delay is important. 

'l'he discrepancy between fluorescein predicted and 

obseked suv ival is not surpr is ing. Studies documenting 

l 
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flow changes in acutely elevated flaps (158, 167) show 

that flow does Increase with time. If the critical 

ischemla time of skin i8 12 hours (142), then any 

spontaneous Incrpasp in fJow up tn tt.at t im(> wilJ cause 

an incP'i'lse ln flflp sur;Jival. Ski n S l H f êW P t p mp pra t II r e 

varips dHectly wlth thp C'utanpnUR h10nt1 flow through 

shunts. 

a dec[c·asp ln cutanpOll;; }--luO(1 flow, l'r:ppc,,''tlly f-ihunted 

b Iood fi ow. 

oxygen monit()r are onJy prf'llffilTlary, hllt slliJW promIse. 

Skin fl3p research currently falis lntn two major 

categorIes, 1) studies of the macroclrculation and its 

role in skin flap de~iC1n, ann 2) stlldles of the 

rnicroclrClllatH)o an its role in skin 1'-lap survival. 

During the past dec de tremendnus emphasis bas heen 

placed on the de"lgn of skIn flaps as related to their 

vascular supp]y (8, 51, 136). New classiflcations of 

skin flaps havp evolved based on either blood supply or 

rnethod of movement (45) ~ Unfortllnately thlS broad 

variablllty in clinical flap design cannot be dupllcated 

in most exper lmental models. The pi'], however 18 an 

excellent experimental anJmal for studying the 

relationship between vascular s~pply and survival 

patterns because it is fixed sk1n and has bath 
.- 7 

, 
i 

1 
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musculocutaneous and direct cutaneous arter IPS. 

Ph Y s i 0 log i calI y t the r eg u lat ion 0 f the 

microclrcuiation IS ilt the arter lolar 1pvpl or bf>yond. 

Differencps ln requlatinq lTIPChanlsffis betwPf'n loose and 

f ixed sk. 1 n an IJTla 1 s hrlve rIot bppn <1P fi npo 1 n t fi", 

literatufP. 'T'f; ~;tudy ffilCftY7ircu'ldlorv chanqes (f 1'3 

unclear whicb C;PPCIPf: 1f, lTIc:rp l.lr~·'ropr latp and Tf'SPiHCh 

protuco} .... .." rat' .,rl' ton Brr,,~ll fi have ('xf!('rl!T1prJtrtl anrl 

control f1apc-. plev<;1ted un tf-IP samp allllT';.j]. 

( lengths from ()1'lP ;QnllT1t'd to anothpr in both raU; ((,9) and 

rabbits 'l~11) rUP lughly variahlF-. Thus, groups of 

anImaIs ,'UP llsed and must l:.'e larqp pnough te ensure 

statlstlcal slgniflcance. In rat. c; th P r p j s a hIg h rate 

of autoC-3nnahllization of fJaps. Doq s ana r abtJl t S offer 

\ 

an improvernent over rats Ir> that contralateral (. 'U'. 

flaps can he created. When using cIog s, the 1 r da'" 

does not allow for the subJective observations of color 

which rnay be Important whell mon i t.pr ing f1 aps for 

viability. Dogs offer ~ no economlC advantages over pigs 

al though for long ter m stud les (eg. gr ea ter th an 4 

weeks), ~hey of ter the advantage of not grow Ing to 

unmanageable Slzes. 

There are multIple flap rnodels available in the 
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pig. In the or iginal work of Kernahan (104) 

dor sa lly-r ased random cu taneou s sk: in fl aps wer e loca ted 

over the r ib caqp of pFjS. Milton (141) ~xtendE'd thlS 

WOI k and devispd a standard flap, elU1Pr cnter ial or 

Island, bac;f~d v p ntralJy 4 cm frolT' thE' nlpplp 110P. 

PrInr tn ""If> oE"JPlopmpnt nf r)ur l'lltock flap, a 

comr,arAhlF [L'If (IVer thf' fl?l'lk Wël C llSe('! wIth t,he same 

supp lyinq >'lo(H' VPS'ofC le; (77 J _ Thr- flap Wi'lS (,r jgina11y 

extp"l<Jed 1" il cpph<'ll,'ld dnp( tlon ~rom U-,p v?l')('ular 

A pr,f t ion r,f 

pann.clllu~ <'<'lU" ';IIf) was lncl,ded ," thE' formpr flap and 

[or Ulis rpason the buttnck flap, wlthout pan;11cu1us 

carnosus, was more acceptablf"'. SI< ln flaps hased on the 

inferlor ppigastric vpssels have 3]SO hepn employe~ 

(172). MyDcuta'lPOllS flaps havp hppn deslgned to include 

the rectus muscle (16,52), t,he gracilis muscle (70), 

the Intercostal muscle (46), or tt,€' latt lSSl!11US dorSl 

muscle (87'. 

In cO:iclusion, we have found the pig and Its 

buttock flap very versatile. 

Advantages of Pig Flap Research 

1) Accura te rep lica t ion of the va scular supply of the 

sk in in man. 

2) Làrge surface area allow ing multiple flaps with 

inclusion of contraIs. 

c •• 4'4. 
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3) Multiple flap conf~gurations available r andom,' 

arterial, island, free, myocutaneous. 

4) Skin c(Jlor al10ws sUbje-ctlVf' observations similar to 

thosE' uspn CllDlcéilly. 

Disadvant_ag e _s ~[ eJ_':l fJ ap Hps.!'Jl.-I~!l 

1) Cost 3'" comparpd to ratf; îtmt comparable ta dogs). 

2) Rapid WPHjht r~i'lin theTe[cne liml tlnq the use of pigs 

ln (~){PP:- Iments df'81gned to 1ast morp than a ff'W 

weeks. 

Advantages ~i Buttoc~ f~ 

1) Consistent survival lengths. 

2) Reliable anatomy. 

3) Multiple vascular conflguration available. "V 

4) Easily vislble ~éa of body to make postop observations. 

5) Free flaps located here are technically eaSler than 

those fl aps located over the thorax or abdomen which 

move with each respiratIon. 

6) Virtually no disadvantages. 
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SUMMARY 

An experirnenta1 pig flap mode1 is presented with 

detailed operative technique. Stud les ernp 10y ing th i5 

model arp reportpd show lng tha t diffprences in survival 

patterns depend Of! vascular configuration. lnnprvated 

island flaps were found to survive te the sarne length as 
,l> 

dénervated fre€' flnpR ann the cnnflt ,->f the bE'nAfits of 

the de]ay pr0cedure occurred by the 4th p0stoperative 

day. The advantagec; of the Plq ëlnd :he pig buttock flap 

are dl scus5ed in de ta il . 

( , 

,,1 

i 
,~' . 

1 

1 

1 
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EXPERIMENT 2: 

CRITICAL ISCHEMIA TIME 

AND THE 

FAILING SKIN FLAP 

49 
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INTRODUCTION 

Ischemia may be dpflnpô as a condlt Ion of 

inadequatp bIoon stlpf,ly hl (':ln ,,1('''1 uf t issup(208). The 

degree and dUTa t l()n "t ttJp l~)chpmj(' jlic,dt wIll 

Thplrltical 

ischpmid t Imf-- .... ,[PT'; t() tbF- m:1XllT'"m ,jtir"1t J(,,! rd thp 

IschemIc,' ln'~\ll~ wh]r!" fl'>",l'- (-<in I,vJth~""n,1 a'où 

fa111nq ,1J',f.-tl <"<1. 

determur lt~ '-rItl(;-, 

ii 'k 1" r 1 "r·, J t lmr,( rtant to 

; t Wp l'l,iVE" thlS 

knowledqp Il Wl.: alJow apyruplé'ltp lnJt,lé'!tlt)P cd 

treatmpnt and V'shih1f> nalvFlqe (·f thp ffilllnq "'kln [lap. 

It h"ls bppr, dem0nstratFdi exp~r Imer-.tally thr.it Island 

flaps in thf' pl'J (142) and fIep fl::lf':, 1'-, the rahblt (12]) 

can withstand R hours of norITlother mlC -: c;r::hemld InduC'ed 

by clamplnq or cuttlnq thelI vascular s~pplv. Ypt one 

cannot pquatA tr-:lS tYr,e of cornplpte flap lsçhemla, as 

characterized by the above stUc'llPS, Wlti- the falJlng 

distal portIon of a skin flap. In cont13st to the 

former's complete cIIculatory arrpst, thp distal flap 

may have a marginal caplllary circulat10D or even an 

extensive arterloveno~s shunt circulatlon(174). The 

present study i5 deslgned to determine If there lS a 

significant difference in the critlcal ischemla time for 

the island flap with its vascular pedicle clamped versus 
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the failing distal end of a random flap. 

METHODS AND MATERIALS 

White Poland-China pigs (2l~3Kg) were sedated, 

anesthet~d and intubated. Anesthesia was ma inta Ined 

throughout the experiment by spontaneous inhalation of a 

mixture of oxyqpn, nltrous cJxidf;> and halothane. In 14 

animals, l'",llateral lonqitu<11nal Incisions were made 4 cm 

lateral ta the olpple line. Numerous direct cutaneous 

arteries were identifled and subsequently used to create, 

( island flaps(52, 140). 'l'wo exper imental groups were 

studied (Fig. 2-1). 

TOTAL ISe HEMIA OF ISIJAND FLAPS. 

In 8 pig s, ventr a lly based flaps (l2 X 4 cm) were 

created on each of the available segment.al vessels 

resulting in a total of 77 flaps. After all flaps were 

elevated, Acland microvascular clamps (A3) were applied 

to each vascular pediele and the flaps sutured back in 

place. A vital dye (fluorescein or alphazurlne bIue) 

was administered to ver if y complete occlusion of the 

pedicle. At time intervals varying from 0-16 hours 

postoperatively (times being randomly assigned to flaps) 

( vascular clamps were removed. Follow ing removal of 

l 
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Fig. 2--1 

TOTAL FLAP 
ISCHEMIA 
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Schematic flap designs. 
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Shaded area is ischemic. 
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the last clamp, a ... econd vital dye was injected te 

detect the presence ot ab'sence of blood flow. One week 
~- - . 

postoperatively, survivalor necrosi,s of trIe flap was 

noted and reeorded. 

DISTAL ISCHEMIA OF A RANDOM FLAP. 

In an additional 6 animaIs, 12 X 4 em bipediele flaps 

t 
were elevated. Pilot studies indie9ted that these flaps 

would SUrV1Vp. completely as a bipedlcle with a dorsal 

random end and a ventral isl and at tachmen t. In essence! 

these flaps were simj lar to the prey iou5 group except, 

that the distal end was not severed. A total of 57 

'1 
biped le le flaps were constr ucted. Vascu lar clamps wer e 

applied to aIl island pedicles and a vital dye injected 

intravenously to assure per fu sion from the random 

pediele and occlusion of the island pediele. Therèfore, 

the f1 ap rece i ved its blood supply 50 le ly from 

museulocutaneous arteries in its random base. Clamps 

were removed from the islqnd pedicle between 0 and 16 

hours postoperatively. Restoration of blood fl~ via 

the direct cutaneous arteries of the island pedicle was 

confi..,rmed by a second dye injection. Surv ival or 

necrosis of the distal (islapd portion) flap was 

assessed one week postopera ti vely., 

The method of probit analysis was utilized to 

der ive the equation of the relationship between ischemia 
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time and the probability of necrosis. 

RESULTS 

In both groùps, several patterns of necrosis were 

observed: 1) accidentaI severance of the islang vascular 

pedicle., 2) traumatic in jury of the island vascular 

pedicle by the microclamp or dessicatioh, 3) infection 

in the late postoperative period, and 4) no reflo ..... ,_ Ln 

the total flap ischemia group there were 2 accidentaI 

losses, 10 traumat ie losses and 2 late losses from 

infection. These flaps were excluded from the study 

1eaving 63 flaps for analysis of which 21 died and 42 

survived. In the distal flap ischemia group there were 
. 

3 acci-rlental losses leaving S4 f1aps of which 23 died 

and 33 survived. 

The observed necro~is rates at the tirne intervals 

tested and the probit der ived curves are shown (Fig. 2-2 

& 2-3). The tolerance to ischemia was highly variable 

from one an ima 1 to another. In sorne an imals, nec rosis , 

occured after 8 hours of ischemia, whereas in others 

there was surviva1 after 16" hours. It can be predicted 

from the probit an!lYSis that 50% of tota1ly ischemic 

flaps will die after 13.05 hours, 10% after 7.5 hours 

and 1-% after 3 hour s. ' For the dista1ly ischemic f1aps, 

.,r:-------~ --
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Fig. 2-2 Critical ischemia time of island flaps. Dot 

equals observed necrosis rates. Line equals 

( probit derived curve: 
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( f 
50% will die after 13.14 hours of ischemia, .0% after 

7.0 hours and 1% after 2 hours. There is no significant 

difference be>-ween these two groups. 

DISCUSSION 

(\ 

In pig s, both is land fl aps and the fa iling end of a 

random flap tolerated the same dura tIan of i8chemia 

despite thelr striking differencp ln histolnqlral 

appearancp. From pilot StUd10S, we foun~ thal the 

dermal vessels of an lschemie island [Jap appear normal 

( whereas those in the faDing portion of a random flap 

are dramatically altered. The capillaries, venules and 

arterloles are distended and filled with red blood 
\ 

cells. There 18 partial degradation of the endothelial 

lining wlth lysis of many cytoplasmic structures. This 

observed difference is not ref1ecte<i in a change of the 

critica1 ischemia time. The average ischemia time (50% 

necrosis, 50% survlval) tolerated by pig skin flaps was 

13 hours and the projected safe ischemia tlme (10% 

necrosis, 90% survival) was 7 hours. 

Inadequate blood supply to an area bf tissue 

produces harmfu1 effects because of hypoxia and failure 

to remove waste products. Pathophysiologica11y, the 

( metabolic rate of the tissue being studied and the time 
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duration of the ischemic insult will determine the 

extent of damage produced. Ischemia may have several 

influences, ranginq in severity from no ~ffect, to 

physiological disturbances WhlCh may Include cellular 

degeneratlon with replacement fibrosls or even ta frank 

necrosis(208). WhAn cell damaqe occurs, a 

characteristic inflanunatory r('spanse i8 elicltpd. ThIS 

results in vasoc'lilation, incrpased capil1ary 

permeabUJt\·, increased hlnorl ViS('ùSlty, stasis, 

severe pnnuQ~, thln can perpetuatp anrl maqnlfy the 

or ig'i na l lSr'h 0 m1 C In~;u 1 t. Whpn the Ischemic damagp 

resul ts in nhstruct 10n to bood reflow in the tissues the 

no- [E' flow phenomenon l S obser ved. T1;)e critical 

ischernia tiwe is the duration of ischemia necessary to 

elicil irreversible no- reflow. 

Under normothermi c cond i t ions, exper imenta 1 stud ies ' 

have shown that rat skin lS able to tolerate 6(213) to 

9(183) hours of ischemIa, rabbit free skin flaps more 

than 8 hours of ischemia (121) and pig Island flaps 

between 8 and 13 hours of ischemla (142). "Clinical 

experlence has shown that free skin flaps and amputated 

digits are able to tolerate 6-8 hours of normothermie 

isehernia (122). 

Under hypothermie conditions, cellular metabolism 

is decreased and the er1tieal 1schemla time of tissues 

j 

l 
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can be prolonged. At 3-4 degrees centIgrade, skin 

grafts can tolerate up to 3 weeks of complete ischemia 

(23). Storage of experimental rat fre~ skin flaps (10) 

at 4 degrees centigrade has prolonged their critical 

ischemia time from 8 hours ta greater than 72 hours. 

Similarly, rabbit free skin flaps stored at 6-7 degrees 

centigrade can tolerate up ta 3.8 days of complete 

ischem~a (57). ClinIcplly there are reported cases of 

v ian1 p human free flaps after 30 hou r s of hypothermie 
, 

lschemia (6) <'ind human rHgits aft~r 2!~ hours (119) and 

16 haurs (113). 

How daes under stand i ng the effec ts of ischemia 

assist us in our clInical goal of salvaging the failing 

fla'p? It de fines ,for us three theor e t ica l approaches. 

First, the presence of no re-Flow and the cri~cal 

ischemia time limit the number of hours postop~ratively 

to successfully treat the failing flap. By decreasinq 

metabolism to prolong thlS time (as with hypothermia), 

the skin flap can further benefit from spontaneous or 

drug induced increases in blood flow. Seconél1, both 

ischemia and surgical trauma stimulate an inflammatory 

reaction which in the case of skin flaps appears to be 
"" 

detrimental to blood flow. The use of anti-inf~ammatory 

agents (133, 134) may decrease the damage induced and 
1 

increase flap sury ival. Th ird ly, if ischemia is wha t 

causes sk in flap nec rosis, then increasing flow by 

.. 
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pharmacologie means, before no-reflow is reached, will 

minimize the ultimate area of necr-osis~ 

Further exper imental studies will facilitate the 

postoperativp management of clinicai cases. The 

normolhermlc and hypothermlc cri t ical 1 schemi a tirnes of 

myocutaneous flaps should be def]ned. Millon'[; 
~ 

observation that delayed skin [laps could only to]erate 

4 houts of lschemia (in ccntrast to éH:ûtf' flaps 

(. 
toleratlny 8 hours) may he of relevance ta frep skIn 

flaps f,tlhjected lo early or lat.e postoperative 

t.hrornhosis. Delayed flaps and fIef' [laps both suffer an 

initial IschemIe insult at thf' tIme of f]ap elevatlon. 

This insuJt may deplete many-of the cellular metabolic 

stores. With a subsequent second lschemic episode, the 

flap may be less able to tolerate the Ischemic insu 1 t. 

We are currently studyinq the critical lschemia time of 

this secondary insult in pig skin flaps. Clinically, it 

is important to know how long a secondary ischemic 

peri0d a free flap can w{thstand. By increasing our 

understanding and awareness of the characteristics of 

critical ischernia time for different flaps under 

different conditions, perioperative patient management 

will be optimized. Results of the present study lead us 

to conclude that guidelines previously defined for 

management of the ischemic free flap can be used for the 
( 

ischemic distal portion of a random flap. 

'" 
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SUMMARY 

An experimental pig model has been used ta measure 

the critical ischemia time for total flap ischemia 

versus the more cornrnon distal flap ischemia. Bath flaps 

were found ta tolerate an average 13 hours of ischemia. 

The importance of critical lschemia lime to skin f]ap 

pathoPh~Si0109Y 

1 r 
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EX PERIMENT 3: 

MON~TORING ACUTE 

( SKIN FLAP FAILURE 

1 

1 , 
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( 
INTRODUCTION 

If failing free flaps are to be salvaged by 

reoperation and faillng conventlonal flaps resurrected 

by pharmacologIe interventIon then a reliable methnd of 

1 
detectlng impending flap failurp must he dpvised. The 

ideal technique for evaluating flap circulation should 

have the followlng characteristlcs: 1) accurétcy, 2) 

repeatatdllty, n appl1CahllJty to a11 tyP(><"O of tlaps, 

4) simplicjty, Cl) low cost, as weIl as beln'J qUlck and 

(color, capill2try blanehinq and rcfiU, dprmal bleeding, 

( heallng and ba 1 r growth) jncreasps wlth thE" E"xper ience 

of the user, bu t i s of Ilmi ted va lue t_o the 

inexperlenced. Objective methods (temperature, vital 

dyes, photoelectric tests, metahollC tests, eutaneous 

clearance tests) are employed less frequently. With the 

exception of fluore sce in and tempera tu re, ob jec t ive 

methods tend to be expensive wlthout convlncing evidence 

of thelr efficacy. 

For years, capillary blood samples collected from 

heel stab wounds in premature infants have been analyzed 

for their pH and gas content. The results thus obtained 

are used to mon i tor the in fan ts and to effect ively 

adjust therapeutic measures. Most hospital settings 

1 have preexisting facilities'for carrying out such 

1 
1 
! 

l 
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~ 

analyses. In the present study, blood samples are 

" collected from the site of a dermal bleeding test in 

experimental pig flaps. The blood is analyzed for 

hematocrit, pH and gases and the results are compared ta 

the conventional standards of fluorescein and surface 

temperature. If th i s techn ique 1 s valuable for 

monitorIng a premature infant, then why not a skIn flap? 

METHODS AND MATERIALS 

White Poland Chipa pIgE> (lS-10Kg) were sedated with 

acepromazine. Anesthesia was induced with intravenous 

pentobarbital and maintalned Vla endotracheal intubation 
~ 

with spontaneous lnhalation of a mixture of oxygen, 

nltrous oxide and halothane. The animal's rectal and 

room temperature were monitored for thE> duration of the 

experiment. Island buttock flaps (see Experiment 1) . , 

were deslgned on aIl animals, surgica11y constructed, 

and sutured back in their bed. 
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EXPERIMENTAL GROUPS 

Viable Flaps. In 3 animaIs 6 10xlOcm buttock flaps 

were created to have 100% viability. Monitoring was 

carried out at an unoperated control site cephalad ta 

the anter lat super lor iliac spine and at one flap site 

(Fig. 3-1). Observations were made at 1/2, 2, 6 and 10 

hours postoperatively. 

Vascular Failure. In 5 animaIs, 6 10xlOcm totally 

viable flaps Wf're designed and elevated. One hour later 

either the draining veins (3 flaps) or supplying artery 

". 
(3 flaps) were ligated. One flap site and onf> control 

site were rnonitored 2, 6 and 9 hoùrs postoperatively in , 

venous failures and l, J and 7 hou·rs in arter ial 

failures. 

Distal Flap Necrosis. In 6 animaIs, 8 18xlOcm flaps 

were designed ta insure distal flap necrosis. 

Fluorescein demarcation indicated which portion of the 

flap was at risk of necrosis. A control site and 3 flap 

sites (proximal fluorescent portion (A), borderline 

fluorescent nonfluorescent portion{B), and distal 

nonfluorescent portion (C)) were monitored l, 5 and 9 

hours postoperatively (Fig. 3-2). 

( ) ~ 

1 
1 
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Pig. 3-1 Viable lOxlOcm flap with * denoting monitoring 

sites. 
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Fig. 3-2 l'"$xlOcm flap with * denoting monitoring)sites . . 
Dotted line represents average fluorescein 

~ ,., ·penetr a tion. 
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MONITORING TEC HNIQUES 

AlI flap sites and control sites werp 3ûGCGscd at 

var ious time inter vals after flap construction by 

subject~ve and objective techniques. SubJective 

observatIons of color, capillary blanchIng, and bleeding 

from stab wounds were made. Three objective measures 

were used. Fluoresceln staining was obtained by 

administration of 500mg of fluorescein (10% solution) 

intr avenously ta aIl an imals l hou r after flap "', 

construction and. again 8 hours later. Dye penetration 

a10ng the flap was recorded and compared to ultimate 

survival. Temperature readings were obtained with a 

surface thermistor probe (YSI No.708) with readout on a 

digital (Digitee No.5800) display unit. Temperatures 

are reported as mean differences pl~s or minus a 

standard deviation from control values taken at the same 
ck 

time. Stab wound blood analysis was made by using a 

No.ll scalpel blade ta cre~te wounds in flaps and 

control sites. If bleeding was present, the blood was 

c011ected in .heparinized capillary tubes (40u1 or 

150ul). Hematocrit was measured by standard 

centrifugation for 5 min and p02, pC02, pH were 

measured in a Corning 175 b100d gas analyzer on 

microsample mode. Resu,lts are' reported as mean 

diffeiences plus or minus a standard deviation from 
l 

control values taken at the same time. 
, 

.. 
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RESULTS 

\~ AnimaIs had a mean rectal tempprature of 36.7+1 

degrees celsius throughout the experiment and room 

temperature averaged 22.6+ .4 degrees celsius. 
~--./ -

, t' 

Viable Flaps. In lOxlOcm viable flaps, subjective 

assessment showed aIl flaps to be of similar color to 

the surrounding skin. Blanching was not as easily 

visible as in humans but could be elicited. The~, was 

active bleeding from aU stab wounds. This blood was 

usually bright red but on occasion appeared dark red as 

if a vein had been pierced. Objective assessment with 

-flu'~rescein at l hour showed the distal dorsal corner of 
" ) 

the flapI an area of approximately 3 crn2, to be 

nonfluorescent. At 8 hours, re d inistration of 

fluorescein demonstrated fluorescen e of the whole flap. 

AlI flaps sury ived completely. 

(Table 3-I) from the flap were 

cooler than at the contro l si te. 

erature readings 

degrees cels1us 
); 

This difference was 

present 1/2 hour after flap elevation and did not change 

significantly in the 10 hours the flaps were monitored. 

Hernatocrit readings from bath the flaps and control 

sites were consistently 35%. Blood gas a~aly.sis from 

control sites showed _a mean pH of 7.4, QC02 51 and p02 

230. The high dermal p02 is consistent with the 

, 
\ 

1 
1 
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Temp- (OC) 

Control 
6ctrl 2 

6 
10 

Hct
Control 
flap 

pH 
Control 

6. ctrl 2 
6 

10 

pC02 (mm Hg) 
Control 

6. ctrl 2 
6 

10 

p02 (mm Hg) 
Control 

6. ctr 1 2 
6 

10 

TABLE 3- l 

10 x 10 cm Flaps 

Viable Flap 

35.1 .... 7 
-1.2 .... 3 
-1. 2 + • 7 --
-1.4 + .9 

35% 
35% 

7.40 
-.02 

.05 

.16 

51. 86 
2.17 
4.57 
6.48 

+ .03 
+ .15 
+ .04 -+ .27 

+ 4.1 
+ 7.2 
+ 5-,7 
+ 12 

230.45 + 29.3 
-72.96 +60.7 

-152.3.7 + 53.4 
-112.62 + 82.9 

Venous Fa i lure 

34.3 + 1.8 
-2.4.+ 1.2 -
-2.7 + 1.8 

-
-2.7 + 1.1 

36.5% 
'4'2 % 

7.30 + .04 
-.24 + .07 
-.34 + .07 -
-.40. + .05 

52.3 + 
32.7 + 
38.2 + -64.0 + 

10.8 
12.9 
22.1 

7.7 

195.5 + 35.3 
-161. 2 + 29.5 
-132.2 + 18 
-184.7 + 34.8 

, 

'Ar ter ia] Failure \ , 

34.6 + 1.1 
.6 
.9 

-1 • 7 + 
-2.2 + -
-3.0 + 1. 3 
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arter ial blood p02 and is secon(lary to the hlgh oxyqen 

flow rates used for inhalation anesthesia. The flap 

siteR had a pH 0.05 units ]ower than control, a pC02 3.2 

mmfkJ highpr than con t ro 1 and a p02 119.4 mmHq lower than 

control. 

Vascu la r Fa ilu re. In lOxlOcm flaps subjec ted ta 

venaùs failure, cyanosis rapidly developed with brj;:k 

caplilary refiJl on blanching. Ble~tling from stab 

wounds was profuse, in i t iall v of dark red b Iood and theri , ~ 

of bright rpd blood. After wounding, the area of flap 

around this sIte became transientJy less cyanot ic in 

( 
color. Following fluorescein administration, aIl flaps 

fluoresced but in a splotchy pattern. AlI flaps 

underwent nec rosi s. Tempera tu re read ing s of the flap 

were on the average 2.6 degrees celsius cooler than 

control sites. This difference, when compared ta that 

of the lOxlOcm viable flaps i8 statistically significant 

(p(.OS). Stab wound blood was easily obtained. Mean 

flap hematocrit was 42% compared to a control of 36.5%. 

Blood gas analysis showed inc reasing dev iation from 

control with time. At 2 hours pA was 0.24 units less 

than control, pC02 was 32 rnrnHg greater than control and 

p02 was 161 mmHg lower than control. By 9 hours, pH was 

0.4 units less than control, pC02 64 mmHg greater and 

p02 184 mmHg less. 

t 
! 
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In the lOxlOcm flaps subjected to arterial 
l 

ligation, aIl flaps appeared paler than the surrounding 

tissue and capillary blanching could not be detected. 

stab wounds did not bleed actlvely or ~nouqh to allow 

blood collee tion for analysis. The flaps dfd not 

fluoresce and aIl died. Temperature readings in the 

flap were 2.4 degrees celsius cooler than control sites 

and this did not éhange significantly during the 7 hour 

observation periode 

Distal Flap Necrosis. In 18xlOcm flaps with 

impending distal flap necrosis, cyanosis of the distal 

portion gradua Il Y developed and increased with time. 

Ca~illary blanching could be elicited in aIl parts of 

the flap. Stab wounds in the proximal flap bled easily 

while those in the distal flap sometimes bled briskly 

and at other times bled sluggishly. Fluorescein 

penetration at 2 hours averaged 9.4± 1.3em, at 8 hours 

Il. 3.:!:. 2em, and surv ival at 7 days was 13. 4± ,l.lcrn. 'The 

'-
tr'ansi t ional zone of part ial fluorescence between 

proximal and distal flap was more sharply demarcated at 

8 hours than at 2 hours. ' Temperature r~adings (Table 

3-11) obtained from proximal, transitional and distal 

flap were respectively 1.25, 2.42 and 3.11 degrees 

celsius cooler than control. Stab wound blood analysis 

showed a control hematocrit of 35.5%, a proximal flap 
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TABLE 3-1I 

18 x 10 cm Flaps 
1 
1 

proximall Flap Transitional 
Zone 

Ternp- (OC) 
Control 33.6 +'1.1 

LJ. Ctrl l -1.48 +: .9 -2.42 + .67 
5 -1. 02 +' .6 -2.26 + .65 
9 -1.24 + .6 -2.58 + .94 

Hct 
Control 35.5% 35.5% 
Flap 1 34.2 + .9 39.5 + 5.4 -5 35.5 + t· 3 39.5 + 2.4 

9 36.0 .4 38.0 
-

2.7 + + , 

( i 

pH 
Control 7.32 + .1 -

LJ. Ctr l 1 -.02 .02 + 
5 -.02 

...,..1 
.02 + -9 -.003 + .01 -

pC02 (mm Hg) 
Contro"l 51. 5 + '14.6 

LJ. Ctr 1 1 +3.3 +13.5 
5 +4 + 4 
9 0 + 5.3 

p02 (mm Hg) 
Control 161.9 + Il.1 

LJ. Ctr l 1 -8.3 + 79 
5 -24.7 "+ 40.7 
9 -25.3 + 50.1 

( . 

~-*._ .. _.--------------

]/..\ 

Distal Flap 

-2.84 + • 3 -
-3.12 + .4 --3.38 + .8 

35.5% 
49.5 + 2.4 
53.5 + 1.7 -
58.2 + 3.9 

-.46 + .01 
-.52 + .06 
-.44 + .03 

+46.7 t 1<0 .• 3 
+53.6 + 2.1 
+43.1 + 18.2 

-144.5 + 25.2 
-146.9 + 12.8 --136.7 + 18.7. 

, 

" 
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hematocrit of 35.3%, a transitional zone hematocrit of 

39% and a d ista l flap hema toc r it 0 f 53.8 %. The latter 

two hematocrits were significantly greater thatl control 

and significantly dlfferent from each other (p(.03). 

B100d gas analy s is showed an imals to have a mean pH 0 f 

7.3, pC02 of 51 rnrnHg and p02 of 162 rnrnHg. In the 

proximal fluorescent portion of the flap, pH was 0.02 
f-

below control, pC02 3 rnrnHg above control and p02 20 rnrnHg 

below control. In the distal nonfluorescent portion of 

the f1ap, the pH was 0.49 units below control, pC02 47.8 

mmHg above control and p02 142.7 rnrnHg below control. 

These chang es wer e apparent as ear ly as l hou rand d id 

not change significantly when measured at 5 and 9 hours. 

DISCUSSION 

It has previously been documented that skin flap 
[1 

failure is a significant clinical problem (54, 74, 110, 

198) Two types of flap failure occur clinical1y for 

which different kinds of monitoring may be beneficial. 

Free tissue transfers .... suffer predominantly an aIl or 

none vascular compromise. Monitors that assess one flap 

site will 9 ive an accurate reflection "of total flap 

viability. Free skin flaps can be monitored externally 

whereas other types of free tissue transfers (bone, 

. ; 
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dermi sand bowe 1) require more soph ist ica ted mon itor ing 

<>' devices for the supplying vessels (flow probes (11, 

144), ternperature probes (l15), doppler (9)). In direct 

contrast, conventional skin flaps are usually 

]eopardized only in their distal portion. Thus sampling 
~ 

from one site will often be an innacurate index of flap 

viability. 

Monitors rnay be intermittent or continuous and they 
~ 

can assess only one site or the total flap. As flaps 

are persistently in a dynamic flow state, continuous 

objective monitor ing is more accura te than intermittent 

assessment, although most continuous monitors tend ta be 

cumber sorne and expensi ve (tcp02 (2), 

photoplethysmographs (36)). When intermittent 

monitoring is utilized, it is often begun only after 

subjective signs cause the physician ta be suspicious of 

vascular compromise. Fluorescein and thermography are 

the only techniques that act as total flap monitors. 

Since they assess the whole flap, they are not subject 

to sampling er ror • 

With current techniques, free skin flaps are best 

monitored at one sit.e by continuous means and 

conventional flaps assessed by vital dyes on an 

intermittent basis. The experimentaf investigation of 

new monitor ing methods is worthwhile because of the 

potential clinical benefits and the improved 
• 

j 
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understanding of skin flap pat_hophysiology that is often 

ohtained. 

SUBJECTIVE TESTS 

Skin color is dependent on the state of blood flow, 

dilatation of cutaneous capillaries, oxygen content of 
,"" 

the blood, and naturai skin pigmentation. In dark 

skinned individuals and certain experimental animals 

(eg. dogs), color cannot be used as a guide ta flap 

vascu lar ity. For the exper ienced su rgeon, subt le 

ch~nges in color remain the ear liest method of 

recognizing a threatened flap (49). Despite attempts ta 

simplify the accurate observation of color (3) lt 

remains an unreliable test for inexper ienced eyes. In 

pig flaps with complete vascular failure, color changes 

were immediate and striking. In flaps with distal 

failure, color changes evolve with tlme and only became 

obvious 4-6 hours postoperatlvely. Capillary refill and 
"'~ 

blanch ing is a very imp rec ise index as documented by i ts 

presence in the nonfluorescent portion of the pig flaps. 

Stab wound bleeding occurs from subpapillary and deep 

dermal vascular Plexi:l The spontaneity and color of the 

blood are helpful in assessing free flaps, but can be 

mis1eading in evaluation of the failing distal portion 

of conventional flaps. Subjective monitor lng has long 

been used as the sole guide for postoperative patient 

.. 
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management. 

OBJECTIVE TESTS 

FluorescE' in is currently the most widely used and 

accepted agent for predictlng the surv1val-necrosls 

interface of a skin flap (128, 147). F1uorescein has a 

plasma half life of approximately 20 minutes and tissue 

fluorescence IS max imal by 15-20 minu tes after dye 

administratlOn (38). Clearance of f1uoresceln from the 

tissue takes up to 12 hours and therefore llmits the 

repeatabliJity of thlS test. However, the usefulness of 

fluorescein haB been increased by thE' development of a 

fiberoptic dE'rmofluorometer (187) WhlCh al10ws objectjve 

quantitation of tissue fluorescence. A new photographie 

technique has 31so been dev ised (149) tha t may irnprove 

the objectivity of fluorescein evaluation. The major 

limitation of fluorescein 18 that it only tests vascu -

larity at one point in time. Subsequent changes in 

flow, detrimental or beneficial, go undetected. The 

maJor advantage of fluore8cein i8 that it i8 the on1y 

available technique for simultaneously assessing the 
~ 

whole flap. It is therefore not subject to sampling 

error. The results of our pig studie5 are in accordance 

with previous rat studies \180) in that fluorescence at 

8 hours post flap construction 15 a better predictor of 

flap survival than is fluorescence at 2 hours. Th1S 
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observatIon is most likely a reflectiop of spontaneotlS 

increases in flap hlood flow dur inq thp f'fH ly 

postoperatlve perjod. 

Temperature readlngs are a qro8s reflection of the 

state of the ml~rocircuiatlon. Sine€' skln surface 

temperature 18 variable, it i8 beneficlal to use a 

control site for reference. Viablf' flaps are cooler 

than control sites and nonvjable flap sItes are cooler 

than bath the viable and control sites. This 

temperature difference Obvlously (.:'orresponds ta a 

deo rease in blood fl ('W to the sk in flap. However, 1 t 

remains too var lable an indf'x, when employed on an 

Intermittent basis, to state preclsely what magnitude of 

temperature change WIll be representative of a 

jeopardized flap. ContlnUO'JS monItoring of temperature 

as used in dIgital replants (196) and around 

microvascular anastomoses (115) provides more meanlngful 

i n for ma t 1 a i •• 

Monitoring flap hematocrit proved ':0 be a 

supr ising ly use fJI technique. As a prej :ctor of 

impending flap fa Hu re, it was mor e ac',: _ :- a te and 

rellable than temperature readings. T!-;e ele',Jated 

hematocrits found in jeopardized flaps lS a reflectlcn 

of pathophysiologic events. An ischemlc insult leads to 

cellular inJury, especially endothelia~ cell damage, 

WhlCh causes increased capillary permeability. 

l 
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Subsequent ta plasmatic leakage, there ls 

hemoconcentration with in the vascu lar bt?d wh ich, in 

itself, le:; detrlfnental to blood flow. 'r'he increased 

blood viscosity create c an increase in fJnctional, 

per 1 phera 1 vascu lar res i stance wh lch jeoparrj iz es blood 

flow. 

Metabullc tests mpasurf? flap circulatiun at its 

most erit lcal It?vel, lI? c011ular perfusion. With 

reduced blood suppl Y , oxygen concen tra t ion dec reases_ 

This resu l t s in anaerob ie me tabo11 sm and increa sed local 

acidlty as the tIssues • buffering capacity i8 depleted. 

Both tissue pH à'ï.d tissue gas leve1s have heen studled 

expecimental1y wlth pOEltive correlation to flap 

viabllity <31, 7S, ISf::.. 214) Howev€r, these previous 

methods had signlficant drawcacks as they required 

traumatic insertion of catheters into the flap and 

expensive, tempermenta 1 equ Ipment foc an al ysis • In 

contrast, c3pillacy blood ana 1ysis, a technique 

routlnely performed on premature Infants. is simple, 

inexpensive and has not prevlously been applled for 

study on sk ln flaps. 2ur results :;.~ pig f1aps have 

shown that pH values can be :::eliab::'y used to predict 

flap jeopardy. The pC02 and p02 values are hlghly 

variable and thus an inferior index when cornpared to pH. 

i 
i 
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SUMMARY 

Reliable and repea table means for objective 

postoperative monitoring of skin flaps is a necessity. 

If a faili ng free flap can be recog nizea ear ly, it can 

be salvaged by re"ision of the appropriate anastomoses. 

For the threatened distal portion of a conventional 

flap, external factors, such as kinking or hematoma, rnqy 

be corrected or drug therapy instituted. We have 

analyzed blood from stab wounds in exper imental pig 

flaps for p02, pC02, pH and hematocrit. The results 

were compared to fluorescein penetra tion and flap 

surface ternperature. Hematocrit readings of threatened 

flaps (54%) were elevated above control (35%). The pH 

readings in the jeopardized flaps were 0.4 units below 

control. These two measures proved ta be more reliable 

than interrni t tent temper a ture reading s. In con tr ast to 

the fluorescein test, which can only be used once, stab 

wound analysis is repea table a t any time in the 
r 

postoperative per icd and can be effectively used to 

follow dynarnic changes withiD a skin flap. 
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INTRODUCTION 

Skin flaps are utilized ta provide essential skin \ 

coverage, therefore survival is their most fundamental 

requiremertt. Despite careful ~flap design, full 

thickness nec rosis of skin flaps occurs and may lead ta 

catastrophic complications. To avoid this problem, a 

clearer understanding of the physiolag ical changes which 

occur in normal skin, following its conversion into a 

sk in flap, is necessary. Of part icular cancer n are the 

" effects on the microcirculation which, in itself, 
'\ 

determines ultimate flap viability. 

with an understanding of bath the etiology and 

pathaphysiology of skin flap failure, it may be possible 

ta salvage the failing flap with phar.macologic agents. 

The present study has evaluated experimental pig flaps 

in an effort to clar if Y the pathophysiology of skin flap 

failure. Temperature patterns, red blood cell 

distribution and skin blood flow have been measured in 

acutely elevated flaps. 

CLINICAL SKIN FLAP FAILURES 

Skin flap failure is due ta either extrinsic or 

intrinsic causes. Extrinsic causes include systemid 

, W e* i 
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factors (infection, arter iosclerosis, ~/nypotensio.n, 

76 
~ 

malnutrition) and loca,l factors (compression, tension, 

thrombosis or kinking of a pedicle) • 
t 

Several of these 
;& 

extr insic causes can be minimized by careful 

perioperative managment. In contrast to the plurality 

of extrinsic factors, the only intrinsic cause is 

inadequate nutrient blood flow within. the skin flap. 

This reduction in normal cutaneous blood flpw is 

probably secondary to surgical incisions. Reviews of 

clin ical sk in flaps have shown infec tion and intr ins ic 

factor s to be the lead ing cau ses 0 f flap fa ilu re (54). 

Conventional skin fla}'!>s suffer from distal necrosis due 

to inadequate vascularity whereas free flaps usually 

undergo total necrosis follow ing thrombosis of their 

vascular ped''icle. The former ia an intr insic 

microc irculatory failure while the latter is an 

extrinsic macrocirculatory failure. Myocutaneous flaps 

also undergo nec rosis al though an assessment of the ir 

etiology'has not been reviewed in the literature. • 

Total necrosis of a failed free flap is usually due 

to thrombosis of an arterial or venous anastomoses, with 

partial distal necrosis being a rare event. Revision of 

the appropriate anastomosis allows salvage of the 

failing free flap in a high pecentage of cases (47). In 

direct contrast, the pattern of partial flap-failure, as 

seen in conventional skin flaps, is much more complexe 
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The precise pathophysiological events occurring in the 

distal dying portion ls poorly understood and currently, 

we have no reli4ble means of reversing the situation. 

It i'$ unclear from prev ious exper imental stud'ies whether 

the Inadequate nu tr ient flow is secondary to poor venous 

drainage, arterial insufficiency or shunting of blood 

through arteriovenous anastomoses. The present re~ort 

investigates the pattern of conventional flap failure. 

PREVIOUS EXPERIMENTAL WQRK 
l 

Ta date, there have not been any major 

expe~~mental studies directly addressing the , , 
-

pathophysiology of conventional skin flap failure. Past 

research has been directed towards an understanding of 
,. 

the delay pheno~on. However, with i.p~ov.d~lap 

design and the development of microsurgical techniques 

in the 1ast decade, there are few c1inica1 requirements 

- for delayed f1aps. Exper imental studies have ?een slow 

at para1leling the change in clinica1 emphasis. A\ 

there are no previous papers dealing specifically with .. 
acute skin flap failure, a literature review must dr.~ 

on re1ated areas. Severai theories as to the mec~anism 

of the delay phenomenon have evolved. Through ln 
analysis of the.se theor ies, the pathophysiolog ie events 

/ 
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occurr Ing in anÎ'acute1Y elevated flap may be' better 

understood. 

ISCHEMIA TSEORY " 
It was origina11y proposed by Brown & MeDowel1 

(23) that a delay operation conditions the skin flap to 

ischemia. Multiple investigators (156, 214, see 

Experiment 2) have documented that acute1y elevated skin 

f1aps, both delayed and uQQelàyed, are indeed ischemie. 

When their tolerance to ischemia was tested, Milton 

(142) showed that delayed flaps are more susceptible to 

ischemic necr,osis th an acute flaI:?s. These data do not 

--support -the ischemia theory of delay. Acutely elevated 

flape are suffering an ischemic insult, but de1ayed 

flaps do not have an increased tolerance to ischemia. 

SYMPATHECTOMY THEO~Y 

The role of sympathetic denervation of the 

cu~neous vascu1ature in the delay phenomenon was first 

proposed by 9ynes (98). He demonstrated by simple 

nilhydrln sweat tests that skin flaps are 

sympathectomized. Subsequent researehers (61, 165, 209) 

have shawn histologieal 10ss of catecholamines in 

experimental flaps by 36 hours postope~atively. The 

relationship between the delay)phenomenon and , 

sympathectomy is still unclear. In acutely elevated .~' 

~------... ----.. --.. ~.~------~--~~----------~._-~~-- - . 
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flapa a cut sympathetic nerve spontaneous1y discharges 

catecholamines. This release may have an initial 

vasoconstricting effect on the cutaneous b100d vessels 

which la detrlm~ntal to flap survival. 

REACTIVE BYPEREMIA TBEORY' 
, 

Based on histologlcal observations of clinical 

tubed flaps, Braithwaite (20) proposed that the delay 

procedure worked because of reactive hyperemia. He 
• 
observed that certain vessels of the dermal plexus 

became enlarged under tne influence of local 

metabolites. He postu1ated that this dilatation led to 

an improvement in, venous dra inage and a decrease in the 

overa1l hemoàynam~c resistance of the flap. Local 
. 

vasodilatation due to an accumulation of metabolites in 

ischemic tissue is a weIl accepted fact, but its role in 

the delay phenomenon is much lees clear. It c~n be 

postulated that in an acutely e1evated ischemic flap, 

the balance -between vasod ilating metabol·i tes and 

vasoconstr icting catecholamines will help determine the 
1 -, 

rate of blood flow through nutrient channels. 

INFLAMMATION TBEORY 

Velander (207) proposed that the benefits of the 
" 

delay procedure were from the inflammatory reaction 

induced by Burg ica~ trauma. He felt tha t if the 

" 

« t •• 

• 
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transfer of the flap was optimally timed, this 

~nflammatoy state would lead to a "rapid vascul~r 

link-up overa maximal area". By injecting formic acid 
. .-

to cause an inflammatory reaction at the site of future 

flap elevation, Er ikson and Robson (62) were able to 

increase the surv ival of exper imenta l rat flaps. An .. 
acute ly e1evated flap suffers from two major insulta, 

surgieal trauma and isehemia, both 1.eading ta an 

inflammatory reaction. Whether this inflammatoy state 

is beneN.cial or detrimental to delayed or acute flaps 

has not been adequately defined. 

ARTERIOVENOUS SHUNT THEORY 

Acute flaps fail because of inadequate nutrient 

flow. Reinisch (174) has proposed that this state of 

low eapillary flow occurs in the presence of a high 

arteriovenous shunt f\pw' Arteriovenous shunts, di1ated 

because of sympathectomy, are postulated to offer the 

pathway of least reUstance to flow thereby "stealing" 

from the higher resistance capillar les. with time, t;.h~i 

shunts are thought ta undergo a relative 

vasoconstr ietion and a substantial proport ion of "the 

total flow la redirected to nutrient channels. B~sed on 

indirect observations of temperature, dynamic flow 

stu()ies and radioactive red blood cell distribution, 

Reinisch pos'tulated that delay wOfks because of this 

_____ • ___ • __ ._ ...... ________ .....L-___ -______ _ 

.... c, 
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red1rection o'f flow. If thia theory ls correct, then 

attempts to mlmic delay should be directed towards 

closing arteriovenous shunts, not at increasing arterial 

Inflow. Subsequently, Prather (172) vas unable to find 

temperature patterns or red blood cell distributions 

that supported the shunt hypothesis. Guba (80) 

attempted to quantitate total, nutrient and shunt flow 

in pig flaps using the microsphere technique. He did 

not find a signif icant decrease in absolu te shunt flow '" 

in delayed ,flaps. Whether shunt flow does play an 

important role in acute skin flap failure 1s still 

unclea-r. Both indirect and quantitative studies need to 

be r.epeated so that the shunt theor~ be rejected or 

accepted. 

The relative importance of ischemia, inflammation 

and sympathectomy in skin flap failure remains 

'*' undefined. The presence or absence of detrimental 

acter iovenous shunt' flow is controversial. None of 

these factors have been carefully examined in the 

acutely elevated flap (0-12 hours). If our long term 

goal ia to successfully salvage a fail1ng f~ap, then it 

is Imperative tha t its basic pathophysiolog ic mechanisms 

be more carefully defined. The primary goal of the 

present study is te quantitate changes of total, 

nutrient and shunt flov in acutely elevated fraps.) 

, ' 
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MBTBOD AND MATERIALS 

White Poland China pige (21±2kg) were sedlat~ with 

acepromazine and anesthetiz!!d with thiopental. 
4 

Anesthesia was maintained by either pentobarbital, or by 

intubation and spontaneous inhalation of a mixture of 

oxygen, nitrous oxide and ha10thane (.25-1%>. Four flap 

designs were used in the exper iments (Fig. 4-1). Dorsal 

random (DR) and ventral arterial (VA) flaps, both 18 x 4 

cm were based 3em from the dorsal midline or 4cm from 
. 

the nipple line respectively. Random buttock (RB) and 

arterial buttock (AB) flaps, both lB x 10 cm were 

tlesigned with the anter lor super ior iliac spine as a key 

landmark (see !1:xper iment 1)'. After flap construction, 

aIl animaIs recieved Sec of 10% f1uorescein solution. 

Under Wood's lamp illumination, the pattern of 

fluorescence was noted and recorded. The non fluorescent 

portion of the flap was considered at risk of failure.' 

Pive separate experiments were performed. 

TEMPERATURE 

Under nembuta l anesthesia, six pigs had 34 flaps 

c~nstructed (20 DR, 8 VA, 3 RB, and 3 AB). Plap surfac~ 
• 

temperature was measured wih a surface thermistor probe 

(YSI '708) and digital .. eadout display (Digitee 5800). 

Data. was obtalned ~h preoperatively and one hour 

y 

• 
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1 

1 l, 



---T~-- ~. ~~~~ ...... _-_. -..~, ...... .---_. - .... y.....--... '_.-..e ... QO~; 
" , 

'W' ~f~~·*"'P.i J;tal"ii*~~"'~~~~~"'~~f.~_.1\tft '~'I!I'I'l"-~ ~""" ~. ''.l'>J~ ... ~", ...... '_H"'*.-.. ....... ~ 

" 

ARfER1ALl 
VENTRAL 

tAV) 

Fig. 4-1 Standard flap designs. 

• 
.' 

ARTERIAL 
BUTTOCK 

1 (~B) 

\ 

,. 

i 
ut 

\ 

D 

... 



.. 

( 

• 

( 

• 
Flap Fai1ure. 83 

po~toperatively at 2cm interva1s a10ng the 1ength of the 

flap. For graphie presentation of the data, the 
. 

preoperative temperature at the base of the flap ·was 
, ' 

arbitrarily assigned 0 (mean base temperature = 34 .50 Ç). 

The mean temperature changes from Othis value for the' 

four flap types are presented. In one pig under 

nembutal anesthesia, a thermogram was obtained of 

acutely elevated DR flaps. 

CHROMIUM TAGGED RED BLOOD CELLS 

Five animaIs under pentobarbital anesthesia and 

four animaIs under halothane anesthesia had four DR 

flaps outlined on one or both sides. The flaps were 

elevated at different time intervals (1-24 hours) before 
) 

~ . 
administration of radioactive red blood cells. Each 

an~l 's blood was' tagged with chromium5l in the 

standard fash iOQ. In aster Ile vial, the follow Ing 

ingredients were mixed and incubated at 37 deg rees , 
celsius for 15 minutes: 30cc of blood, 10cc of A-C-D 

solution and 200uCi of sodium cl\romate5l. The vial was 

centr ifuged, the plasma.,rdiscarded and replaced 'with an 

equal volume of normal saline and 250 units of vitamin 

C. Washing of the plasma was repeated 3 times. After 
l ' 

the appropriate period, the pig was fluoresced, the 

radioacti1lJle red blood cells were administered and 

precise1y 2 minutes later, most flaps were transected at 

1 
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their base. In four animaIs, the flaps which had not 

been divided at 2 minutes 'were tranaected at 20, 40 or 
~ ~ 

84 

60 minutes. AlI specimens were pinned out to leng~h on 

cardboard and placed in a freeze.r. Once frqf'en, 
1> 

bi{Jpsies (1. 5cm in diameter) were obta ined along the 
... 

length of the flap using a corkborer i The flap biopsies 

were placed in sc intillation vials and radioactivity 

counted for 10 or 20 minutes in a Beckman Gama 8000. 

The windQW employed for chromium51 was 250-400 keV.<J 

Counts were cor rected for background and plotted in 

histogram format. 

p 

DYNAMIC SCANS 

Under nembutal anesthèsia, two pigs' wer~ used to 

assess the ,value of dynamic scanning of skin flaps. 

Dorsal random flaps were designed, elevated and 

fluoresced in the standard fashiQn. Lead shielding was . 

positioned under the flaps and over the rest of the pig 

to minimize background counts. One pig r~cieved lOmCi 

of technetium9~ free ion and. the other 50mCi of 

technetium99 tagged alb';lmin. Starting from the time of 

isotope injection, th.e ganuna came-ra was progranuned to 
.. 

make thirty 3sec exposures, the scan thus lasted for 90 

seconds. Flaps were then excised 2, 20, 40 and 60 

minu tes after isotope injeJt.ion and a sta tic, 10 minute, 
__ _ ____ ,r 

exposure of the flaps' ,radioactiviy was made. 

D • 
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TAGGED RED Bwon CELLS AND" 15U MICROSPHERES. 
b < 

Strontium labelled 15u microspheres suspended in 

normal saline with, 0.01% 'l'Ween 80\ were obtained a,t â 

nominal specifie activiy of lmCi/g. The spheres were 

examined microscôpicalIy and standards of 100-400 
$, 

sphe~es were prepared to calculpte aver,age counts pet 
. 

bead. The red blood cells were tagged with cbromiumSl 

as prev iouSly descr ibed. Two DR and two VA flaps were 

designed and êlevated on three pigs under pento,barbital 

anes~hesia. Through a carotid artery cutdown" a size 5 

-catheter was posi t ioned at the ba~e of the aorta. 

Follow ing' fluorescein administratjon, 7SuCi of Sr8S 1S 

micron spheres were injected via the aortic catheter. 

The radioactive red blbOd cells were then injected 

intravenously and' a11 flaps excised 2 minu tes later. 

The flaps were frozen, biopsied and counted fat 

radioactivity. Chromium was counted at 180-400keV and 
1 

strontium at 400-700keV." Counts were corrected fQr 

background and crossover and then plotted as histograms. 

c. 

TOTAL FLOW AND NUTlitENT FLOW 
-r-r1l~'" .. ,' 

Nutrient flow was meastired w1ith 15u spheres ~d ' 

total flow w ith SOu spheres. !he SOu apperes, tagged 
~~, 

w ith cer ium141 were obta ined in the sarne f-orm and 

inspected as previously' described. In five animaIs, 2 
.... f 

under 1?entobarbital anesthe~i,ar and 3 under' halothane 
/ 

• 
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'~nesthesia, 4 DR and 2 AB flaps were designed. The left 

ventricle was catheterized with a size 5 c~theter under 

. manometr ic guidance. A femoral arter ial line was 

positionéd for blood pressure monitor in, and reference 

sample withdrawal. Three of the DR flaps were elevated 

and one left unoperated for measurement of control blood 

flow. The AB flaps were elevated as island flaps and 

the draining vein was catheterized with PESO tubing. 
\ 

Pr ior to sphet'e injection, blood pressure was 

recorded and reference sample withdrawal was initiated 

at .... a ra te of 7. 64cc/min using a Har,vard pump. The 15u 

spheres, which had been placed in an injection vial 

(177) and counted, were injected over a 20 second period 

and the line flushed with IDcc of normal saline. The 

whole procedure was then repeated for the, SOu spheres. 

The venous effluent of the AB flaps was collected for 30 

seconds before and 7.5 minutes after each sphere 

injection. 

Skin flaps were exc~ed and eut into nine 4 x 2 cm 
J' "7 1 

strips. The strips were weighed and co~nted for 

radioa,ctivity alon9 with the reference blood samples, 

venous drainage samples and the sphere standards. The 

seckman Gamma 8000 was programmed to count each specimen 

~for l~ minutes in two windows (20-180keV for cerium141 

and 400-700keV for strontium85). A computer program was 

wr itten and used to correct counts for background ~nd 

1 
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" 
crossover and to calculate flow according ta the 

equation: 

FLOW TO SPECIMEN (CC;MINjlOOGM) = 

REF FLOW(CC;MIN) X SPECIMEN R~IOACT(CPM) X 100 

REF RADIOACT(CPM) X SPECIMEN WT(GM) 

The calculated flow rates for each 2 x 4cm segment 

along the flap were then plotted as histograms. The 

mean flow rates of control skin, fluorescent flap skin 

and nonfluorescent flap skin were calculated for two 

types·of anesthesia. 
/) 

( 

To estimate the accuracy of ISu and 5 Ou spheres in 

their determination of shunt flow, the radioactivity of 

the venous effluent of the AB flaps was div ided by the 

sum of the radioactivity of the total flap and th~ 

venous effluent. Shunt flow for DR flaps was calculated 

by subtracting nutr ient flow (l5u spheres) from total 

flow (SOu spheres.) The number of spheres per skin 

specimen was determined by compar ing radioactivity to 

that of the standard preparations. This enabled us to 

assure at least 400 beads per specimen. 

• 
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RESULTS 

Fluorescein administration in the early 

postoperative period (1-4 hours) resulted in a poorly 

defined borderline between fluorescent and 

nonfluoreseent" segments of the flap. After 8 hours 

however, the demarcation line of fluorescence was weIl 

defined. 

TEMt>ERATURE 

The mean tempera ture patterns for the four flap 

types show consistent differences ftom control (Fig. 

4-2). Distal to the level of fluorescein penetration, 

flap temperature was 1.~-2.50C below control 
'; 

• 

88 

preoperative values. In the fluorescent portion of the 

flap, 'proximal temperatures in arterial flaps were 

closer \0 control than were those in random flaps. 

Thermograms showed aIl flaps to be eooler than control 

skin (Fig. 4-3). If surface temperature is an accurate 

reflection of cutaneous blood flow, there i6 a graduaI 

decrease in flow as one progresses distally~ng the 

flap. without exception, the flap was al~)éiys )ooler 

than controls in marked contrast to previo~s reports 

(174) • 
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Fig. 4-3 Thermogram of 4 acutely elevated dorsal random flaps. 
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CHROMIUM TAGGED,RED BLOOO CELLS 

The" mean distr ibution of chromium51 tagged red 

blood cells to random pattern flaps, elevated for 0-24 

hours (mean=~urs) and left in situ for 2 minutes, is 

limited primar ilk to th~fluorescent .i0rtion of the f~ap 
(Fig. 4-4). There i6 a graduaI decline in radioactivÏty 

"r 

as one progresses distally away from the flap 1 s base. 

If 4 hour old flaps are l~ft in situ for 20, 40 or 60 

minutes, there i8 a graduaI increase in radioactivity in 
,/ 

the nonfluorescent portion of the flap (Fig. 4-5). The 

15u spheres are trapped in the capillary bed during 
~ 

their first circulation and their level of radioaGltiviy 

i5 representative of flow rates. With recirculation 

through the vascular system, radioactive red blood cells 

are distributed to aIl vascular spaces regardless of . ' 

f10w rates. This may explain the discrepancy of the 

distribution of these two vascular markets. The use of 

halothane as compared to nembutal did not alter the 

distribution of red blood cells in the failing pig 

flaps. 

DYNAMIC SCANS 

With the dyna~ic f10w studies, no radioactivity 

was detected in the flaps on 3 second expoBures {Fig. 

4-6). Bowever, radioactivity was detected when the 

static scan was performed on the same flaps for 10 

, -

1 
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minutes (Fig. 4-7). AS with the red blood cell 

distribution, both the free ion and albumin were 
" "'.,. 

distr ibuted ,pr inc ipally to 'the fluorescent' portion of 

the flap. The radioactivity in the nonfluorescent 

portion of the flap increased with the length of time 

the flap was left in situ. In contrast to previous 

90 

reports (174), dynamic scans were unable to assess blood 

flow in sk in fla(>s. 

SPHEREW VS. RED BLOOD CELLS 

In comparing l5u spheres and chromium51 tagged 

blood cet1 distribution (Fig. 4-8), both vascular 

markers were primarily limited to the fluorescent 

portion of the flap. By excising flaps at 2 mi~utes, 

were unable to replicate previous findings (174). 

Bowever, if the flaps had been left in situ longer, it 
. 

is presumed that the recirculation of the red blood 

cells and their equili~ratton in the distal flap would 

lead to a discrepancy in their distribution as compared 

to spheres. 

TOTAL AND NUTRIBNT FLOW 

Quantitative flow studie~ith the microspheres 

show ,that under nembutal or halothane Anesthesia (Fig. 

4-9) there 18 in8ignificant flow, both total and 

nutr ien~1 in the nonfluorescent portion of an acutely 
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elevated flap. In the fluorescent flapI flow gradually 

decreases as one progresses dista'lly from" the\ base. 

This pattern of diminishing distal flow wa.s éonsistent 

in aIl the flaps examined. In both these acute flaps, 
"" 

the absolute and relative shunt: flow also decrease as 

one progresses distally. 

The average flow rates for control skin and the 

fluorescent and non fluorescent port ions of the flap 
/ 

were calculated (Fig. 4-10). Total blood flow was found 

to be significantly higher in control skin than in the 
JI ' 

fluorescent flap. Nutrient blood flow does not differ 
; , 

between control sk in and fluore::;cent flap. The 

<nonfluorescent flap has virtually no measurable flow, 

neither total nor nutrient. From the data obtained by 

collecting ~s effluent of arterial buttock 

flaps, 4.4% of the SOu spheres w.~re shunted and 84% of 

the l5u spheres were shunted. We interpret this to show 
it~ 

that flow as deterrnined by SOu spheres is an accurate 

index of total flow to the flaps. Shunt flow, computed 

from total" flow less nutrient flow, was significantly 

less in the flap than in control skin. The act of flap 
, , 

construction induces profound changes in cutaneous blobd 

flow. 

Anesthetic agents also have a profound effect on 

cutaneous blood flow. Pigs under halothane ânesthesia 

had control cutaneoua total blood .fl~$ significantly 
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higher than pigs under nembutal anesthesia (p<.OI). 

Nutrient blood flow was lower under halothane than under 

nembutal. Shunt flow in both control skin and 
. ~ 

fluorescent flap skin was greater und~r halothane than 

nembutal (Table 4-1 & 4-11). The type of anesthesia 

employed significantly affects measurements of cutaneous . " 

blood flow. 1deally, animaIs should be awake while 

assessing skin blood flow rates. 

DISCUSSION 

The importance of understandin~ the 
1 

pathophysiology of skin flap failure is related to our 

ultimate abili ty to prevent the complica't:ions of sk in 

flap nec rosis. Data from the ,present study on 

experimental pig flaps indicate that flaps fail because 

of arter ial 'insuffic iency. Arter iovenous shunts do not 

play an important role in acute skin flap failure. 

OBJECTIVE EVALUATION 

"'Sur face temper a ture read in9 s i'nd ica te tha t flap 

blood flow becomes progressively less than control as 

one myes distally a10ng a flap.' H shunt flow is the 

cause of inadequate capillary,flow, one would expect to 

find highertemperatures as one progresses distally. , 
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TABLE 4-1 

CUTANEOUS FLOW RATES 
• (Cc/minYOgm> 

HALOTHANE ANESTHESIA 

CONTRO L SK IN PLUORESCENT FLAP NONFLUORESCENT 

29.17 + 6.9 5.59 + 2.3 .08 + .1 - -
.87 + .72 .62 + .49 .08 + .22 - -

28.3 4.97 0 

(97%) 
-....'" 

(89%) (0%> 

i h 
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l5u flow 
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shunt flow 
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TABLE 4- II 

CUTANEOUS FLOW RATES 
(cc/rnin/lOOgm) 

NEMBUTAL ANESTBESIA 

CONT"ROL SK IN FLUORESCENT 

10.25 + 1.7 4.100 + -
1. 34 + .20 1.21 ~ -

8.9 2.89 

(S7%) (70% ) 

FLAP NONFLUORESCENT FLAP, 

3.1 .05 + .06 

.8 .07 + .6·8 

0 

(0%) 
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After approximately 6-8 circulation times (2 minutes), 

the distr ibution of radioactive red blood cells also 

indicate a graduaI decrease tn flow towards the distal 

end of the flap. However, after multiple recirculations 

(20-60 min) the concentration of radioactive cells in 

the distal flap increases to greater than control. 

Blood is getting into the flap but at such a slow rate 

that flow and oxygen delivery are insignificant. The 

high red blood cell concentration ls a reflection of the 

heroconcentra tion tha t we have prev iously documented 

(see Experiment 3). The vascular channels in the 

fai1ing distal flap are patent. This observation has 

important implications for the systemic treatment of 

skin flaps. 

Dynamic scans provided no 'useful information about 
\ 

blood flow to acute skin flaps. Skin fl~p flow ls 50 

low when compared to the rest of the body' that gamma 

cameras are unable to detect the presence of 

radioactivity in a 3 second exposure. Bowé,ver, static 

scans of the technetim ion and technetium albumin 
\ 

distribution in the flaps was in accord with,the 

observed distribution of red blood cells. 

utilizing the radioactive micro-sphére technique, • 
-

we were able to measure total flow by the SOu spheres, -- \ 

nutrient flow by l5u spheres and shunt flow by 

subtracting nutrient flow from total flow. By 

eq .. f 4 •• i 
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collecting venous effluent from selected flaps we were 
. 

able to test the accuracy of 50u spheres in measuring 

total flow. Flow (total,' nutrient and shurit) 

unquestionably decreases as one progresses distally 

aJ.ong an acutely elevated pig skin flap. 

ACUTE FLAP BLOOD FLOW 

Why do skin flaps fail? Inadequate nutrient blood 

flow appears to be a conseque~ce of a decrease in 

arterial inflow (see Experiment 5). This decrease i5 
~ 

seconda'r"y to the surg ical sever ance of the normal 

cutaneous vasculature. Poor flap design and anatomical 

variations in skin blood sUpply make t6is an unavoidable 

consequence. Our findings of decreased flow rates in 

tandom pig flaps correspond weIl with previous 

experimental studies. However, these studies did not 

look spec ifical1y at the failing port ion of the flap. 

Nathanson (158) measured skin blood flow in viable 

random dog flaps during their construction. Incising 

the flap sides caused an increase in nu tr ient flow as 

cornpared ta control. Flap undermining caused a dramatic 

decrease in nutrient blood flow. Guba (82) atssessed 

nutrient blood flow to viable arterial flaps on dogs in 

" 
t~e early postoperative period. Control flow measures 

were made prior to flap construction. At both 30 and 90 

minutes post construction, cutaneous flow in the 

... , _ .•• cl 

.... 

.J. 

.. 



( 

( 

1 

• • 

Flap Failure 9S • 

arter ial portion of the flap was signif icantly grea ter 

than preoperatively. However, flow rates in the viable 

random portion of the flap were significantly below 

control flow at 30 and 90 minutes. Sasaki (180) studied 

flow rates and microsphere distr ibution in acutely 

elevated rat flaps. Measuretnents of control skin blood 

flow or control sphere distribution were not reported. 

The ISu sphere distribution was initially (2-6 hour oid 

flaps) limited to the arter ial portion of the flaps. 

However, in 12-24 hour old flaps, spheres were also seen 

in the distal random portion. Flow, rates 7e measured 

for the total flap but were not subdivided into arterial 

or random, viable or nonviable segments. Flow to the 

total flap was found to increase ~ith time after 

sùrgery, reaching a maximum by 24 hours. 

INSULTS 

~ 

Flaps fail from arter ial insufficiency (see 

Experiment 5). What are the physiological consequences 

of this and are they beneficial or detr imeri'tal to flap 

circulation (Fig. 4-11)1 One must first realize that 

flaps are in essence a type of end organ without 

collateral circulation. The distal flap i8 totally 

dependent on the proximal flap. Changes in the distal 

flap are always rore severe than those in the proximal 

flap. There are 3 major interrèlated insults initiated 

, a !QI c, 
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Fig. 4~11 Pathophysiological events occurring in an acutely elevated 

flap. 
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by f1ap elevation: 1) severed vessels produeing 

isehemî'a, 2) surg ieal trauma causing inflammation, and 

3) severed nerves reBU Iting in sympathectomy. 

Ischemia. Conversion of a skin area to a skin 

flap necess i tates severanee of cutaneous vessels wi th 

resulting ischemia. The degree of isehemia tends to 

increase with distance from the vascular supply to the 

flap. The consequences of ischemia are fourfold. 

First, cellular death will result within 13 hours (see 

~ . 
Exper iment 2) unless flow is restored to the tissues. 

Second, there is a buildup of by-products ftom anae;Qbic 

metabolism which act as local vasodilators. This 

vasodil~ting effect will only be beneficial if the 

arter ial pressure is Adequate to insure continued flow 

~ith ihis decrease in tasculaf resistance. Third, 
'\ 

ischemia results in an inflammat.ory type reaction 

leading to endothelial cell swelling and in the 

extreme, intra1uminal obstruction. Four'th, the ischemic 

tissue will be more susceptible to infection which in 

it'sel; will be detrimental to flap survival. 

Trauma. Surg ieal trauma cau.ses an additional 

inflammation that compounds the insult of ischemia. 

with the inflarmnatory reaetion, multiple agents· . , 
including bradykinin, histamine, and prostaglandins are 

. _.L ___ - --
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released causin9 local vasodilatation and an ;ncrease in 

caplllary permeability. There is a resultant sh ift or 

leakage of fluid into the extravascular space. This 

leakage has two important consequences. 

Intravascular ly, there is hemoconcefltration which alters 

the rheolo9ic properties of blood. Resistance to flow 

ie increased. Extravascularly, interstitial edema 

develops as does intracellular swelling. 

Sympathectomy. When a sympathetic axon is severed 

from its cell body, there i5 an obligatory loss of 

catecholamine from the nerve terminal. Th ls release 

causes a vasoconstr icting influence on the alpha 

adrenerg ic receptor s. Whether this ls offset by 

opposing vasodilating forces will depend on the ultimate 

balance between the two. It is our impression that in 

the proximal flap, where ischemia i8 not so severe, the 

vasoconstr iction predominates c~using submax imal flow. 

Bowever, in the distal fiap which ls sevetely ischemic 

the vasodilating factors are predominant. More 

importantly the distal flap is entirely dependent- on the 

proximal flap for i ts blood flow. Thus, despite 

vasodilatation in the distàl flap, flow cannot increase 

becauee of the prox imal regulation of arter laI inflow. 
'-
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FLAP SALVAGE: , 

with this postulated information, how can we 

attempt to salvage the failing flap? If we could 

inor@ase arterial inflow, we could minimize the ischemic 
.. 

insult. Theoretically, this inc rease flow could be 

accompli shed by' block ing the vasoconstr ictif9 factors 

affecting the proximal flap. A variety of alpha 

blockers have been employed in several animal species 

with somewhat varied results. Alternatively, 

vasodilating forces could be made stronger so as to 

overcome the vaoconstr ic ting forces. Direct acting 

vasodflators have been utilized both successfully (67) 

and unsuccessfully (189) in rats. If proximal flap flow 

is suboptirnal, continued efforts to find effective 

vasoactive agents should prove benefic ial to the failing 

flap, Detrimental effects of infection have been 

indirectIy demonstrated by an increase in skin flap 

survivai in germ free rats as compared to con troIs 

(116) •. Experimental flaps treated with topical silver 

sulfadiazine (133) also have increased survival when 

compared to untreated animaIs. ControJ of the natural 

skin flora Dy topical therapies has exciting 

possi~ili ties ~for the fai11ng flap. 
# 

The inflammatory response elioited by both 

ischernia and surg ioal trauma is detr imental to aeute 

flap survival. Antiinflammatory a~ents suoh as 
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corticosteroids can protect the cells ag ainst ischemia 

by stabi1izing cell membranes. This effect will 

minimize inereases in capillary permeability and fluid 

extravasation. The use of systemic steroids in 

• 

99 

experimental animaIs with skin flaps (137, 138) has been 

found beneficial. Topieal application of steroid creams 

has not yet been utilized. Prostaglandin synthesis 

inhibitors have also been demonstrated to increase 

experimental flap surviva1 (lB1). Whether this effect 

is due to block ing the inflammatory or vasoactive 

characteristics of prostag1anél.ins is unclear. 

Manipulation of the hemoconcentration, and,th~s 

the resu1tant increase in vascular resistance, that 

develops in the failing portion of a sk in flap is 
t 

another potential means for improving flap survival. 

Exper imental an ima1s have been made 

(176) and anemic (59, 159) in arder to improve flap 

survival lengths. Flape in rabbits treated with 

systemic hepar in have also shown inereased survival 

length (182). 

Skin flaps fail because of arteria1 insufflciency. 

Ischemia is the pr imary insult wh ich is compounded by 

sur<3 iea1 trauma, inflamation, and sympathectomy. 

Bopefu11y, with th i8 improved understanding of the 

pathophysiology of skin flap fai1ure, attempts ta 
Q 

fncrease flap sury ival length will be more fruitful ~han 
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in the pasto 

SUMMARY 

The pathophysiology of skin flap failure was 

investigated in acutely e1evated pig ·random skin flaps. 

Temperature patterns were observed as was the 

distribution of radioactive red blood cells. 

Microsij,heres were utilized to quântitate nutr ient and 

total flow. Acu tely elevated flaps were fluoresced and 

it was found that the nonf}uorescent,portion of the flap 

had insignificant circulation as determined by each of 

the above techniques. The consequences of this decrease 

in flow are discussed with respect td the potential 

trea1:ment of the failing sk in flap. 

• 
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EX PERIMENT 5: 

SALVAGE Of' THE FAILING FLAP 

( BY CONTROLLED VASCU LAR 

AUGMENTATION 
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Flap Salvage 

INTRODUCTION 

The etiology of intrinsic skin flap failure is 
f 

attributed to either arterial insufficiency or venous 

inadequacy (77). In the past few decades, three 

different experimental approaches were employed to 

resolve this problem. Clinical observations"by Hynes 

102 

(96) and experiments by Myers et al (155) and Cherry et 
, 

al (30) assessed the effect of 9ravitational forces on 

blood flow in sympathectomized skin flaps. Flaps were 

made dependent to increase venous drainage. These 

st'udies had conflicting results and no conclusion as to 

the relative importance of arterial or venous factors 

could be made. 

The second method was based on the corollary that 

conver sion of an arter ial flap to a random flap resulted 

in a shorter sUJ:viving length. Experiments were 

designed (152, HIS) ta determine if the critical 

manoeuvre was the division ~f the segmental artery, vein 
) 

or both. Arterial supply was foùnd ~ b= _ the most 

important factor. If decreasing the arterial input 

decreases flap survival length then what effect will 

increasing aiterial input or venous drainage have on 

flap survival length? 

The present paper describes a third approach ta the 

problem. Selective augmentation of either venous or 
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arteriai supply is effected to the nonfluorescent 

portion of a random flap. ,,~ 

METHODS AND MATERIALS 
~ 

White Poland-China pigs (16-23kg) were sedated,with 

acepromazine and anesthetized with thiopental. 

Following intubation, an~sthesia was maintained with a 

mixture of halothane, nitrous oxide and oxygene In 9 

pigs, bilateral standazd buttock flaps 18 x 10 cm were 

designed ta have a random pedicle distally and an island 

pedicle proximally (see Exper imen t l) The flap was 

incised, elevated and sutured back in its bed. The 

animal was turned to a supine position to allow 

dissection of the vascular pedicle to the level of the 

inguinal ligament. The vascular island pedicle .was 

manipulated in one of three ways: 1) ail structures 

, were divided, 2) nerve and vein were divided, or 3) the 

nerv.~ and artety were divided (Fig. 5-1). Three 

experime~tal groups W:,ere thus created: control (C), 

arter ial augmentation ('AA) and venous augmentation (VA). 

The wounds were closed and aIl animaIs observed. One 

week postoperatively, the animaIs were sacrificed and 

the flaps photographed. 

j 
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RESULTS 

AU flaps in the control and venous augmentation 

group underwent necrosis of the island end of the flapi 

and survival of the random end of the flap (Fig. 5-2 & 

5-3). The mean surviva1 of control flaps was 7.67 cm 

(43%), VA flaps 8.33 cm (46%) and AA flaps 18 cm (100%) 

(Fig. 5-4). The AA flaps were significantly longer than 

either VA or C flaps (p<O.Ol). The surviva1 lengths of 

VA and,C flaps were not significantly different (p) 

Q. 33) • 

DISCUSSION 

In order ta salvage a failing flap it is critical 

ta understand the physio1ogical basis of skin flap 

failure. Since the, dy ing flap often appears blue, the 

etiology was considered congestion secondary to venous 

insufficiency (134). Histologically, one sees dilated 

capil1ar ies packed wi th r.ed blood cel~s • But does'this . ' , 
" . 

observed state repJ;'e~ent p·assive dist.ension fr'om venous, '. 
- -" ~ :/l. ~ , , 

, .. 
inadequacy or is it the active vasodilatat~on ,of anoxia<', .-

~~, .. ' 

secondary to arterial insufficiency? Clin ical1y, Hynes', r-
l " 

(96) noted that "blue" f1aps cou1d be made white 'and 

"white" flaps made blue by changing gravitational 

forces. Be postulated that flaps fai1éd because of 
. '. 

,. 

, 
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Fig. 5-2 Survival of control flaps, random pedicle only. 
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Fig. ~-3 Survival of VA flaps, random pedicle with augmented venous 

supply. 
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Fig. 50-4 Surv ival of AA flaps, random pedicle with augmented 

arter ial supply. .. 
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arterial insufficiency. Myers et al (155) subsequently 
• 

used gravitational force in experimental rabbit and pig 

flaps to increase arter ial inflow. They found no change 
, 

in survival length. Cherry et al (30) extended these 

studies to include delayed flaps subjected to more 

severe gravitational forces. He found a decrease, not 

an increase, in surv11al length of depende~ delayed 

flaps. Th~se conflicting studies confuse the issue as 

it is questionable whether gravit y really does alter 

arter ial inflow. Myogenic factors in the autoregulation 

of the cutaneous microcirculation may limit the effect 

of gravit y (86). 

Studies in the rabbit and pig (155, 168) showed 
• 

that survival of arterial flaps was decreased if their 

segmental artery was ligated. In contrast, ligation of 

the segmental vein did not alter survival length. 

Salvage of a flap tip dest ined to nec rose by increasing , 

arter ial inflow has not been shown by the foregoing 

studies. However, our data show clearly, that selective 

augmentation of arterial inflow does prevent necrosis in 

that portion of a pig skin flap that ls destined to 

fail. Clinically, it will be difficult to increase 

arter ial inflow. Fir st, there is rarely a segmenta 1 

artery in the distal end anatomically. Even with 

microsurgical techniques, there is rarely a segmental 

. artery in the distal end of a clinical flap (135). A 
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"-
"Ii 

convenient donor artery i5 also unavailable (157') • 

Thus, salvage of the failing distal portion of a skin 

flap must be by pharmacologie manipulation of the 
... 

microcirculation, especially arterial inflow. 

Currently, double blind drug studies are being done with 

phenoxybenzamine (an alpha adrenergic rec'epthr blocker), 

isoxsuprine (a b~ta receptor agonist and a direct smooth / 

muscle relaxant) and reserpine (a catecholamine 

depletor) to determine thelr efficacy. 

SUMMARY 

The role of arterial supply and venous drainage in 

. sk in flap necrosis has been examined using a pig sk in 

flap model. Augmentation of arter ial inflow to the 

distal portion of the flap significantly increased. flap 

survival. Augmentation of venous drainage had no effect 

on flap survival. Attempts to salvage failing skin 

flaps should be directed towards increasing arterial 

inflow • 

• ra 4.5 i 
... 
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INTRODUCTION 

Sa1vaging the failing skin flap remains a challenge 

for plastic surgeons. Despite an improved understanding 

of the cutaneous vasculature, skin flap necrosis still 

occurs. Effective and r~liable treatment of the failing 

skin f1ap remains an elusive goal. Neerosis oecurs in 

ail types of skin fiap~ including random flaps, arteria1 

flaps, myocutaneous n,aps anô free flaps. The present 

1 study was designed to investigate. failure in random skin 

flaps. 

CLINICAL TRIALS 

To date clinical reports regarding the,treatrnent . 

of failiog flaps are based primarily on isolated cases, 

not on clinical series. Adamson (4) elevated random 

skin flaps in the lower extremities of a paraplegie 

patien~. Flaps on the 1eg were treated with topieal 

dimethylsulfoxide. The treated flaps survived to a 

longer 1ength than untreated flaps on the contralateral 

1imb. The difference seen in viability was suggestive 

of a beneficia1 drug effect but may also be explained by 

chance variation. Bar ison! (12) 'studied the effects of 

thymoxamine, an alpha adrenergic receptor b10cker, on 
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control skin and flap skin blood flow. Systemic 
\ 

thymoxamine and 10cally injected thymoxamine were found 

to increase Na22 clearance in flaps but not control 

skin. Unfortunately this increase in blood flow did not 

correlate with survival. Finseth (66) has published 

case reports of salvag ing failing flaps with 

isoxsuprine. Fluorescence of the flaps was the control 

measure of viability before drug treatment. As 

fluorescence is not always an accurate index, the 

benefit of isoxsuprine, or any other drug, cannot be 

accurately assessed by isolated case reports. Perrins 

'(169) has studied the effect of hyperbaric oxygen in a 

more systematic way. Clinical skin flaps threatened 

with failure, as defined by subjective observations, 

underwent intermittent treatment. There were obvious 

improvements in flap color and flap viability. The 

overall incidence ef flap failure during the year that 

the therapy was instituted was less chan in previous 

years at the same hospital. Unfortunately 'this 
\ 

treatment has not become widely accepted b~çause it 

involves potential hazarda to the patient, curnbersome 

equipment and the need for highly trained professionals • 

c, 

1/ 
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EXPERIMENTAL STUDIES 

More than 45 papers have been pub1ished on the 

treatment of experimental failing skin f1aps. The 

results of these studies are conflicting and therefore 

difficu1t to interpret. The literature can be 

simpHfied by defin'ing certain pertinent factors 1) 

therapeutic agent employed, 2) timing of treatment, 3) 

route of administration, 4) animal species employed, and 

5) repeatibility of the study. The therapeu'tic agents 

utilized to increase flap survival can be subdivided 

according to their theoretical mode of action. 

INCREASED BLOOD FLOW 

Sympatholytics 

phenoxybenzamine has been successfu1 at increasing 

.flap survival when used both pre- and postoperative1y in 

rats (67, 1"53, 212) It has been administered by both the 

systemic route and by direct injection into the base of 

the fl~p. Bowever, the same drug employed by different 
• 

researchers in rats (189) and pigs (148) has shawn no 
, . 

beneficial effects. Pretreatment of rats with systemtc 

reserpine (40, 102) 6-0Bdopa (174, 212) and proprano101 

(67, 100) have been found successfu1Aly some authors but 

unauccessfu1 by others (103, 189). Pretreatment of rats 

, 
1 

1 1 
, 
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wih guanethidine has been suecessful and repeatable (1, 

67, 102). If our current understanding of skin f1ap 

fai1urë is correct, the pharmacologie manipulation of 
.... 

the sympatheti~ regulation of cutaneous microcirculation 

sheuld increase flap surviva1. However, past attempts 

to do this have not been consistently successfu1. Our 

current theories need closer examination and our 

pharmacologie studies requiçe more earefu1 planning and 
f 

monitor ing. 

Direct Vasodilators 

. Topical dimethyisu1f~xide has been used 

postoperatively in both rats and rabbits showing both 
~ 

beneficial (5, 78, 107) and no effects (109, 153) GO 

skin f1ap survival. Histamine in rabbits (107, 14l) and 

hydra1azine in rats (67, 189) have a1so been both 

successful and unsuecessful at inereasing f1ap surviva1 

1ength. Isoxsuprine, given pre- and postoperatively ta 

rats has increased flap survival in sorne researchers 

hands (67) but not others (29, 179). The use of 

prostaglandin inhibitors in rats has been found ta 

increase flap survival (180) but there are no 

confirmatory investigations in the literature. Whether 

or not vasodilators can increase flap survival is 

questionable. Pharmacolbgic agentszare usually coaplex 

having more than one effect. For d~9S such as 

- - ....... ----:-

1 
I~ 
! 

, 

1 

~. 

1 

l 

1 , 

• 



.., 1 

, .. ":. ~ 

-r C)' 

....- - ~-~ ---~~ ...... ~.~. ~,~,,.----'--.,,,,,,,,,-"':",~ ... '<It"P""""'--'-"."" _.*_ ........ , 
. , . - ------,--,._-------..--- ~.,.---..." ~~. ~ - - ....-..--,. ... ~- -~ ~ ~ 

,Flap Trea tmen~ 112 

dimethylsulfoxi~e and prostaglandins, it is uncertain 

whether it ls their vasodilating or anti-inflammatory 

effects that are beneficial to flap circulation. Even 

~n the treatment of medical illnesses, the precise mode 
'" \. 

of action of Many drugs is uncertain. Plastic surgeons .... 
might be wiser to limit their exper imenta tion to th,e use 

of drugs whose actions are clearly understood by the 

pharmacologists. 

• 
Alter itlg Rheology of Blood 

" '., 

Postoperative treatment of skin flaps with 

'pentoxifyll-ine (rats, 200) and heparin (rabbits, 182) 

has increased f1ap suvival. Anemia, in dogs (59) and 

rabbits (159), and protein depletion in rats (176) has 

shown a,n increase in flap surviva1 length. The use of 

dextran (150) has not improved flap viabilitY~ ~ 

Perfusion of rat flaps with solutions of varY1ng\ 

. ,visc()sity have shown that decreasing perfusate viscosity 

results, in a· significant increase in flap blood flow 
,-

(39) * No attempts to replicate these findings have yet 

been published. Alteration of the ,rheologic properti~s 

of blood may indeed improve'flap'survival. Bowever, it 

is not acceptable to make patients anemic or 

,hypoprotenemic to achieve this goal. 
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INCREASING TOLERANCE '1'0 ISCHEMIA 

Systemic steriods have been used both pre- and 
, 

postoperatively in rabbits (138) and plgs (137) with a 

signi.ficant increase in flap survival. No .replications 

of these findings have been published: Byperbaric 

oxyg:en has been used successfully in rats 
1 

v 

postoper~tively (7). OOoling has also been effective 

postoperatively in rabbit flaps (108). Topica1 

flamazine (133) and moist dressings (178) in rats have 

been found successful at increasing flap survival 

length. Although corticosteroids show exciting 

possibilities, more experimental studfes must be carried 

out to document their benefit to the failing flap. 
, 

Cli,nical tri~üs will not b,e justified until such a time. 
<;t." 

Our previous work led us to conclude that flaps 

faii because of arterial insufficiency, resulting in 

ischemic necrosis. Treatment of the failing flap should 

be directed towards increasing arter iai infiow oI" 

minimizing the effects of ischemia. Clinically, 

recognition and treatment of a tailing flap does not 

occur until the postopera~e periode In designi~ the 

present stud~, pigs were ch~n for th&ir fixed skin and 

m~ltiple flap sites. Treatment was begun 

postoperatively so as to mimic the clinical situatiop. 

'l'hree v.a~active drugs were test'ed. Phenoxybenzami,ne, 
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an alpha adrenergic receptor blocker, was choosen 
). 

because of its abili ty to minimize the vasoconstr icting 

effects of catecholamines, especially those betng , -

spontaneously released from the surgically eut 

, sympathetic ne~s. Isoxsupr ine, a direct acting smooth 

muscle- relaxant was choosen for its vasodilating effects 

and for its eontroversy in the current literature. 

Reserpine, a catecholamine depletor, was used to 

t~eoretically hasten the depletion of catecholamines 
, 

from the eut sympathetic nerves. Drug induced changes 

. in flow were mea~ured by the microsphere technique. 

METHODS 

White Poland-China pigs (21+2kg) were sedated with 

.acepromazine, anesthetized with sodium th,iopental and 

~ndotracheal aneêthesia maintained with a mixture of 

oxygen, nitrous oxide and\halothane. Following 

anesthesia, four dorsa11y based random skift flaps were 

out1ined on one flank (Fig. 6-1)., Fo11owing .skin 

preparation with prov iodine, the flaps were elev~ted, 

then sutured back in their beds and Scc of 10" 

flourescein was given intravenously. Under Wbod's,lamp 

illumination the furthest.penetration of ~lourescein was 

recor'ded. This colil1d ~e expected to -eo.rrelate (~:.lcm) 

, 
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Pig with out1ine of four 14 x 4 cm dorsally based random 

f1aps. 
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, . 

with survival as based on our previous data from 
4l. 

·,.compàrable flaps. Three experiments"were carrieQ, out. 
, 

EX PERIMENT 1 

'l\renty pigs (17.4 :: 2 kg, mean:: S.D.) were 

divided into four groups. AlI animaIs underwent two 

opera tions (Fig. 6-2). Follow ing flap elevation, 

fluorescein was administered. At the first operation 

a11 animaIs had four 14 _,x 4 cm dorsally based random 

flaps constructed. No treatment was received for the 

next three days. On the third postoperative day the 

second operation was performed. Four 14 X;4 cm similar 

flaps were elevated on the unoperated side. Immediately 

,after surgery and flUorescein ~valuation, animaIs' 

received a~ intramupcular drug and an intravenous drug , . . 
(Table 6-1). The lM drug was administered every 8 hours 

for 5 days and the IV drug once a day for 5 day3. On 

the seventh day after the second operation the animaIs 

were sacrificed and, the flap survival lengths measured. 

AnimaIs were operated on, treated and housed in groups ..., 
of ~ur, there being one animal under each treatment .-
condition. 

Phenoxybenzamine, 2 mg/kg, or its placebo was 

admini,tered intravenously once a day. The drug was 

supplied'tn powder form and a 10 mg/cc solution 

... 
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-Day 1 4 8 11 

.Operation, #1 #2 

• Fluorescein uni\ pre R. 

• T reatments 1 < , L 

-Survival , unR. 

Fig. 6-2 Sequence of events in experiment 1. 
l , 
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Placebo P 

.2ccjkg 

IV g24h 

Phenoxyb~nzamine 

~mg/kg 

IV g24h 

TAaLE 6-I 

EX PERIMENT 1 

Placebo l 

• lee/kg 

lM g8h 

Group 1 

Isoxsupr ine 

.Smgjkg 

lz.g8h 

Group 3 

Group 4 
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prepared. O~e gram of powder was dissolved in 50 cc of 

100% ethanol which was then mixed with an equal volume 

of O.OIN,OCI acid. The solution was sterilized with 

O.22u millipore filter paper and stored in a freezer 

until used. The placebo solution was the solvent 

without drug (placebo P, 0.2 cc/kg}. Isoxsuprine, 0.5 

mg/kg, was given intramùscularly every 8 hours. It was 

supplied as 5 mg/cc in a 2.5% glycerin solution. This 

samé solution, without isoxsuprine was used for placebo 

injections (placebo l, O.lcc/kg). AIl drugs were placed 

in coded vials and the researchers were unaware of their 

contents until the conclusion of the experiment. A true 

double-blind study.was effected. 
j.~ 

The data collected included two measures, 

fluorescence and surv ival, for each of 8 flaps in 20 

animaIs. Initially, a 6-way analysis of variance was 

performed and showed no benefit from including the 

fluorescein data. Therefore, data interpretation was 

simplified to a 4-way analysis of var iance. The 

variables were isoxsuprine, phenoxybenzamine, flaps and 

animaIs. The first null hypothesis tested was that the 

difference between survival of untreated and treated 

flaps wa-a-O. The second null hypothesis stated that 

this difference is the same in one drug group as 

compared to the other drug groups. The differences were 

tested 8gainst an error vàriance estimated between 

. , .. .1 
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animaIs and averaged across flaps. 

EXPERIMENT 2 

In five pigs (21 ~ 1. 5 kg) flaps were elevated in 

two opera tians as in the prey ious study. Immediately 

postoperative, aIl animals recieved one dose each of IV 

phenoxybenzamin~ (2 mg/kg) and IV reserpine (2.5 mg/kg). 

Reserpine was prepared from the powder form by 

dissolving in a small amount of acetic acid and then 

• IOcc of distilled wa ter. Survival leng ths of the 

treated and untreated sides <Nere subjected to a one 

tailed t-test. 

EXPERIMENT 3 

In ten animaIs (22.3.±. 1.7 kg), the microsphere 

technique was utilized to measure changes in cutaneous 

blood flow. The 15 micron spheres, suspended in normal 

saline, labelled with CelU, CrSl or Nb95 were obtained, 

examined and placed in injection vials (88). Follow lng 

anesthesia of the pig, three of four dorsal random flaps 

(18 x 4 cm) were elevated and sutured back in place 
. 

(Fig. 6-3). The unelevated flap was used for control 

sk in blood flow measu r ements • A le ft ven tr icu lar 

catheter and femoral catheter were positioned for sphere 

injection and reference sample withdrawa1. The first 

spheres, Ce14l labelled, were administered approximately 

« cd. • 

• 
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Fig. 6-3 Pig with 3 out of 4 18 x 4 cm flaps e!evated. Str ipes 

on flaps represent cuts to -be made for division of flaps 

into 9 segments, for counting radioactivity • 
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two hours after flap construction and reference sample 

obtained at a rate-of 7.64 cc/min for l minute. The 

drug to be tested was then given and 1 hour later the 

second sphere injection, CrSl labelled, was carried out. 

The third sphere injection, Nb95, was given at the 

dosing interval of the drug being tested, either 8 or 24 

hours. Flaps were excised from the pig after the last! 

·sphere injection and each flap divided into nine 4 x 2 

cm strips. T~e strips were weighed, placed in 

scintillation vials with formalin and counted for 

radioactiviy along with the reference blOpd samples and 

standard sphere ~reparations. Using a Beckman Gamma 

8000, specimens were counted for S minutes in three 

windows (0-200 keV for ceriuml4l, 220-400 keV for 

chromium51 and 400-850 keV for niobium95). The raw 

counts were entered into the computer which was 

programed to adjust for background counts and crossover. 

Flow rates for each str ip of sk in and average flow rates 

for control sk in, flourescent flap and non fluorescent . 

flfSP were calculated for each an imal. 

Ten animaIs were tested, two for each of five drug 

effects: 1) phen?xybenzamine 2 mg/kg IV, 2) placebo P 

0.2cc/kg IV, 3) isoxsupr ine 0.5 mg/kg lM, 4) placebo l 

0.1 CC/kg lM and 5) ph~noxybenzamine 2 mg/kg and 

teserpine 2.5 mg/kg IV. AnimaIs recieving 

phenoxybenz~ine were challenged 30 minutes later with 

------ - ~ --- -- -- ~-~----_. 
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norepinephrine to test for alpha bloékade. 

RESULTS 

AlI animaIs survived the druq treatments although, 

those recieving reserpine ambulated poorly and were 

unable to eat for approximately 2-3 days after the 

second operation. Teehnical difficulties were 

eneountered in administering the intravenous drugs on a 

daily basis and animaIs had to be sedated wih 

th iopenta 1. 

EX PERIMENT 1 

An initial 6-way analysis of var iance showed the 

only -signifieant differenees to be between fluoreseein 

penetration and'survival. The fluorescein penetration 

for aIl flaps was 5.07 ± .77 cm (mean ~ S.D.) and the 

survival was 5.74 + 1.38 cm. The differenee between 

survival and fluor~scein penetration vas not greater for 

~ny one group compared to 'the others.. A 4 ... way analysis 

of variance showed no statistically signifieant 

treatment effect on skin flap sury ival lengths. The 

mean difference in )survival length between untreated and 

treateB sides o~ the animaIs reeeiving both placebo 

drugB vas 0 .. 57 cm. 'l'he differ,ence for animals recieving 
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phenoxybenzamine was 0.34 cm, isoxsupr'ine 0.1 cm and the 

two drugs combined 0.17 cm. There are no significant' 

differences between these differences. An additional 

observation was that variance between flaps within the 

sa" animal was much smaller (S.D. =0.38) than between 

" flaps of different animaIs (S.D. =2. 77). Thus neither 

phenoxybenzamine'- isoxsupr ine & placebo injections 

increase pig skin flap survival length at the doses 

tested. 

EXPERIMENT 2 
Q 

The mean survival of untreated control flaps was 
,. 1 l '1 

6.75 + .72 cm. The mean survival of tre,ated flaps was 
-~ 

7.94 ± 1.15 cm. The difference between these 

approached, but did not reach, significance (t=1.13, 

df=4, p=.OB). The mean fluorescein penetration of the 

, control flaps was 4.98 ± .45 cm and of the flaps to be 

treatêd was 6.24 + .55 cm. The difference between these 

ia significant (t=4.0S-, df a 4, p<.Ol). Reserpine, at the 

dose tested, did not increase flap survival length. 

EXPBRIM~T 3 

In the plac~bo injected animaIs control skin blOOd 

flov was variable at the three tilDe intervala tested 

(Table 6-11). At 8 or 24 hours after injection, flow 
o 

waa higher than 'pre injection and i hour after injection. 
J 
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TABLE 6-11 l, 

.. 

CONTROL SKIN FLU,OItESCENT FLAP NONFLUORESCENT FLAP 
• 

PRE l-POST 2-roST PRE 1-POST 2-POST' PRE l-POST 2-POST \ 
DRUG DRUG DRUG DRUG DRUG DRUG ORUG DRUG DaUG 

PLACEBO l .85 1.27 2.58 .15 .53 .90 0.,0 0.7 .20 

ISOXSUPR1NE .8 .49 1.32 .56 .52 1.10 .01 .08 .20 

1 Cl PLACEBO P 1.46 .97 1.81 .93 1.01 2.87 .05 .09 .22 

\, PHENOXYBEN Z 2.56 1 .. 19 1.81 .95 .86 2.91 .03 .12 .28 

1 

PENO+RESERP '2.12 6.9 3.02 .77 6.6 2.6 
"-
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In the sa .. animaIs, the fluorescen~ ,flap blood flow was .,. 
less than control at 8 hours but more ,than eon'trol at 24 

, f, ~ 

hours. The nonfluorescent flap blood fl~ was initially 
, 

insignificant but by 8 and 24 hours had inereased. 

Reevaluation with fluorescein at 24 hours showed that 

fluorescein perietration had increased.p Bowever, flow 

calculations for fluoreséent and nonfluoreseent portions , , 

of the flap vere basep on 'the initial fluorescein 

evaluation. 

In isoxsuprine and phenoxybenzamin~ treated 

~nimals, no differenees from placebo treated animaIs 

eould bè detêcted in blood flow for control sk~n, 

" ' 'fluorecent flap or IOnfluorescent flap. However, in the --
'" titi ~ 

4 animaIs recieving reserpine, flow 1 hour post drug 

injection was str ikingly ele,vated. This inerease was 

not sustained for .24 hours. '-AnimaIs who vere tested for 

alpha block.ade 30 min after -, phe~oxybenzamine 

administration aIl showed an inerease in blood pressure 

in, re sponse to the IlOr ep inephr i,ne • Ther e appear éd to be 
.J. 

,no alpha blockade effect from the dose of ;.,,~ 

phenoxybenzamine employed. 
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Il 0 

QISCUSSION 
J 

Of the three systemic therapeutic agents tested 

none showed a significant effect on random flap survival 

length in pigs. ~n addition neither ph~xybenzamine or 

isoxsuprine showed a measurablé effect on cutaneous 

blood flow. The effect of reserpine on random flap 

--survival length approached significance and it did 
. 

induce a significant increase in cutaneous blood flow. 

The systemic ana locql injection effects of 
, ~ .. 

phenoxybenzamine have beed studied previously in rats 

and pigs but the drug wâs given both pre- and 

postoperatively. Myers and Cherry (153) found increased 

survival by local injection of rat flaps but not in pig 
J ) 

flaps (148). Wexler (212) also found an increase 

survival with local injection into r,at flaps. Fi'nseth 

"" gave à 2 week pre- a?d l week postoperative 

intraperitoneal cour~e of phenoxybenzamlne to rats and 

found an inçrease in flap survival length t6). 

Unfortunately the control, animals i~ the~e studies did 
-

not receive 2 placebo and thus the effects are difficult 
. 

to inter,pret. Smith et al (189) on' the other hand 
, ' 

administered phenoxybenzamine to rats for 1 week 
~'-

preoperatively and 5 dals postoperatively and found no 

increase dn fl~p survi~ length. 

-~, 

, 
,Phenoxybenzaaine ls a haloalky1amine that inhibits 
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(II 

1 

responses mediated by alpha adrenergic agonists. Its 
. 
peak blockade effect develops about 1 hour after 

administration and disappears with a half life oL 24 

hours. If blood flow to acutely elevated,flaps is being 

kept submaximal by an obligatory discharge of 

'catecholamines from the sûrgically eut sympathetic 
,~ . 

nerves than theoretically b1oek'ade of alpha reeeptors 

will increase flap blood flow. Fallowing adm~nistration 

of phenoxybenzamine to pigs we were unable ta document 

either increased survival lengths or increased blood 

flow. One possibl-e ~xpla~at-ion of th~ latter is that 

the vasodi1ation in~uced by ha10thane anesthesia masked 
1 • 

the drug effect. HoweveT, when qhallenged with 

norepinephrine, the pigs responded with an increase in 

b!ood pressure. This demonstrates an tneffective alpha 
, 

receptor blockade by the dosage of phenoxybenzamine used 

in the present study. It is still possible that skin 

flap survival in pigs can be increased by 

phenoxybenz~mine if effective alpha blockade can be 

achieved by higher doses. 

Isoxsuprine has been used systemically in rats and 

pigs and found effective by one researcher (67) but 

ineffective by others (29, 179). An additional study in 

rats showed beneficial effects from i$oxsuprine when 

hematomas were created under the flaps (91). 

l'soxsupr ine is similar chemically to the sympathomilletic 
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F1ap Treatment 124 

amines and has often been described as a beta adrenergic 

agonist. Bowever, the drug appears to act as a dh:ect 

vascular smooth musc~e relaxant as its effects are not 

inhibited by beta adrenergic receptor blockers (32). 

The pharmacokinetic properties of isoxsupine are poorly 

understood. When used in obstetr ical cases, it ia . 

administered as a continuous intravenous drip and when 

useç orally, it is taken three or four times daily. It 

. is unlfkely that any therapeutïc benefits could be 

obtained by using the drug only once daily. In the 

present study, no increased flap survival and no .. 
increase in flap or control blood flow could be 

measured. In one animal,_ muscle specimens were 'obtained 

close to the site of iSQxsuprine injection. There was a 
. 

measurable increa.se in muscle blood flow at l hour but 

not 8 hours "fo1lowing drug administration. This May 

exp1ain the increase survival seen with failing 

myocuta~eous f1aps (29, 71). We do not fee1 that there 

is' any indication to continue further studies wih 

isoxsuprine. There are m~ny other more suitable direct 

acting vasodilators on the market (eg. hydralazine). 

Reserpine has been administered preoperatively to 

rats to test for its effect on sk in flap sury ival. ''IWo 

studies (10, 40) showed an increase in flap survival 

length and one study (103) showed no effect. In the 

latter study, flow was measured using the microsphere 
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technique. Flow in the flap base was less than control ,. 
flow immediately after drug administration but the same 

as control by 24 hours. Reserpine ie a rauwolfia 
/' 

alkaloid that depletes stores of catecholamines. Its 

effect on depletion is measurable by one hour and 

maximal by 24 hours. The depletion i8 partially 

dependent on nerve activity andcan therefore be reduced 
/J) 

by nerve section. Reserpine causes an initial 

sympathomimetic effect and then a subsequent fall in 

blood pressure with a decrease in peripheral vascular 

resistance. This is usually most marked in the skin and 

€an cause an increase in cutaneous blood flow. In the 

present study, phenoxybenzamine was used in combination 

with reserpine to block the initial sympathomimetic 

effect induced by catecholamine release. The effect o.f 

this drug combination was to cause no increase in flap 

survival but a significant increase in blood flow to 

both the flap and control skin. This increase in blood 

flow occured a1'ong with an increase in blood pressure 

that was noted after reserpine administration. The flow 

induced changes may have been secondary to the increase 

in blood pressure caused by reserpine induced 

catecholamine release, and not secondary to the 

postulated blockade of adrenergic vasoconstricting 

factors. The use of anesthetized animaIs complicates 

the interpretation of drug induced changes in blood 
.. 
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flow. The f1uorescein predicted survival of untreated 

flap was significant1y less than that of the treated 

f1aps. Why this i8 SOr in contrast to experiment 1 

where no difference was noted ls unclear. Seemingly 

both groups of animaIs were subjected to the same 

stress. This difference in fluorescein staining of the 

untreated and treated flaps would tend-to cancel out the 

trend towards significance seen in survival. 

From the presented exper iments i t has become" 

obvious that the design and execution of studies testing 

drug effect on flap 8urvival is more complex than 

• initially realized. The choice of agent to be tested i8 

done on a theoretical basis and the choice of route of 

administration, dose and dosing interval are somewhat 

arbitrary. It i8 imperative that some attempts be made 

to measure serum or tissue drug levels or dru'g induced 

changes in cutaneous blood flow. 

The ideal experimental design as related to timing 

of treatment should be based on the potential clinica1 

applications. We feel strongly that therapeutic 

measures should not be instifu ted in exper imental flaps 

until after flap elevation. The length of time that 

treatment should be continued is still unclear. In 

experimental pig studies collateralvascularization of 
, 

flaps is present by 5-8 days (173), and the benefits of 

s'urgical delay are onset by 5 days (45). It would seem 
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Flap Treatment 127 

clear that trèatment should be maintained for at least 5 

days to maximize its effectiveness. 

When measuring therapeutic effects on skin flap 

survival length what is the best control measure? In 

the present study we have used three types of controls. 

Fluorescein was used as a baseline assessment of the 

flaps blood flow to ensure that aIl groups of flaps were 

starting with equal vascularity. The importance of this 
. 

measure was noted in experiment 2 where the trend 

towards significance was cancelled by the unequal 

fluorescein indices. The second control measure was 

s'Urvival of untreated flaps on the same animal. The 

third control measure was survival of placebo treated 

flaps in a different group of animaIs. In experiment l~ 

there was no significant difference in these two types 

of sury ival control measures. The stress of trea tment 

injections had no effect on flap SurY ival. 

When choosing an experimental animal, we prefer" 

the pig not only because -aÏ its fixed skin but because 

Many flaps can be created on each animal. The variance 

of flap survival lengths between animaIs was' much 

-greater than within an individual anilllalo If each 

animal serve~ as his own control the strength of the 

statimtical argument is greatly increased. Ideally one 

would test several topical therapeutic measures aIl on 

each pig, each undergoing~only one operation. Systemic 
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drug treatments necessitate the use of different pigs 

for each drug thus inducing a greater variance. The 

var iance in studies using rats is so great that larger 

ser ies need to be used tl1an have in the pasto In 

addition, it is of great importance that findings be 

reproducable by other res~rchers. Conclusions are 

often too quickly drawn and the drugs inappropriately 

used in clinica1 cases. 

CRITERIA FOR FUTURE PB~ACOLOGIC STUDIES 

1) Postoperative treatment only 

2) Control flaps on same animal 

3) Baseline fluorescein data 

4) Double blind experimental design 

5) Measurement of drug induced changes in flow 
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SUMMARY 

Pigs with random skin flaps were treated with 

phenoxybenzamine, isoxsuprine or'reserpine. No 

In l' ~nificant increase in flap surv iva1 was detected. 

·..,' .... selected animaIs, cutaneous ~~ood flow was measured 

using the' microsphere technique. Of the drugs tested, 

reserPint.as the on1y o~e to cause a significant 

increa"se n eutaneous b100d flow. Previous clinical 

experime ta! etudies on the treatment of failing sk in 

flaps are reviewed. ,The important criter la for 

designing future pharmacolog ie studies arre discussed. 
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The experimental investigation of skin flap failure 

was undertaken to improve our understanding and 

management of clinical skin flap failures. A new model , 
was developed in a fixed skin animal. The vascular 

supply to skin in pigs is anatomically roore similar to 

man's than loose skin animaIs, such as rats and rabbits. 

The survival patterns of the new pig buttock flap were 

reliable and reproducable. The length of time that skin 

flaps could endure an ischemic insult was tested. Both 

totally ischemic"flaps and distally ischemic flaps were 

able to tolerate an average of thirteen hours of 

-isênèmia. Thus, subsequent experiments were désigned to .. 
evaluate acutely -elev~t~d skin flàps within this initial 

critical thirteen hours. New methods fSta~wound blood 

analysis) of detecting impending skin fla~failure were 

utilized on standard pig buttock flaps. Both hematocrit 

readings and pH values were useful indices in predicting 

which region of the flap had questionable vfability. 

~urther investigations were made into the precise 

patHophysiological events of acute skin flap failure 

using the radioactive microsphere technique. Skin flap 

failure occurred because of a marked decrease in both 

nutrient capillary blood flow and "total skin blood flow. 

Arteriovenous shunt flow within the flap ha~ no 

detrimental effect on survival. Based on these flow 

studies, attempts to salvage the failing flap were made 
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.. 
both anatomically and pharmacologically. Anatomical 

augmentation of arterial flow improved flap survival 

whereas increasing venous drainage had no beneficial 

effect. The pharmacologie treatment'of pigs with 

fa iling °fl~ps w i th systemic phenoxybenz amine, 

isoxsuprine or reserpine vas unsuecessful at increasing 

flap survival. Future attempts to treat flap failure 

pharmacologically should be aimed at inereasing arterial 

inflow, or pro long ing tolerance to ischemia. 
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