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hIicrovasculdr restoration following injury has a h  ,iys heen taken for granted 
as an integrated pro during uoinitl licaling. Consccpcritly, few investiga- 
tions habe I~eeti conducted with tlie c\cel)tion of ‘1 nnniber of classical ex- 
periments on copill,iry proliferation in the rabbit’s ear chainher. Additional 
cxpcriniental work to in\ estigate fiindarnerital 1” in( iples of iasciilar reha- 
bilitat ion wonld not only enlighten our conrrpts of ~ c ~ i i r i d  healing of 
tlic oral inucou5 iiiernhraiic but ,dso 1,roinotc our I\iioMledge about 
developrnent of ( ollater,il hlootl siipply arid  re\ dscularizdtion of autogenoui 
grafts. 

This in\ estigation wa.s, therefore, tlriigiietl l o  examine the process by 
which dividcd drteries arid I e i i i i  repiiri continuity and tlie coricurriitarit 
development of collateral hlood supply within the mucous membranc of 
the hamster check pouch. 

parallels that of w o u n d  
liedling and can he rctracctl for c cnttirie\. L)z~/inn~c~Z du MoncenzL (1741, 
1742) reported, according to Mc3 cr (1852), the firLt experimentd e\ iderice 
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corifirrnetl these fiiitliiigs iii 1757 ant1 iii atltlition o1)servetl that I 

connect eii(I-to-eii(1 in siic.li ii \say tliat arteries aritl veins seek thrir eqiiiva- 
leii~e.  Later iiivestigritioiis 1)y f { z / i / t m  (1835) failccl to distinguish the niccha- 
iiisrri l)y M Iiic:h t lie vessels reriiiited. He l)ostulate(l, liowever, that the cut 
cnds may either al)l)roxli o i i c  aiiother I)y sonit’ attractive forces or recorriiec‘t 
I)y iiieaiis of a tliiril vnscxilar elcinent foriiied wit l i i i i  tlie intcrinediatc coas- 
11 hiin. 

Mcyer (1852) etiil)liasixetl tliat lire-existing vessels \sere the source of pro- 
liferating caI)illuric.s. f ,’lurk aiitl Clark (1935, 1939) defiiiilely esta1)lisIied 
ilint newly foririiiig vessels iii tlie ear of t a lh i  t rhainher, origiiiatetl from 
t l i e  c,apillary s1)roiitiiig of 1)re-existiiig ilar entlotheliiini. 111 atltlition, 
tliese investigators ol)st:rvctl i l i a t  s1w.i ,ssels tlifferentialetl, uilh age, 
into artcrioles iiiicl vciiiilcs to  iiiii)rovc aiitl control hlootl f l o w  ant1 facililate 
cii1)illxy tlrainagv. 0 t h  cii1)illririrs leniaiiirvl or regressed. A1oooi-c. (1936) 
latcr corral)orotc(l I I I ( ~ :  ol)servntions of ca1rillury 1)rolifcmtioii ant1 tliffer- 
c:iitialioii iii tlic r x a r  cliiiiiilw of ( I ~ g s .  

Exptiii(1irig I)revioris iitvt:stigatioiis, (.‘l$f (1965) riii])loyetl ciiieiriic:roscoI,)i 
icc*luiiqiie to follow woi i i id  h l i r i g  in the rii1)l)it’s car chain1)cr. IIe ol)ser\c,cl 
uiitl r e c ~ r c I ~ ( I  1)y nieiiiis of t i i i ic~-l~ii is~~-I~lioIo~rali11y that vascrilar channels 
w-(’re re-rstal)lislietl l.)y n i w i i s  of iriitotic tlivisioii of eristiiig fiuictioriiiig e p -  
tlielial cells ant1 ))rt.iitilizalioii)) of cmtlotlielial cclls of rvgressiiig I,lootl vcsscIs. 
T l i c s c  fiiitlirigs sul)lw-tr(l earlier 01)servatioiis made l)y Al t schu l  (1954(, 
1961), l’oolc~ (1958) nntl Kobc~rt .sor/  c’t trl. (1959) that eiitloilielial cclls do 
i i i i i l t  il)ly. 

(,‘Li,fi’,s (1965) scxtucmt ial o1)scnalioris also clarifietl the controversy re- 
giirtliiig the w:qiiisitioii f a Iiiiri(m hy the 1)roliferating vessels. Earlier 
elrc,tron inicroscoliic: in ligations I)y Cliff (1963, 1965) a i d  T i c n c r  and 
,Ypiro (1962) Iiacl  intlicalrd I l i u t  loc*iilatetl s~~:ic‘es were present Iwtween the 
0~)1)ose(I eiitlotlir~lial crlls of i l i e  c:al)illary s1)routs. It wxs therefore ttieorizecl 
t l i a t  tliese sl);i(.es exi)aii(lctl and coalesced to forin the vascular lurnen. This 

was confirmctl hy  C l i f f ’ s  (1 965) in viiio experiments. 
Rcftwiices to vascrilar regencratioii a r i d  developirig collateral hlootl supply 

in the oral n i i i ~ o ~ r s  iiieiri1)r;iiie followirig vcsscl interruption are limited, 
sitice previous work of this kind has dealt Tvitli major vessels of other struc- 
tiires. llc.ll/nrrri c’t r i d .  (1959) perforinetl one of tlie very few irivestig a t‘ ions on 
inicrovasciilar rrstoratioiis follo~-ing arteriolar occlusion. They utilized the 
aiiastoiriosirig tri-arterial pattern of the rabbit ear and observed that proxi- 
mal obstruction of the central artery led to compensatory functional 
expansion of the two lateral arteries. Ohstruction of tlie central, as well as 



orie of tlie lateral arteries, led to si11)stantial widening of tlie rerriairiing triiiilc 
u-ilh siinultaricoris Ijrogressi-Le enlargenierit of 1)re-eYisting collaterals. They 
suggested lieniotlyrianiic: factors and inatlequate tissue hlootl flow as primary 
factors for the rlevelopmeiit of collaterals. Later 1,nmbel-t ct nl. (1961) oh- 
served tlie evolution of collatcral clianncls follov ing mterial ligation in tlif- 
ferent localizatioiis of tlie rahhit ear. They denionstraietl that tlie ol)strncte(l 
segment of tlie marginal artcry was qirirldy 1)ritIgetl b y  enlnrgiiig arcade:: 
forrned from the junction of siriallcr branclies of tlie major artery. Direct 
entl-to-end conneci ions clevelopul 1)et~wcii tlie arteries witliin 50 days an(l 
concomitantly the temporary collaterals regr 

In a subsequent in v i m  investigation, Lnnzbcl-t c't nl. (1963) stuclicrl, by 
means of microangiograpliic ant1 Iiistologic nictliods, tlie reconnertiori of' 
transected arteries and veins in the distd iliird of 11ie rabhit ear. In  four 
days they observed fine vascular conimuiiications across the line of incision 
and witliin a week some direct connectioiis l ietwcn the distal airtl  proYinia1 
enrls of the c x t  vessels. A(x:or~ling to these investigators the vessels reiiiiitc(1 
hy  either collateral I)athrvays, direct 1)rolifcxution of severetl vasciiliir end::, 
or Imlli. 

The ~-asciila~irre of the oral imicoiis iricinl~rane h a s  yet to 1)c investigated 
to elucidate its rcgcrir~ration c.nl)acitj- following rncrlinnic~al ant1 tlirrni;il 
insults. 

RIATEKI  i r ,  ANLI RIICI'IIOD:: 

T h e  clieeli poiwli of forty-eight a(lu1l. inalc Coltleii Iimiisters ( i t I (~ , socr iw~m 
U I I . I . ( L ~ L I . S )  was selected as the ex1)erimeritnl moclel. lintler light gcneral me:;- 

tliesia (pentol~arliital sorliuni 9 rng/1OO gni 1)ody weight) the animal ~ v a q  

placetl in supinc position on a spc(:iully coiietrwtccl anitnal talile (FoL/ic, 
1969). Tlie cheek p u c l i  was everted ant1 tlicii imrno1)ilixetl in ii rcc.c.litac-l(: 
containing fluid (Fig, I) .  The imnirrsion fluid consiste(1 of pliysiologic salinr 
solntion containing l/Z yo gelatiii antl was ~riaintninrd at 37 :I. 1°C. Tlirct: 
areas of the clieek ~ ~ ~ n c l i  displaying a srndlrr  in antl accoinpuriying arteyy 
%-ere selected. E x h  site was tattooed with car1)oii for future itlentification of 
each vascular complex (Fig. 2a). Cine- antl micro~~liotogra~~liic recordings of 
vascular patterns and directions of' hlootl flow were then  conductctl. 

1 he vital microscopic eqnipment consisted of a Leitz Ortholux niicroscop;c, 
stand with a regular nose 1)iece for conventional objectives arid an Ultropak 
illuminator to  accommodate clipping cone arrangements. Tlie objectives 
eniployed were Leitz Ultropali LOX, 6.5X, 11X with ring contlciisor and 
55X (water) without ring condensor. DipIiing cones were rontiriely uhed wiih 

r ,  



Fig. 1. Thc anc.sthetizetl harnatrr in place on the aniinal talllc w i t h  thc cheek pouch strctctwd 
out anrl imnioliilizctl for iiliscrvation (A).  Thr physi~ilogic saline or the tcst solution is con- 
tinuoi14y circulat<d through thc rcccptarle bia thr  inlrt (10 and the outlet ( C ) .  11 ater immer- 

sion otijrcti\ c (I)) in position for in v i w  cxamination. 

6.5X iitirl 11W ci1)jectiws. Pcrniaiierlt reconls of iriicroscopic olwrvation 
werc ohtained h y  nicaiis of a l'aillnrtl-llolcx €1-16 M-X camera featuring a 
single frame device aiitl riinniiig specds froin 12-64 flis permitting tiinc- 
lulise"-Iiliotogra1,11). as ~vell as slow-iriotion-cillel)liotogra~)hy. To iniiiiiniza 
vihatioris, the caillera was firmly niouiite(1 on the vertic-a1 camera carrier of 
a Lritz Aristophot. staiitl ant1 driven hy an electric, motor. Recordings were 
niatle on I<odali type 7242 El~iaclirorrie EF film. 

To o1)taiii ilircc different corn1)iiiatioiis of injured artt'ries ant1 veins cadi 
vessel sclectctl for ohservat ion was su1)seqiiently severed in one of the three 
following ways: hisrctionirig, longitudiiial sectioning, or licat injury. The 
vascular lesions were 1)crfomied by means of i i i i c ror r ia r i i~~~i l i l~~~rs  iiiitler il 

Zeiss Opcmtiori inic,roscopc at 40X niagriificatiori arid transmitted light. 
Corriplcte bisection of the sul)erfic:ial vessels was accorriplisliecl with a 

modified Uarcl-Parl\er s ca l ld  blade % 15, whereas loiigitudinal seciioriiiip 
was n i d e  xitli a sl'ecially designed glass knife t.o ohtain a reproc1nc:il)le cut 
of 3 rnrn. Thernial injury was induced by placing a lieated tlicririistcr con- 
trolled silverloop (200 & 1°C) iii light contact with the epitlieliiiiri above h e  
vessels for approximately one secoiid. 'l'he extent of the vascular injiiry was 
immediately recorded Ly ciiie~~lioto~iiicroscol,y. 

Vascular healing was oljsrrve(1 and recorded a t  1, 3, 7,  14, 21 arid 28 days. 
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Fig. 2a. Small cein of khe hamiter chceh powh prior to tlms\crse sectioning in f ~ g u r r s  2h 
a n d  2r. 12 X.  

Two animals received at eacli time point, ail in  truveiious injection of carbon 
hlacli* (0.1 in1/100 grri lmly weight) arid Evans I~ lue  T-1824 (0.5 ni1/100 gm 
body wight )  t o  visii;ilim iri travasculur (lainage or exessive perniwhility. 
Subseqiierit in v i m  ohservntions were c:oiitiniictl for 2 hours. 

OB5ERJATIOh5 

Vnaculai Tiaiiwction 

Vasrillar trariaec*tion of the ~erio i i i  mtl  atlj,icwit arterial aessel 1)roduccd 
profuse Lleetling into the siirrountlmg xeolar tiihiie. I Ierriorrlicige ccaietl 
within 10 t o  15 rniiiutes and t l e ~  eloping intr~iliiinin~il throm1)i TZ ere evi(lerit 
in the venous ends oppobite to tlw cut (Fig. 2a and b). The artrriol'ir v 
nsiially contracted iinniediatcly upon injury <ii111,  herefore, contributed little 
to tlie eutr,i\'isatiori of 1Jloocl. Siiniiltaneously with the obliteration of the 
arteriolcir end., the 1)lootl flow re \ e r~ed  its direction in the distal >ascular 
segment. This cliange in hlood propagatiori wcib o h  i oudy  related to the 
altered Iilootl presure differential fo l lo~~ ing  a r i ~ ~ i o l a r  disruption. 'Thr main- 
teri~iire of circulation di$tal to cut prevmted iic lieinia of the tissue. This 
functioning circulation eniph tlie clinical sigiiificnnce of the evterisive 
collateral blood supply ~)rehent in  ilir harn~tcr cheeb poii~1.1 (FolXr, 1969). 

\e~ioii i  veswls did not exhibit iinincdiate cliange iri diameter after surgical 
sectioning because hlood flat? and tlironi1,i formation bept the lumen dis- 
-. ~ 

*Guenther-& algnei Pehkan-A'rrke. H'innober, Germmy (Eatrh ~ C ll,'143la). 



Fig. 2ti. Sei-rn days following transections of the small \?in at sitc a and h in figurr 2a. 12 x . 

teiidetl. ‘ I le  arterial vessels, howevcr, coiitrar~ccl sewriil iriillirrieters 1)cyoricl 
t h e  injured segiricnt (Fig. 3)). Surli vasocorisirit,tiori rontiriued for 18 Iiours 
or mure iiritl ~ i i s  sonictimcs followetl hy (listid, as well as p r o x i i d  artrrial 
clegzenrratiaii. Such vasciilar disirircyyatioii stoplwd at the riearcst unharmed 
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Fig. 3a. Small artery and \ r in  prior to \ascul;ir transection. 12 Y . 

Fig. 31,. \‘;iwdar response immerliatcly fnllowing transection of thc vessels. Nott, the cnn- 
traction of t h r  arterial ends whilc thc vcmnus cntls iirr oc.(~ludrtl with thrombi. 12 x . 

artcriul branch of the injured vessel. ‘L’liis pridiii:eiI a rlircct flow of 1)luorl 
and simultaneuiisly elirninattvl 

Two hours nfter trnnsectionirig, the gap wxs filled \\it11 I)lood, which 
cpicltly organized and fired the Idood vessels in Imsition. In  24 hours the 
blood clot WAS well esial)lishetl. At this time there was no iiitlic:ation of 
vasciilar reconnect ions and severeti vast.ular cnds were still congesled uith 
thrombi and devoid of l)lootl f Jntravenously injected carlion black 
siispt=nsiiciri escaped through the ular ends liroximal, as n-ell as distal, 
to the line of incision clernonstraiing their incomplete ohturntion. Intramural 

iilar dead ends (Fig. 3c). 



Fig. 3r.  Sc*vt:n days following vascular transertion. Artcrial and vrnow vessels rernnin(d diu- 
connectid. Artcrial flow revcrsccl its tlircction in the distal vascular scgrnent while no rliaiigr 
was observed in the vtmous countcrparts. Note the tmlargctl colliiteral vessel (V-V antistornosis). 
12x. 

('iirlmi rlcposits in vrsscls acljuccnt to  lie one injured iiitlic,ate a concomitant 
altcration of their vascular iiit egrit y. Inflamniatiori prescnt hut rrtriark- 
ahly rrio(lcst consitleri~ig tlic, sel)tic rnviroiiment of the chcek 1~0iicli .  

IPapid vasciilar lieding wiis wiially eompletctl within sc~ei i  days (Table I )  
by close adaptntion of the tionul eiicls or the formatioil of a short inter- 

1 
3 
7 

14 
21 
28 

~~ - 

Niinil~er of vesicls still 
tlisconncctetl 

9 

_ _  

0 
2 
1 
0 
0 
0 

16 

0 
4 

1 .i 
0 
0 
0 

0 

~ 

0 
0 
0 
0 
0 
0 

0 

~ 

ilivicletl Vessels Vessels 

art(-rial venoiis artt-rial" vmoiis  arterial 
~. ~~ .- ~- ~ - 

~~ 

19 19 0 ? I  lotal nuni lm of i n j n r d  19 
vessels 

*Not attempted tluv to ttchnical difficulties. 
~ __ _ _  - ~~ ~~~ ~~ -~ ~- ~ 

0 11 



Fig. 4a. 4rtrriolv and wllcr ting \cin prior to transm tion. SO x , 

Fig. 41). Immediately folloninp tfiinscction. Fi looi l  f low continued unintcrriiptcd in  thc prox- 
imal venous scgnicnt while stasis and tIimrtil~o.;is l)lni:ked t he  vascular end-pime distal to 

thc l inc  01' inrision. SO x . 

inetliatc vascular picce M itliiii the 1)lootl clot. 7'he Inmen gradually became 
1)atciit as the intraln~ninal tlironilii hlotl&ig the f IOM of blood Mere dissolved. 
Con(-ornitantly collatc.r,il patliu'iys hat1 tiel elol~ecl to ac~commoc1,ite the flow 
of blood (Fig. 3). The healing t ~ i w d a r  q r n e n t  \+a\ u<ually conitricted and 
had a someuhat irregular outline (Fig. 4c). 

Oiily I'artly injured arterial 1 es-els regaiiietl full continuity arid blood flow 
by the third day (Table 1). Complete tr,insectiorl, liweever, ])re] eiited recon- 
stitution of thc original el (Fig+. 3 ant1 4). 



4.11. 'I'wcnty--('iglit clays following tranwction. Thr artrriole rernaincd diar:onnccleil. l%lood 
wrar reversed in the distal segment due to pr rssurc  ~lifft~rcntials. The venoiib I i i r i i t m  

regained its patenr> and widrnril to alrnost the diarrirtrr of' i h c  original t h .  50 x . 

1s \\ere extremely fragile tluring tlie first 4 to 7 clays ant1 
viiliierahle to tieiiiorrliuge or inaiiiliiilation. hliproxiniately half of t h e  trans- 
ected vcno1is ~essels reiiniietl (Talilc~ 1 ) .  Okhcr vcsscls rc:niaiiietl tlisc:onnec:tetl 
~)r(ilxilrly 1)ccaiisc the tlistance I)ct~.cen the vascular ends iviis too wide to lic 
IxAgetl, or 1,ccaiise siifficicnt collateral cliaiinels tlevelopecl so qniclily that 
a reconnection of ilic original vcssrl 153s unncccssary. 

Direct shunt:: wcrc not always prcscni prior to  veiions injury, hut cie~eloped 
inimcdiatcly ulmn injury m-itl-iin the conirriiuiicating vascular network adjacent 



Fir .  521. Arterial and \('nous v c b h r l s  prior to transection. 50 >: . 

Fig. 5b. One hour after transection. Ohst rve the typ icd  contraction of the smered arterial 
i w l s  while thc vcnnus cnds maintained their ilianietcr. lntravnscular coapolation pre\critcd 

further hrrnorrhage. Note thc pntmti:il collaterals (VC) and (AC). 50 >:. 

to the injury. Tliese prefcrcntial cIimii(~1s c:oritinued to develop (Fig. 5) in 
response to fiiiictional tlerriaiitls ant1 within two wecks at~airieil approxiniately 
tlie same diairictcr as tlie parelit vessel iiiiless the latter regained its continuity 
and blood flow (Fig. 4 3 ) .  The devtS1ol)merit ant1 regression of the collatcral 
pathways were siir1)risingly raj)iil, ant1 reflect rtl clohely the stagnation or 
\-nscular iiril)rovernent respectively, witliiil tlie scctioriecl vessel. 

\iasciilar contours of hcaletl vesscls nr re  never str;liglit hut iisually ciirvrtl 
in different patterns dependent i i j ~ o n  t l i v  kinti of vessel reconnectiorl. Fairly 
straight rhaniiels developetl in veiioiis v having close end-to-end adap- 



I'ig. Sc. l'hret. (lays f o l l o w  in:. t ranst4i in .  Oliservr thr rapid tlrvelopmcnt of collatcrnl vcsacls. 
Venous collnteral (VC) shuri~ing the I)lood across the injtirctl site while arterial collatt-ral (AC) 

rlirrcts the l i lood t o  m1jact:nt artrrial vesst-1. 50 x . 

Fig. .id. Fourteen (lays after surgicd swtioning. The \-enous v 1 regaincd rontinuity I J ~  
the enlargement of a prt:-tmisting collatcml \essrl (V-V-A), while thc artcriole waspernianontly 
disvonncctcd. Nott, thc wiclenetl A - A  iinastorriosis (4-!\-A) Ijetwecn the proximal scgnicnt and 

ailjaccnt a r t i 6 i l r .  50 x . 

talioils (Figs. 2(* iiiitl 4) in coritrast to a coiletl vasciiliir al)I)eorunc~e resulting 
frorri ii new vessel clcvelol)ment witliiii tlie 1)lootl clot (site a i n  Fig. &I) .  Variahle 
curved vascular coriiiections w r e  also see11 in situations siicli as I) where a 
1)re-existirig collateral hranc-h w-as utilized to 1)ritlge tlie cut vessel (Fig. 5) ; 
aiitl 2) where one of tlie two longitudiiially bisected wscular segmcnts re- 
estahlislied thc continuity of tlie irijiiretl vascular vessel (Fig. 6). 



The regeneration of veswls I t w  thari 30 inicrons iii cliuirieter tlitl not 
)riiici1)les clesc-ril)cd ahove. T l i r ~ e  vc 
iilar p l n i  ratlier thaii restoring origin 

not iinconiinoii among t h e  srrialler vehsrls to liave artcrioles lirili 111) with 
Is ant1 tliiis Ly1):iss the cxIdfary rietwork. ltestorations of this 

Is heciiiise wins  always (:on- 
nected to veins and arteries to arteriw. Soinetinies the liealiiig of tlivitlecl 
arterioles T ~ S  charactcrizetl hy proiioiince(1 vasotlilntatioii arid the appearaiice 
of solitary scicc:iilar formations. Tlicac fwtiirw ~)rw;iiletl lteyortcl tlie o1)ser- 
vatioii period of 28 (lays. 

ver elicoiinterccl iii 1argc.r ve 

L o  rig it i d i r i  a1 Scct ion iiig 

t imed vcnoiis vcsbels I i cd r t l  i l i  a11 of tlic experiments 
ary tlironibi w\c're formed after vnsciilar division, both 

within ant1 between the two vasciilar scgrnerits (Fig. 6). Tliese tlirortihi, 
lioc$ever, tlitl riot aeem to prevent secpage c.d hlootl froin the distal to the 
proxiitid vasciilnr seginent. The flow iricreasetl steadily t in t  il vascular healing 
was completed within seven days. IJsually the blood flow favored one of tlie 
longitutlinally divided segments diicli  seeiriecl to contribute to its vascular 
restoration wliile the other segment degenerated. This path of vascular healing 
was characterized hy a ciirveti ;ti)ltemmce (Fig. 6c). Its assorialed blood flow 
was ra1)itlly reptored, generally within 3 clays. Vascular fragility and leakage 
of carhon particles u ere still cyitlent at this time hut regressed gradually 
with the conilpletion of vasciilar healing a h i t  the severit11 clay (Fig. 6c). 
The neT+ly formed vascular bridge was narrower than its parent vessel l ~ u t  
demonstrated siirprisingly little change in v 1 diortieter or shape during 
the subsequent three weeks. 

Heat Injury 

Heat injiiry of tlie chceli 1)oucli produced an irniriediate blancliiiig of the 
tissue (Fig. 7.). Venous arid arterial vasciilar segments opposite to the in- 
jury de\.eloped n cone-like configuration and contained intraluminal tliromhi 
(Fig. 73). After a delay of 12 hours, lrleetling appeared and a distinct blood 
clot was then formed in the heat injured area (Fig. 7b). The vessels were 
very fragile and carbon particles readily escaped into the perivascular space. 
I n  three days only one injured vessel had reconnected (Table I) and blood 
flow ccnriniericed across the injiired area (Fig. 7b). In  some experiments it 
seenietl that  newly formed vessels emerged directly from the tip of the 



C. 



RL\ASCCLAlIIZATlOI\I I N  'HIE ORAL h l L  COIJS MEhlHK4NE 799 

Fig. 721. .Accompanying artrry antl vein injurid Iiy mild heat. In addition to tissue l)l;inchiiig, 
the severed venom and arterial scpiicnts wert- found to react similarly Kith cone-shapcd 
constrictions anti intriit ascular cnsgu1;ition. Oliscrve thc location of the proximal venous enti 

(Iilack i irrow). 

Fig. 71). Threc (lays after injury the vcssels w i w  still fragilc and clc~rriiinstrated hemorrhage 
antl extrav;isation of rarhon particlcs. Thc distal v i w o u s  st.girient proiifrratcd in the tlircctiori 
of IJlnnd flow and re-estatilishi~il vascular i:iinlinuity and Iiiininal patcnc>-. The proximal 
segment remained stationary. Notr  thc sat:-likc (lilatation of' the arteriole in thc area of' injury 

and the peripheral vasoconstrirtion of tht: vcssel (arrnas). 

Fig. 6a. Cnllccting vr%in of the hairister chwk pi iurh prior tai longitudinal I)cscctioning along 
the indicatcd (solid) whit<! line. 

Fig. 6b. Onc hour following injury, thr  gap lictw-cn the  vascular segments was fillccl with 
coagulated blood. The 1)isected vascular segments hridged the uninjurcd proximal antl distal 

vascular scgmcnts and farilitatetl vascular regeneration. 
Fig. 6c. Seven days following injury. The right bisected segment was utilized as the corc of 
vascular regeneration. Note the curved configuration of the reconstituted vcssel and the 

dcgeneration and disappearance of the lcft segment. 



iiijiiretl segment, while in o ~ l i t ~  instanws ii wide, direct 1)ridging p i t l i m y  
formed irriinetliately at tlie point of yeiioiis iiitcrrii1)tion. ‘Ylie regenerating 
arteriolar scgrriciit TWS grcatly distrn(lrc1 i n  a sac-like configuratioii within 
tlie area of Ilieririul injury. Jleyontl the tlaniagcrl site, however, tlie arteriolar 

.el tlisplayxtl market1 constriction (1;ig. 7g). Carl)oii dcpositioii within t he  
red vessel walls aiitl estravasntiori iiito siirrountlirig tissiie were still 

111  6 t o  14 days the 11lootl clot (1iwI)~)ctircd ant1 most. vessels regained llieir 
iilar pattern rcinainecl tlie 
tltlition to soilif: niodifirti- 

~iromiiient h i i  I t1cc:re;rsetl grx1 iially witli tiiat iirat ion of the vessels. 

continuity (Tti1)le I). Once e5tul)lislietl the 
saiiie tlirouglioiit Ilie experiiiie1it;il iiitcwxl. 

iilar aiiatoiriy, the niost conspicuoiis cvi t le 

iiijiiry w ~ s  tlic ol~vioiis rrclirctioii iii tliamettxr of tlie veiioiis 

inntely 50 10 75 y:) of h e i r  original b$idtli. N o  olwioiis scar formation occurred 
in tlie cliceli poi i (~1 i  aiitl the I~iirncd site roultl oiily by detected by comparing 
t l ic :  rasculatiire Irefore aiid after lieat iiijiiry. 

DISCUSSION 

r l  l h r  most striking observation of tlie present investigation was tlie alility 
ni i t l  slicetl I)y w-liicali the rnajority of injiiretl ve reconiiectctl aritl Iiealed. 
It M ~ S  antic,il)iite(l that factors such as oral bacteria, food tlehris and coritinuous 
iriorciiieiit of the liairister cheek poiirli w-oulcl prolong wounil liealing ant1 
interfere particularly with vascular restoration. However, vt 
r emar ld ly  fast in this rniicous niriril)rarie especially 
o1)servations of similar studies in the ral~hit  ear (Lanzbert rt al., 1963). 

1 lie progiiosis of complete vascular liealirig tlifferetl with the insult arid 
the type of vesscl involved. Trarisectiiig veiii~iis vessels within t he  cheek pouch 
tlitl not always result in reconiiectioris (‘Tahlc I). It was, therefore, tlifficiilt 
t o  predict the outcorrie of this liind of vascular injury. Altlioiiglr various 
factors s u c h  as blood clot formation, graiiiilation tissiie, col1;iteral chanuels, 
Iiririoclyiiarnic forces, and the distance of el separation infliicnccd vas- 
cular regeneration, it was 11 i e  prime concern of tlie present investigation 
to assess their intlivitlual e . Nevertheless, the estal)lislirrient and tliffer- 
entiation of the blood clot iiito graniilation tissue w;is fotind to  he a prere- 
(pisite to produce adaptation of the T;asciil;ir eiids. The continuous ohscrva- 
tions of tlie lieat-injiired venous vesscls supported this hypothesis as no 
vascular proliferation was evident until the hlootl clot ~ v a s  deirionstrablc 
(Fig. 7). 

At the time the blood clot wus estal,lishecl, the thrombotic verioiis ends 
displayed ra ik l  fibrinolytic activity. Sirnultaneous vasciilar proliferation of 

( 1  
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the end pieces occurred, producing a hroad pathway bridging the interrupted 
vessel. Whether or iiot the inception of this constructive pro 
with iriflaniniatory reactions (Clark & CZa,-k, 1939), hemodynainic forces 
(T /107nU,  1873 ; (,'Lark, 1918), or was  just related to the perivascular blood 
clot (Chalkley et al., 194'6), can only he speculated upon at this time. Previous 
work by Bellman et ul. (1959) had indicated that the reunion of arteries 
w~as accomplished by  gradual enlargemerit of either pre-existing or newly 
fornietl minute vessels. According to the sanie investigators the latter vessels 
are induced by the inflammatory response accoinpanying wound healing. 
Lambert et uZ. (1963) supported the theory of microvessels forming the inter- 
connecting link and presented evidence that several channels liritlged the 
artcrial ends across the line of iiicision. Present observations are only in 
partial agrcernent with thcir finclings hecause the cornparatively smaller 
venous vessels of tlie hamster cheek pouch reunited with the development 
of only one channel. This intermedinl.e vascular segment was esta1)lished 
williin the blood clot antl not derived from Ire-existing vessels unless a 
typical collateral pattern circumventctl the line of incision. Based on observa- 
tions of arterial vascular healing i n  the ra lh i t  ear (Bellman et ud., 1959 antl 
12arnbert et al., 1963) and venous restoration in the hanipter cheek pouch, 
it is qii~stional)le wliether the rliscrepancins reported are related to different 
microvascular anatomy of each intliviclual structiire or whether it is a matter 
of vessel s;l)ecificity or size. Present linowlerlge indicates that tlicse factors 
are definitely integrated. 

The impact of liemotlynarnic forces seemed beneficial in creating vascular 
patency by  tlissolying and/or detacl~ing intralurriitial conglomcrations. This 
ohservation tends to support 1)revious assumptions made by Thoma (1873), 
Clark (1918) aiid Lunzbert ~t u.Z. (1963). Whether endothelial cells proliferated 
into the blood clot as a solid cord (Rillroth, 1856; CZff, 1963) prior to tlie 
establislimerit of the vascular liiineri cannot be determined without ultra- 
structural docuincntation. However, tlie rapid formation of a relatively 
large 1)ritlging chaiinel between the severed vascular ends, suggest a possi- 
hility of an initially temporary vessel wall formed hy a condensation of 
connective tissue cells. The endotlielial lining of the lunien could then pos- 
sibly he a secondary event either through ingrom-th of endothelial cells or 
their differentiation from mesencliymal precursor cells. 

Increasing the dist.ance between the ciit vascular ends niinimizes the likeli- 
hood of vascular reunion and promotes thc hlishnient of a collateral 
pathway. In either case, it is obvious that the blood flow has a direct effect 
upon the vessel per se by widening the liimeri and stiiniilating the vessel 
wall to differentiate and become morphologicalIy similar to tlic vessel it joins. 

5 
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This pattern of vasciilar ticaliiig was sel(1oni pur:illeled by  tlie trariscctetl 
arterioles. Thcir low incidence of reconnection (TaLlc I) could he ascri1)ed 
to several factors. The ininietliate cwnstriction of tlie arterioles upon irijiiry 
was a n  effectire itieans of retlucing excessive I h o d  loss, hut this diiiiiriialicd 

for a vascular rccoiiiiec.tioii. I’roxiinal ant1 distal retractioii of 
ihe arterial ends widened the gap more so than that of the accompanying 
trniisected venous vessc.1 which prcclutletl arteriolar reconnection in all 
complete transcction e.cl)rrimerits (Figs. 3 and 4). All arterial vessels distal 
to the line of traiiscction cliiickly reversed tlieir 1)lootl flow, providing an 
adtlitional source of 1)lootl to the injured area. This nieclianisin might he 
relevant to the process of wound healing. In any case, it substantiated the 
existence arid importance of the arterial i:onriec:tiiig iietwork in the l-ianister 
cheek poii(:h (Folk<,, 1960) as well as the effect of liemotlynamic pressure 
differciitials. 

The three cases of arteriolar reiitiioii o1)served (Ta1)le I) were most lilcely 
due 10 incoriq,lete triirisec:tioii. ‘This csihiatiori  was, at first, difficult to 
sn1)stantiate but it hecaine evi(1eiit froin sii1)seqaent stidies of lieat injured 
and longitudinally stxtioiietl vessels that. any rt:riiairiiiig coiitinuity enliariced 
and secured vascular re-e~tal~lisliirieiit . 

The conclusion that vessel contingenc:y folloiving vascular injury proniotes 
rascular restoration, is suhstariiiated lby the results of lorigitudinol sectioning. 
Each vein insulted in iliis mariner healetl rapidly. This healing was usually 
faster than tliat following other vascular injiiries whether the vessel healed 
restitutio ad intcgriirr~ or wlic~tlier it restored one of the bisected vascular 
segments (Fig. 6). 11. was evident tliat the longitudinal cut was less traumatic 
t o  the vessel in view of post-surgical vasciilar regeneration. 

Following tlic selected heat injury, arteriolar vessels iisiially retained some 
viable connections. Alilroiigli constricted at first, these vessels regained tlieir 
luirieri in a sausage-like vasoclilatetl fashion. Tliis configuration tlevelopecl 
wlieri the expantled ends abruptly joirictl constricted arterioles (Fig. 7b). 
This characteristic vascular abnormality remained tliroiighoirt the esperi- 
inerital interval of four weeks and distinctly indicated the site of prior vas- 
cular injury. The caiise of this vascular dilatation remains unexplained, but 
it is realistic to assiinie that the applied heat niay have dairiagecl the contractile 
tissue uithiii the vessel wall or tlistur1)erl the innervation of tlie vascular 
srriootli muscles. 

€lent insult also manifested instant constriction of verious vessels arid 
tcrniinal coagulation of vascular erids facing the affected area (Fig. 7a). 
During healing i t  was intriguing to see that the distal vascular end proliferated 
in the direction of blood flow whereas the proximal venous end remained 
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stationary. ‘lhis oliservation supports tlie hypotliesis that intraluininal hlootl 
pressure inflnences v:~s(:nlar proliferation. 

Restoration of the heat-injured venous vessels closely paralleled tlie results 
of trarisection (Tahle I) ant1 was eqiially unpredictable. Although the insult 
was followed by a prolongetl stasis and isclieniia, the vasciilar ends did not 
lose their capacity to proliferate at tlie time blootl clot formation was finally 
estahlishetl. Actually, vessel regencration seemed to be accelerated wlieri 
considering the amount of rev~iscultirizalioii accoinl,lislietl within sewn days. 

From these various experiiricnts one cannot form any conclusion as to 
the nature of the stiniuliis evoking this vascular growth, Init previous in- 
vestigations 011 retinal re cnlarization have suggested that endothelial cell 
proliferation is directly tetl to the prrsence of oxygen. This has been 
pro1)osed l)y Ashton (1961) wlio considers the presence of living tissue, low 
oxygen tension and poor venous tlrainuge to be the governing factors for 
vessel growth. Sinre 1-ascular repair antl connective tissue Iirolifnratioii have 
been associated with increasing levels of histamine as w l l  (Boyd JI. ,Smith, 
1959), it is conceival)l(: that tlie same comelit is np1)licablc to the cheek 
poi~ch. Altliough the role of histamine in w o u n d  Iiealirig is still unclcar, the 

ins relevant enough to pursue in adtlitio~inl studies. 
The healing of the cheek 1~011~11 Iiaralleled revascularizatiori of the inajor 

vessels and was completed within 8 t o  10 (lays. This ohscrvation coincided 
with previous reports by Slir~lma71 et al. (1954). Their ohservation that tlie 
burned site was undetectahle coul(1 not lie supported in this study since 
the vasoconstriction antl niodifietl vasciilar pattern characterized the area of 
previous injury. 

Fragility a r i d  irnrnaturity of licalirig vessels were denionstrated with car- 
bon hlacli suspensions. Evans blue, on tlie otlirr Iianil, permeated too dif- 
fusely to resolve discrete hrealis in the vasciilar wall. Extravasation of eryth- 
rocytes ant1 carbon particles inevitable during the first few days of 
healing, particularly if light preswre was exertncl upon the vessel. This 
oliservat ion is not remarlcahle since recently formed or forming vessels are 
known to be fragile (Sandison, 1928; Clad CE Clark, 1939; Ebert et al., 
1939; Cliff, 1963) It is interesting, liowever, that heatinjiired vessels, in 
conl.rast to those mechanically clamagetl, are fragile mil  susceptible to he- 
morrhage and extravasatioii of carhon particles over a longer period of timv. 

With vascular restoration carbon particles were gradually trapped within 
the vessel wall, indicating a leakage of plasma rather than whole blood. This 
subsided within 7 to 10 days, indicative of the rapid reconstitution of vessel 
wall integrity. Schocfl (1963) reported siniilar data based on ultrastrnc- 
tural examinations of proliferating capillaries in the cremaster muscle, that 
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the constant motion of the entlothelial cells was rnuinly responsible for the 
extravascular escape of carbon pirti(:les. 

The a1)ove 1iyl~)tlicsis iriay also esl)lain l l i e  vascular c;irl)on labeling of 
the cleve1ol)iiig collottwl veiious c,honnels. Tliis carbon deposition was of 
tlie intramural variety d i ic l i  Cotmri (1967) considers to he the resiilt of 
niiltl heat or rascular iimliutors such as histornine ancl serotonin. hltliough 
it is quite conc:eivahle that many vessels w-ere influenced by permeability 
incre;ising factors tluririg thc acute stages of vascular healing, it is tlifficdt 
to apply this explanation to  t1evclol)ing rollatera1 channels. The reason is 
that they denionstratecl vusciilar labeling over a longer period of time tha11 
the ac1jac:ent venous vessels. The author cmiseqiiently believes tliat the in- 
creasing flow in the collateral channels iiicliices, concomitantly with the 
luiniiial witleiiiiig, a migration arid proliferation of cndothelial cells which 
results in minicroiis true intrrentlotlielial ga1)s. 

Col la tcd  pathways are frccluently esta1)lislietl in  viisciilar injuries to pro- 
vide a coiitiniioiis flon of l)l(io(! in certaiu organs and tissues. The vasculature 
of the cheek poudi is w ell suite(I for s i i r h  functional retlistrihiitions of l i l (~(~t l  

111 alruntlance of c.oiriiriunicatii~g venous and arterial vessels 
(FolX-e, 1969). Consitlcririg that collateral channels are proposed to develop 
froni either pre-existing or from newly forine(1 vessels, tlie  r resent investi- 
gation su~)ports tlie former concept. The crilargenierit of the lumen of the 
1°C-existing vessels seemed to I)(; tlirectly related to licinodyiianiic forces 
which lias also heel1 sul iritiatc(1 in the rahhit ear (/,c~nabert et d., 196:3). 

Sincc hlootl was rcclianiieletl in a varirl y of ways upon vnnot~s Iransectiori, 
it is unclear wIiicIi factors deter~riirie tlic sclcotion of certain bridging col- 
lateral cliannels. Uiiless ;i direct Iool) was av-ailahle to accomrnorlate hlootl 
flow around the line of incision, 1)lootl iisiially f~Illo\ved a inorc elaborate 
course via intrrconnecting vctious side 1)ranches hefore cntcring the 1)roxiiiial 
vascular segment. Sometimes hlood was sliunttxl tlirectly in1.o anoilier (101- 

lecting vein (Fig. 3 ) .  The anatoniical siructiire facilitates suc:li a reclistribii- 
tion of blood, but the lueferrctl pathway in each given state ivas presiurialdy 
the one offering tlie least resisiunce to flow. As iriore fiinctionally convenient 
collaterals tlcvelo1wd it a p p r t v l  that tlie flow of 1)lootl gradually favored 
these channels. This was dramatically eueinplifiecl wlini i  the original vessel 
regained its continuity ancl the colluterd coriiiection hegan to regress. The 
same heliavior a i i t l  teiripor:iry function has also heen desc~ i l~ed  for collaI.era1 
vessels in the rillhit car (Lunzber-t ~t ul., 1961). 

Transected arterioles in coritra(1istirictioii to venous vessels, neither re- 
united end-to-end nor tlewlopatl a sihstantial collateral blood supply. Never- 
theless tlie blood flow continued apl’arently undisturlml and it is possilile 



HE\ ASCULAKIZATION IN THE ORAI.  MbCOLTS MEMBRANE 805 

that blood is propagated so easily into thc capillary network that there is 
no need for a re-esta2,lishrrienl. of tlre sinaller arterioles. Although larger 
distributing arteries do reconnect (Bcllniuir, et ul., 1959; Lainbct-t et nl., 
1961 ; I,ambc>t-t ct a,Z., 1963), tlie reunion is accornplished through collatcral 
vessels rather than a newly forrnetl intermediate segment. This discrepancy 
has yet to  I K  clucitlatcd. 

Although arteries antl veins in the cheek pouch lire closely associated antl 
parallel, arierio-venous connections vere never established during vascular 
healing of tlie trarisec~ted vwscls. Lnnzbwt ct nl. (1963) made similar observa- 
tions in thc rahhit ear. This c-orifirmetl previous clinical experiences that 
arteriolar vessels do not join venous vessels or vice versa during woimcl 
Iiealing. However, this concel)i did not always apply to  the microvessels since 

ioning of snialler arteriolar antl veriular vessels (<20,r<) sometimes led 
to direct arterio-verioiis connections. 

Clinical implications of the present investigation are 1)articiilarly significant 
for surgicd iiiterventions of the or;d mucous ineni1)raiie. ‘I‘hiie, it is reason- 
aide to kiiggest that the vessels ~lioiiltl sustain as  little trauma a s  possible 
diiring surgical procedures. Applying this principle would mean that all 
surgical incisions :hould lie niatle parallel and riot perpcnclicular to the long 
axis of the major vessels wheriei-er pi ihle. This would decrease t he number 
of accidentally iransecied v c r d s  and promote the Ixognosis for ra1)itl vas- 
cular re-establishment. It is, thtvfore,  suggcstcd that microvascular anatorny 
heconie m e  of the criteria in the design of surgical incisions ~ ind  flaps. 

Prolonged and irnprc(1ictal)le healing of the vasculaiiire following lieat 
injiiry contraintlicates the routiiie u ~ e  of t.lectrosnrgical tecliniclues in the 
oral cavity. Un1e.s there are spe(:ial indications, the latter application should 
he avoided in favor of sharp surgical incisions. 

SUMMARY 

\ enous and arterial vascular licaling investigated iii 130th cheek poiiches 
of forty-eight (;olden hamsters following transectioir, longitiitlinal sectiori- 
irig and heat injury. Cincmicro~~liotopra~~l~ic: recordings were performed at 
1, 3, 7 ,  14, 21 arid 28 (lays 1.0 tlocn~nent vasmlar reconnection, reconstitution 
ant1 siibsequent direction of hl(io11 flou. Iritravenoiis injections of a carhon 
black suspension and Evans blue were imlertalien at tlir same time points 
to 1-isualize, in vizm, the fragility a r i d  perineahility of the l i tding vessels. 
The following observations were inadc : 

I )  Following any of tlie three inclucetl vasciilar insults thrornhosis plays a 
major part in ohliterating the terminal segrncnts of t h e  veins w-hile vascular 
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contraction was rcspoiisi1)le for constricting the severctl ends of the arterioles. 
2) The veiioiis vessel pro~iriial or tlistal t o  the vascular interference did 

riot denionstrate any climge in diameter while arteriolar constriction was 
c:viderit for revcral milliirietcrs froin tlie irijurccl end. Vasoconstriction pre- 
vailed u p  to 18 lioiirs. 

3) Two hours after transverse or loiigituclinal sectioning the gap was 
fillet1 J+itli cwagiilated blootl, which  fixed the vessels in i~isition. Vessel  

fragility and perineabilil y were pronounced diiring the first three days of 
Iiealiiig. Mecliiiriical insults such ;is gentle pressure or stretching resulted, 
t l~crefore, in r c ~ i ~ ~ v e t l  liririorrlinge. 

4) Most of the iiijiired vencnis ends tliat reconnected regained their patericy 
mt l  flow i r i  3 to 7 days. The longitiitlinnlly tioned venous vesscls healed 
gerierally fastcr thaii the otlipr IWO intlncetl v ilar injuries and the tlarnaged 
vascular triuilc was restored i i i  all instances. Ilowever, the prognosis of vas- 
mlar regetieratioti was iinpreclictable following transection and lieat injury. 

5) In transections, where tlie dinsterna hetween tlie vasciilar ends Ixcarne 
too wide, col lateral  ptliways were pcrinaiirnt ly utilized. Unless I clirect 
anustornosing loop was alrratly in existence prior to venoiis iiijury, sniall 
corrimuriicating vessels quiclily enlarged and creatcd a I~rc~ferenIial channel 
to bridge the sevt:re(l v ulor section. The ciilargenieiit of collaterals w a s  
ral)itl and I)resunid)ly controlled hy 1)liysicd forces. Depending upon I lie 
reconstitution of tlie injured vessel tlie collatcrals wntltl ritlier reiriaiii tlie 
saiiic or gradiially tlecrease in  size. 

6) In none of tlie 36 experiniciits co~iductrtl (lid a trail 
vessel connect to an a(1jaceiit vtitious vcssrl. 

7) Innnediatcly following lieat injury tlie tissue becarlie ischemic. Tlirom- 
bosis and some \asocoiistrictioii of tlie ve~ioiis vesscls were noticed while 
tlie nrtcriolar contraction was 1)rononricrd. Twelvc hoiirs following the vas- 
ciilar insult, the injiiretl area was Eiiglily T ciilar m i l  hletl casily. J7ascular 
continuity nntl 1,lootl flow were restore(1 iii 5 to  14 days. 

I< l is c hl L 

REVASCLL4t{ISkTION DANS 1.h MUQUEUbE EUCCALE APKBS TkSION 

M I  C It OVASC U LA1 RE 

La r6paratioii wsculaire wineuse et arterielle a P t P  6tutlii.e h i s  les tleux 
ahajoues tle 48 liarnstcrs t1ori.s a i d s  coqnirc transveraale, c o u p r e  longi- 
tiidinale et ICsion par I~riilure. Ues enregistrements ciiii.i~iicroi)hotographic[ues 
orit 6th fiiits nu Lout de 1. 3. 7. 14, 21 et 28 joiirs pour inontrer le rCtahlissc- 
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nient des corinexit~ris vasculaires, et la reconstitution et la direction prise 
ensiiite par la circulation tlii sang. Des irijections intra-veineuses de noir de 
carhone en suspension et de bleu tl’Evaiis orit CtC ~)riitiqiiCes B ces m&nies 
moments p i i r  mettre en lumikre in  oivo la fragilitk ct la perniCd~ilitb des 
vaisseaux en roie de giierison. Leu ohservations suivantes ori t  C t C  faites : 

1) Q L ~  que filt le type de la lesion vasculaire pro(luite, la thrombose 
jonait tin r6le capital en oblit6rant les segments tcrniinaux des ueines, tandis 
qu’urie contraction vasculaire Ptait respnsa1)k  rle la constriction cles extre- 
niitks l6sCes cles artbrioles. 

2) Ancun cliangenient du tliain6tre vasculaire veinem, iii dn  c6tC proximal, 
ni du cat6 distal de la lesion vasculaire, n’a Ct t t  olmrvC, tan& que la constric- 
tion des arterioles apparaissait netterrierit j ~ s ( p i ’  h plusienrs niilliini~tres de 
l’extrhit i :  IbsCe. La vaso-cori~trictiori Ilersistait juscp’h 18 heiires. 

3)  Deiix lieures aprks la coupure transversale ou longitudiriale, l’interstice 
Ctait renipli de sang cwagulb, ( p i  riiaiiiteiiait les vaisseaur en position. 11 
existait m e  fragiliti. et m e  IierniPal)ilitt! vasculaire prorioncPes pentiant les 
trois premiers jours de la pPriode de gcikrisnri. C’est poiirquoi rles insultes 
nibcaniques telles qii’tine leghe  pression ou tlistensiori provoquaieiit une 
rcprise de l’hbmorragie. 

4) Daris la plupirt des extr6mitks veineiises Iks6es doiit la connexion 
se refaisait, le passage et la circulation Ctaient rCtablis en 3 h 7 jours. La 
gubrison veinense aprPs c o u p r e  longitutlinale sc faisait en gAn6ral plus 
rapidenieiit (pie celle tles dcux aiitres types cle li-sions vasculaires, et, clans 
tous les cas, la recoilstit iitioii c i u  tronc vasculaire li-sb avait lieu. Cependant, 
il Ctait inipossible cle prCvoir le pronostic de la r6gCnCration vasciilaire aprbs 

5) Uans les coupires trarisrersales, lorscpe les interstices entre lcs extrk- 
riiitbs vasciilaires devenaient trop larges, cles voies collati.rales Ctaient clhfini- 
tivemerit utilisbes. A nioiris qu’il n’y ait t lG jh  Line boiicle cl’anastornose 
directe avant la lesion veineiise, de pctits vaisseaux cornmuniquant s’agran- 
dissaient rapitlernerit et forninieiit  in canal prCfireritie1 reliant les extrCmitCs 
vasculaires IPsCes par conpure. L’~lgraiit1isseinerit cles branches collatbrales 
se faisait rapitlenient et btait. i)rohal)lerrierit soiis la clCpen(1arice de  forces 
physiques. Suivant la reconstitution du vaisseaii 16~6, les collaterales persiste- 
ront inchangkes 011 dirninueroiit tle grantlcur. 

6) Dans aiiciiiie des 36 cxpkriences faitcs, tin vaisseau artbriel ayant subi 
une coupwe tranwersalc ne s’cst reli6 i 1111 vaisseau veirieux adjacent. 

7) IirirriCtliateriient aprPs les 16sioris par l)rfiliires, les tissus cleveriaicnt 
ischCrniques. Daiis les vaisseaiix veiriciir, on riotaient des thronihoses et 
une certuitie T.aso-constrictiori, taridis quc‘ la contrac~tion tles artCriolcs 

rsale et ldsion par la chalenr. 



&it iriarqLiCe. Ih i ize  lieiires a1)ri.s la lision vasciilaire, la zoiie li.sCe itnit 
forteinent vascularisbe et saigiiait facilemeiit. La continuit6 vasciilaire ct la 
circulation dii sang Ctaieiit r&il)lit~s rri S 14 joiirs. 

AMklENFASSUNG 

RET~ASKI:I. .4~ISI~l{LlNC: DER \II~NDSCIIl .EIRIII.41~‘~ N k C I I  h ~ I I ~ R O T ~ i l S l i U L ~ ~ i R E N  

\’EHI.ETZCiYC,EN 

Die Hrilurig x-ori 1,leiiieii \.‘t~iic~ii unrl  Artrrirri w i r d e  a r  
tasclieii voii 48 ~~oltllimnsterri irritcwiicht, naclitleni l’rai 
selctioneti iiritl Hitzcverletziingcri tliirc.ligc4ilirl w o r t h  wareri. Cinemicro- 
~~hotogra~~l i i sche  Aiif~eic:liiiiirigeti wiirdeii r iu t .11  1, 3, 7, 14, 21 uiitl 28 Tageri 
vorgeiiomincii, 111x1 (lie vaskiiliirr Vl’ietlcrvereiiiigiiiig sohie (lie Wietlerher- 
stellung iiiitl Kivliliirig tles I3lutstroiiies Z L I  tlol<~iniriiticreri. Zii tlensrlbeii 
Zritpiiriliten wiirdeii iiitrareiiiisr Irijrktiorieri iriit eiiicr liolilsclirvarzen Siis- 
pension (Satz C14’31, I’eliltan Werlie, Haiiriovpr) sowie rriit Evaris blue Tor- 
geiiomiitm uiii i~ viz~o (lie Fragilitiit u r i t I  1’eririeaI)ilitiit tler Gcfiisse im Sta- 
eli irrri  cler Hcilung siclttlmr zii riiaclien. Ilierltei wurden folgeiidt: T3eohnrli- 
tuiigeii gcmaclit : 

1. Riiscliliessnitl iiri jede tlcr tlrei vcriir~adii tvi  vasliiiliiren Verlctzuiigrrt 
spielt dic Trorrilmse die Haiil)trollr I ) c i  tlerii \’er~chliiss tler Entlstiicke tler 
Venen, ~viihreiid die vaskiillire Koritraki ioii fiir cleii I’cr~rliliiss tler verletzten 
Enden clrr Arterieii verantwortlicli war. 

2. Uas veriiise Gcfiiss, proxiriial o d t ~  tlisliil voii der vaskiiltireri Verletzutig 
zrigte kcinen Wcchsel irii Uiirrhiriesscr tlcs Cef cs, w~ilireritl riri Zusairi- 
nienzielien dcr Rrterioleri, iiickirere rriiii vori tle erlctzteii Elide entfcriit, 
festgestellt wurdc,. Die \-ast)l\c)iistrilitioii lrielt 18 St~uicleii laiig an. 

3.  Zwei Stiiliden 11ac.11 tlcn trarisrersalrn otler Ioiigit~itlinaleri Schnitteii 
war der Zwisclirnrauiri iiiit ciiieiri Hii t  lcoitgiiliiiri gcfiillt, welthes (lie Gefiisse 
in ilirer Lage fixivrte. Dic Iragilitiit 1111d l’rr~ntdti l i t~it  tler Grf 
verstlrlct wiiliretid dcri erstrri tlrei Tiigeri dcr Heiliirig. Mec*liaiiisc*lie Trau- 
nirri u-ie 1cichtc.r Urucli otler Strcc~lwi rcsiiltirrta tlalier in einer erncuten 
Bliitiing. 

4. Die iiieisteii drr verlrtztcii Entlcii tler L eiien clie sic11 wiedervereiiiigteii 
gewiiiiiien ilire L)urcligiitigigkeit i i 1 1 t l  ilireri Uurclifliiss iii 3 -7 Tagrn wieder. 
Die langstliirchtrcrintnri vet1 e licilteri iiri Allgeineineri scliiieller 
als hei tleii antleren zw-ci vrr skiiliiren \‘erlelzurigeii mid tler be- 

tarnni wur t lc  in alleii E’iillcii wietlerhergestellt. Die Prognosis 
fiir (lie vn~lculiirc I-kgriirratiori ~iac*Ii tler Transsektions- i i r i t l  Hitzevcrletzung 
dagegen, war nidi t voraiisziiselieii. 
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5. In 'l'ranssektionen, in welclien dcr Zwischenruurn zwischen den Gefiis- 
seiideii zii weit wyurcle, Nurtten kollaterale Scitenwege pcrmanent benutzt. 
Weriri niclit eiiie direlite Ariastoiiiosesc:lilinge liercits vor tler Verlctziing der 
Venc existiertc, so vergrnsserte sicli die \ier~,indmigsgef~sse selir rascli urid 
hiltleten eiiieii 1)evorzugtt.n ICunal, 11111 den verlet 
1)riiclieii. Die \: ergrnssermig cler liollateralen (;e 
mutlich (lurch physischc Einwirliungcii lioritrolliert. Ja 
Iieerstelliuig der verletztcn (kftisse 1)liel)en die liollateral 
sellmi Griisse bestehen ocler sie wiirden riiicli i i n t l  nach lileicer. 

6. In lteirierii dcr cliirchgcfiilirten 36 Experinieiite vereiriigte sic+ eiri 
tlurchtrenntes arterielles Gef iiiit eineiii bcnaclibarten vcniisen Gefiiss. 

7. Sofort nacli tler Verletzmig niit Hitze M urtle tlas (;ewehe aniiniisch. Es 
wurtlen Trornhose u n t l  cine ge 
heobachtet, wiihrentl (lie Kontralitiori tler Arteriolen ausgeprigt war. Zwiilf 
Stuntlen iiacli t3er vaskiiliiren Verletziirig war tler hetroffene Gewe1)eabschnitt 
liochgradig vasl<ularisiert untl neigtc lcicht ziir Rlutiing. Gefiissvereiniguiig 
und Ulutstrom waren i i i  5- 14 'l'ageri nictler hergpstellt. 

\~asolioiistrilition tler veni-isen Gef 
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