


g ra nula tiontissue form a tionw hic h isa ne sse ntia lste pforhe a ling b y
se c ond a ryinte ntionora sw ound b e d pre pa ra tionforg ra fting .
M e thod s:A se rie sofnine non-he a ling ,post-tra um a le sionsonthe
low e rle g w e re tre a te d w ith TDA,follow e d b ytre a tm e ntofthe le sion
w ith va se line g a uze .Re sults:The a ve ra g e a g e ofthe pa tie ntsw a s77.0
ye a rsa nd the le sionsha d b e e nine xiste nc e for5.6 m onthsona ve ra g e .
The a ve ra g e size ofthe le sionw a s15.9 c m 2.Com ple te g ra nula tionof
a llle sionsw a sre a c he d ina na ve ra g e of34.1 d a ysw hile the tim e to
c om ple te re e pithe lia liza tiona ve ra g e d ,69.8 d a ys(d a ta from one
outlie rre m ove d ).The re w e re noa d ve rse e ve nts.Conc lusion:The se
d a ta sug g e stTDA tre a tm e ntisa ne ffe c tive a nd e ffic ie ntw a ytod e b rid e
le sions,a nd topre pa re the m forhe a ling b yse c ond a ryinte ntionorfor
g ra fting .
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Introd uc tion

Itisw e llre c og nize d tha tle sionssuc h a sve nous,d ia b e tic a nd a rte ria l
ulc e rsa re a m a jorb urd e ntopa tie ntsa nd soc ie ty.Pa tie ntstypic a lly
suffe rfor(som e tim e sve ry) long pe riod s[1,2],sinc e the le sionsa re
d iffic ulttohe a l,d ue tothe irc hronicity[3-6].The ya lsoha ve a m a jor
soc ioe c onom ic im pa c tw ith hig h c oststothe insura nc e syste m a nd
ove ra llsoc ie ty[7],w ith the hig he stc ostsa ssoc ia te d w ith inpa tie nt
c a re ,pa rtic ula rlyhospita la d m issionsa nd surg ic a lproc e d ure s[8].For
e xa m ple ,the c ostoftre a tm e ntofd ia b e tic footulc e rsforUS M e d ic a re
isb e tw e e n9 a nd 13 US$b illion/ye a r(2019 d a ta ) [7],w hile ve nousle g
ulc e rsa re re sponsib le fora ninc re a se of$6,391 pe rpa tie ntforthe US
M e d ic a re syste m (2014 d a ta ) [8].

Ce rta in(skin) tra um a m a ya lsore sultinnon-he a ling ,w hic h,a m ong
othe rfa c tors,isre la te d tothe type a nd loc a tionofthe le sion,a g e d a nd
fra g ile skin,the pre se nc e ofe xpose d struc ture suc h a sb one orte nd on,
a nd /orinfe c tion[9-11].The se le sionsa re le ssw e lld e fine d ,a nd itis
d iffic ulttofind d a ta onthe irpre va le nc e ,b utitissa fe toa ssum e tha t



c e rta inw ound s(suc h a spre tib ia lla c e ra tionsa nd skinlossove rthe
Ac hille ste nd on(Fig ure 1)),ofte nha ve he a ling prob le m s.Thisis
e spe c ia llytrue inthe e ld e rly:a m ong othe rfa c torsinthispa rtofthe
popula tionse ne sce nc e oc c ursm ore fre que ntly,pa rtic ula rlyinthe
d e rm a le xtra c e llula rm a trix,w hic h isprog re ssive lyd a m a g e d .This
a ffe c tsthe norm a lorg a niza tionofthe skina sw e lla sitsc a pa b ilityfor
he a ling [12].The re istypic a llya lsoa d e c re a se in(loc a la nd syste m ic )
pe rfusiona nd inthe a b ilitytow a rd offinfe c tion[13].

Fig ure 1

Exa m ple ofa typic a lnon-he a ling ,post-tra um a le sion.





Ulc e rsa nd othe rnon-he a ling le sionstypic a llya re c ove re d w ith
ne c rosisa nd b iofilm a nd the se ha ve a ne g a tive im pa c tonthe he a ling
proc e ss[14-22].Thus,re m ova lofthe se d e trim e nta lfa c torsisa n
e sse ntia lste ping e tting w ound sorulc e rstohe a l[23],a nd itis
re fle c te d ind iffe re nttre a tm e ntm od a litie sa nd protoc ols[16,24].

Re g ula ra nd rig orousd e b rid e m e ntisthe pre fe rre d w a yofre m oving
b iofilm a nd ne c rosis[25].

Am ong the d iffe re ntw a ysofd e b rid e m e nt,surg e ryisg e ne ra llyse e na s
the fa ste sta nd m oste ffe c tive the ra py[26,27],b utitre quire sspe c ific
e xpe rtise a nd se tting s[28,29] a nd isre la tive lye xpe nsive [27].

A ne w c om pound ,topic a ld e sic c a tiona g e nt(TDA (De b ric he m .DEBx
M e d ic a l,BV.Rotte rd a n,the Ne the rla nd s)) c onta insm e tha ne sulfonic
a c id ina g e l.

W he nTDA c om e sinc onta c tw ith w a te ritsd issoc ia tionprod uc e sa n
a m ountofe ne rg yofthe ord e rof1500 KJ/m ol,w hic h ispow e rful
e noug h tod e stroyvirtua llya llb ioc he m ic a lb ond sinthe b iofilm a nd
the ne c rosis.Thisre a c tionoc c ursve ryra pid ly,a nd typica llya one -
tim e a pplic a tionsuffic e s.Thus,TDA m a yse rve a sa na lte rna tive to
surg ic a ld e b rid e m e nt.
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M a te ria la nd m e thod s

TDA ha sa strong hyg rosc opic a c tion[30].W he ninc onta c tw ith (w a te r
in) ne crosis,b iofilm a nd othe rorg a nic c om pound ssw iftd e sic c a tion
oc c ursw hic h,inturn,le a d stod e hyd ra tiona nd d e na tura tionofthe
prote insinthe se com pound s.The prim a ryg oa lofusing TDA isthe
e lim ina tionofb iofilm a nd ne c rosisfrom a le sion,thusd e c re a sing the
c ha nc e ofinfe c tiona nd “re storing ” the he a ling proc e ss.

TDA isa pplie d ove rthe le sion,inc lud ing 1 c m ofthe pe ri-w ound skin
a nd a fte r60 se c ond sthe a g e ntisre m ove d b yrinsing w ith w a te ror
sa line .The shorte xposure pe riod a ssure stha tthe pe riw ound skin,



w ith itslow w a te rc onte ntinthe stra tum c orne um ,isprote c te d from
d a m a g ing e ffe c tsofthe a g e nt.

The d e sic c a te d a nd d e na ture d tissue sa nd org a nic c om pound ste nd to
quic klyse pa ra te from the und e rlying tissue s.Thisle a ve sthe le sion
pre pa re d forthe d e ve lopm e ntofg ra nula tiontissue .The pre se nc e of
g ra nula tionisne c e ssa ryforhe a ling b yse c ond a ryinte ntionorfor
c losure b ysking ra fting .

Se le c tionofthe le sions,ob je c tive s

The c a se sd e sc rib e d inthisa rtic le a re a sub se tofpa tie ntsw ith
“g e ne ra l”non-he a ling le sions,b oth ulc e rsa sw e lla sthose c a use d b y
othe re tiolog ie s[31]:the stud yisa re trospe c tive ,non-c om pa ra tive
a na lysis.

The pre se nc e ofne c rosisa nd a b iofilm w a sa ninc lusionc rite rionfor
the tria l:the pre se nc e ofne c rotic tissue w a svisua llyc onfirm e d ,a nd
the e xiste nc e ofa b iofilm w a sa ssum e d ,b a se d onthe fa c ttha tvirtua lly
a lllong e r-e xisting le sionsha ve one [32].Ad d itiona linc lusionc rite ria
w e re lim ite d a nd ofa m inim um a g e of18 ye a rsa nd the pre se nc e of
post-tra um a ,non-he a ling le sionsofthe low e rle g orfoottha tha d to
ha ve b e e nine xiste nc e forfourw e e ksorlong e r.Noothe rspe c ific
inc lusiona nd e xc lusionc rite ria w e re use d .

TDA tre a tm e ntw a sfollow e d b ythe use ofva se line g a uze :a lthoug h
thisisc e rta inlynotthe m osta ppropria te m a te ria lforw ound
tre a tm e nt[33-35],itw a sc hose nsotha tjud g ing the re sultsofthe TDA
tre a tm e ntper se w ould notb e influe nc e d b ythe sub se que ntd re ssing s
use d .Ad junc tthe ra pie s(i.e .,c om pre ssion,off-loa d ing ) w e re use d
w he nind ic a te d .Noa d d itiona ld e b rid e m e ntproc e d ure sorte c hnique s
w e re use d .

The a na lysisw a sa pprove d b ythe e thic a lc om m itte e ofthe Villa Be ric a
H ospita l,Vic e nza ,Ita ly,inline w ith the d e c la ra tionofH e lsinki.

Asse ssm e ntofthe sa fe ty(b ym e a suring prod uc t-re la te d a d ve rse
e ve nts) a nd e ffic a cyofa one -tim e TDA a pplic a tionw a sthe prim a ry



ob je c tive ofthe proje c t.Effic a c yw a sm e a sure d b yvisua la sse ssm e nt
ove rtim e ofthe pe rc e nta g e ofthe le sionc ove re d w ith g ra nula tion
tissue :this,ofc ourse isa nind ire c tb utre lia b le w a yofte sting the
re m ova lofb iofilm a nd ne c rosissinc e the d e ve lopm e ntofg ra nula tion
isse riouslyha m pe re d ,ifnotim possib le ,w he nthe se d e trim e nta l
influe nc e sa re pre se nt.

Tim e toc om ple te re e pithe lia liza tionw a snota noffic ia le nd pointin
thisa na lysisb ut,w he re possib le ,pa tie ntsw e re follow e d until
re e pithe lia liza tionw a sc om ple te .

De m og ra phic s

From Aug ust2018 throug h Se pte m b e r2019 nine le sionsinnine
pa tie ntsqua lifie d forpa rtic ipa tioninthisa na lysis.Sixpa tie nts
(66.6% ) w e re m a le .The a ve ra g e a g e ofthe pa tie ntsw a s77.0 ye a rs
(ra ng e :39-89) (Fig ure 2). Tw o pa tie nts w e re  ob e se  (BM I: ≥  30.0) a nd  
one  w a s und e rw e ig ht (BM I: ≤  18.5). All le sions w e re  loc a te d  on the  
low e rle g (le ftle g :fourle sions,44.4% ).The a ve ra g e size ofthe le sion
w a s15.9 c m 2 (ra ng e :2-40).The le sionsha d b e e nine xiste nc e for5.6
m onthsona ve ra g e ,w ith a m inim um of2.0 m onths.Thre e le sionsw e re
12 m onthsorold e r(Fig ure 2).



Fig ure 2

The a g e ofthe le sionsa sw e lla sthe a g e ofthe pa tie nts.

Allle sionsha d b e e ntre a te d w ith se ve ra ld iffe re ntthe ra pie spriorto
the a pplic a tionofTDA,b utsinc e m a nyofthe se w e re d iffic ulttotra c e ,
onlythose im m e d ia te lypriortoTDA tre a tm e ntw e re a na lyse d .The se
w e re m oisture re te ntive d re ssing s(N=3),c olla g e na se (N=2) a nd silve r
d re ssing s(N=3).Forone le sion,the la stpre vioustre a tm e ntw a snot
know n.

Re g a rd ing c om orb id itie s,thre e pa tie ntssuffe re d from hype rte nsion,
one from rhe um a toid a rthritis,a nd inone pa tie ntthe le g w ith the non-
he a ling le sionw a spa ra lyze d .Tw opa tie ntsw e re using syste m ic



ste roid s.Afte rTDA a pplic a tion,one pa tie ntre c e ive d c om pre ssionof
the le g a nd inone pa tie ntoff-loa d ing w a suse d .
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Re sults

Allpa tie ntsre a c he d (visua llya sse sse d ) c om ple te g ra nula tionin,on
a ve ra g e ,34.1 d a ys(ra ng e :7-72) (Fig ure 2).W ith va se line g a uze a s
sub se que ntd re ssing ,88.8% (e ig hth pa tie nts) a lsore a che d c om ple te
re e pithe lia liza tionin,ona ve ra g e ,116.3 d a ys(ra ng e :20-395).One
pa tie nt,w ho’sle sionha d b e e nine xiste nc e form ore tha na ye a r,w a s
a noutlie r,forunid e ntifia b le re a sons.Ifthe outlying num b e r(395 d a ys
toc om ple te re e pithe lia liza tion) isre m ove d ,the a ve ra g e tim e to
c om ple te re e pithe lia liza tionis69.8 d a ys(ra ng e :20-154) (Fig ure 3).



Fig ure 3

The tim e tog ra nula tiona nd re e pithe lia liza tion.

The a ve ra g e num b e rofvisitstothe c linic tore a c h c om ple te
re e pithe lia liza tionw a s16.9 d a ys(ra ng e :2-57).Ifthe d a ta ofthe 57-
visits-pa tie nta re re m ove d (thisisthe “outlie r”pa tie nt),the a ve ra g e
num b e rofvisitsisre d uc e d to11.9 (ra ng e :2-36).

Allpa tie ntsa nd the irphysic ia nsc onsid e re d TDA tre a tm e ntb e tte ror
c onsid e ra b lyb e tte rtha nthe pre vioustre a tm e nt.

Noa d ve rse e ve ntsre la te d tothe te ste d m a te ria lsoc c urre d .



Proc e d ura lpa in,using a visua la na log ue sc a le (w ith 0 ind ic a ting no
pa in,5 ind ic a ting ve ryse riouspa in) w a sra te d 2.0 ona ve ra g e ,w ith a
ra ng e of0 to5.One pa tie ntra te d the pa ina s5 a nd tw opa tie ntsd id
notsuffe rfrom a nyproc e d ura lpa in.
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Disc ussion

The prim a ryob je c tive ofthe a na lysisofthisc a se se rie sw a stoa sse ss
the e ffic a c yofTDA,na m e lytow ha te xte ntre m ova lofb iofilm a nd
ne c rosisw ound le a d toc om ple te g ra nula tion:a sm e ntione d thisisa n
e sse ntia lste pforsuc c e ssfulw ound he a ling tooc c ur[36-40],e ithe rb y
se c ond a ryinte ntionorb yc re a ting a w ound b e d tha tisre a d yfor
g ra fting .The re sultsontim e toc om ple te g ra nula tiona nd
re e pithe lia liza tion,34.1 a nd 69.8 d a ys,re spe c tive ly,ind ic a te tha tthe
TDA tre a tm e ntise ffe c tive .

The a d d itiona lprim a ryob je c tive w a stoe va lua te sa fe ty,w hic h w a s
a sse sse d b ya na lyzing c om pound -re la te d a d ve rse e ve nt:none
oc c urre d .

Proc e d ura lpa inw a sra te d 2.0 ona ve ra g e .W hile pa inshould b e
pre ve nte d inthe future use ofTDA b yusing a na ppropria te w a yof
a na e sthe sia ,itshould b e sta te d tha tm a nyd e b rid e m e ntte c hnique sa re
pa inful.Thisispa rtic ula rlytrue forsurg ic a ld e b rid e m e nt,forw hic h
TDA-usa g e c ould b e a na lte rna tive sinc e b oth te c hnique sprovid e quick
re sults,g e ne ra llyina one -tim e proc e d ure .TDA a nd surg ic a l
d e b rid e m e nta lsod iffe r,how e ve r,intha tTDA a pplic a tiond oe snot
re quire spe c ific te c hnic a lskillsora spe c ia lse tting [31].Thism a yhe lp
re d uc e the pric e oftre a tm e nt.Ind e e d ,ina se pa ra te a na lysisonUK-
g e ne ra te d d a ta ,the use ofTDA w a sfound tob e c ost-e ffe c tive in
pa tie ntsw ith ve nousle g ulc e rs[41].

The re sultsob ta ine d inthisproje c tc a nnotb e d ire c tlycom pa re d to
those onothe rc om pound suse d forthe sa m e ind ic a tiona nd outc om e .



Lite ra ture onpost-tra um a ,non-he a ling le sionsisvirtua llynon-
e xiste nt.Typic a lly,the se le sionsa re c a lle d post-tra um a ulc e rs,w hic h
inthe m ind ofthe a uthorisinc orre c t[42]:physiolog ic a lly,post-
tra um a le sionsa re notulc e rsinthe se nse tha tulc e rsa re c a use d b ya n
und e rlying e tiolog y[42].Be c a use ofthe te rm inolog yuse d (post-
tra um a ulc e r),how e ve r,inthe lite ra ture post-tra um a le sionsa re
usua llypa rtofa m uc h la rg e rg roupofnon-he a ling le sions,w ith
d ia b e tic footulc e rsa nd ve nousle g ulce rstypic a llyinc lud e d inthe
sa m e stud yc ohort,w ithoutstra tific a tionofthe d iffe re nte tiolog ie s.

W e w e re a lsonota b le tofind lite ra ture ontre a tm e ntofskinle sions
w he re d e b rid ing a nd sub se que ntc om ple te g ra nula tionw e re the
prim a rystud yob je c tive s.
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Lim ita tions

The d a ta pre se nte d he re a re the re sultsofa re trospe c tive a na lysisofa
g roupofpa tie ntsw ith non-he a ling post-tra um a le sions.Oura pproa c h
ha sse ve ra linhe re ntd ra w b a c ks:the re isa ve rylim ite d se tofinc lusion
a nd e xc lusionc rite ria w hic h a llow sforle sionsw ith pote ntia lly
d iffe re ntc ha ra c te ristic stob e inc lud e d inthe d a ta a na lysis.The fa c t
tha tthe re w a snospe c ific c ut-offtim e orlim ita tiontothe pe riod to
c om ple te g ra nula tiona nd re e pithe lia liza tionm a ke sTDA a na lysis
re sultsd iffic ulttoc om pa re w ith the re sultsofRCT’s,a spre se nte d in
the lite ra ture .Suc h c om pa risonsa re a lsove ryd iffic ultsinc e the
lite ra ture d oe snotprovid e spe c ific d a ta onourd e fine d ind ic a tions
a nd stud youtc om e s.
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Conc lusion

A re trospe c tive lya na lysisofd a ta ona d e sic c a ting a g e nt,use d forthe
re m ova lofb iofilm a nd ne c rotic m a te ria linnine post-tra um a le sionsof



the low e rle g w a sc ond uc te d toa na lyze the e ffic a c ya nd sa fe tyofthis
a g e nt.

Da ta a na lysisshow e d ra pid g ra nula tionform a tiona nd
re e pithe lia liza tion,the re sultofsuc c e ssfullyc re a ting a prope rw ound
b e d w ithoutne c rosisa nd b iofilm .The se c linic a lfind ing sind ic a te the
e ffic a c yofTDA a sa d e b rid ing a g e nta nd the ysug g e sttha tthe use of
TDA m a yc ontrib ute c onsid e ra b lytofa sta nd e a syre m ova lofb oth
b iofilm sa nd ne c rosis.
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Disc losure ofc onflic tofinte re st

The a uthorisc onsulta nttoDEBxM e d ic a l,Am ste rd a m ,the
Ne the rla nd s.
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