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Abstract

Use of n ew  ker a t in -ba sed w ou n d dr essin g s r epr esen t  a  n ov el a ppr oa ch  to w ou n d m a n a g em en t.  Th e

a u th or s pr esen t  th r ee pa t ien ts w ith  r eca lcitr a n t ,  v en ou s a n d m ix ed v en ou s,  a n d a r ter ia l leg  u lcer s

tr ea ted w ith  th ese dr essin g s.  Im pr ov em en t  in  ea ch  ca se w a s obser v ed.

Hea lin g  of ch r on ic w ou n ds con tin u es to r epr esen t  a  sig n ifica n t  ch a llen g e to ph y sicia n s,  a s m a n y

w ou n ds r em a in  r eca lcitr a n t  despite opt im a l sta n da r d ca r e.  For  ex a m ple,  sta n da r d ca r e of dia bet ic foot

u lcer s lea ds to h ea lin g  of less th a n  on e-th ir d of pa t ien ts in  2 0 w eeks,  a n d m or e th a n  2 5  per cen t  of

v en ou s leg  u lcer s r em a in  u n h ea led ev en  a fter  six  m on th s of th er a py .1 ,2  For  r efr a ctor y  w ou n ds, som e

su ccessfu l w ou n d ca r e a dju v a n ts a im  to a lter  th e en v ir on m en t  of th e ch r on ic w ou n d to becom e m or e

like th a t  of a n  a cu te w ou n d th r ou g h  biolog ica l in ter v en tion , su ch  a s cell-ba sed th er a pies con ta in in g

ker a t in ocy tes a n d fibr obla sts,  w h ich  h a v e fou n d to in cr ea se th e r a te of h ea lin g .3  Ker a t in ocy tes a r e

im por ta n t  in  w ou n d r epa ir ,  in  pa r t  th r ou g h  th eir  pr odu ct ion  of ker a t in  pr otein s,4 ,5  w h ich  a r e bein g

in v est ig a ted a s n ew  ta r g ets for  w ou n d ca r e dr essin g s.

Recen t  a dv a n ces h a v e been  m a de in  u n der sta n din g  th e r ole of ker a t in  in  cell biolog y ,  in  pa r t icu la r  th e

im por ta n ce of ker a t in  in  cell differ en t ia t ion  a n d pr otein  sy n th esis.  Ker a t in  is a  str u ctu r a l pr otein

im por ta n t  for  m a in ta in in g  str u ctu r a l du r a bility  of t issu es.4 ,5  How ev er ,  it  h a s been  r ecen t ly

a ppr ecia ted th a t  ker a t in  pr otein s a lso pla y  a n  a ct iv e r ole in  w ou n d h ea lin g ,  a n d th e follow in g  th r ee

ker a t in  su bty pes h a v e been  im plica ted in  th e h ea lin g  r espon se: ker a t in  6 ,  1 6 ,  a n d 1 7 .6 –8  For  ex a m ple,

follow in g  skin  in ju r y ,  ker a t in  1 7  is r a pidly  u pr eg u la ted a t  w ou n d edg es,9  a n d in  stu dies in v olv in g

ker a t in  1 7  kn ock-ou t  m ice,  dela y ed h ea lin g  w a s obser v ed.1 0 In  th e la t ter  ca se,  r ein tr odu ct ion  of th e

la ckin g  ker a t in  1 7  pr otein  st im u la ted cell g r ow th  a n d m ig r a t ion . Th er efor e,  in-vitro  stu dies h a v e

su g g ested th a t  ker a t in -ba sed pr odu cts ca n  st im u la te cellu la r  m ig r a t ion  in to a  w ou n d to im pr ov e speed

of w ou n d h ea lin g .  In-vivo  stu dies of pa r t ia l-th ickn ess w ou n d h ea lin g  in  a  por cin e m odel fou n d dr essin g s

der iv ed fr om  ker a t in  pr otein  speed h ea lin g  com pa r ed to both  a ir -ex posed w ou n ds a n d w ou n ds tr ea ted

w ith  poly u r eth a n e film  dr essin g .1 1 ,1 2  Molecu la r  a n a ly ses su g g est  th a t  th e ker a t in  for m u la t ion s m a y

in flu en ce epider m a l m ig r a t ion  by  th e u pr eg u la t ion  of ker a t in  g en e ex pr ession .1 1 ,1 3

Despite bein g  pr ev a len t  in  th e skin  a n d oth er  t issu es,  ker a t in  pr otein  h a s on ly  r ecen t ly  been  stu died a s

a  poten t ia l tr ea tm en t  for  w ou n ds.1 4 –1 6  Th is m a y  be du e to th e fa ct  th a t  ker a t in  is ph y sica lly  m or e

r obu st  th a n  colla g en , a n d, a s su ch , th e tech n olog y  r equ ir ed to r econ st itu te ker a t in  fr om  n a tu r a l

sou r ces in to a  for m a t  th a t  m a in ta in s str u ctu r e a n d fu n ct ion  u sefu l in  a  w ou n d dr essin g  or  oth er

m edica l dev ices h a s r equ ir ed ex ten siv e r esea r ch  a n d dev elopm en t.1 7 –1 9  Pr ev iou s tech n olog y  h a s

cr ea ted h y dr oly sa tes of ker a t in  pr otein  in  w h ich  th e str u ctu r e a n d fu n ct ion  of th e ker a t in  is lost  in

or der  to isola te th e pr otein .  Th is a ppr oa ch  h a s n ot  y ielded m edica l dev ice a pplica t ion s.  How ev er ,

pr ocesses h a v e r ecen t ly  been  esta blish ed for  r econ st itu t in g  ker a t in  in to ph y sica l for m s u sefu l a s w ou n d

dr essin g  pr odu cts th a t  a lso m a in ta in  th e biolog ica l fu n ct ion  of th e pr otein .2 0–2 2

A t  pr esen t ,  th r ee for m s of n on h y dr oly sed ker a t in  w ou n d dr essin g  pr odu cts h a v e been  dev eloped,

in clu din g  a  h y g r oscopic g el for  m in im a lly  ex u da t iv e w ou n ds,  a  m a tr ix  for  m oder a tely  ex u din g

w ou n ds, a n d a n  a bsor ben t  foa m  la m in a ted w ith  a  per for a ted ker a t in  film  on  th e w ou n d con ta ct  side for

h ig h ly  ex u din g  w ou n ds. Th e a u th or s pr esen t  th r ee ca ses of pa t ien ts w ith  r eca lcitr a n t  v en ou s,  a r ter ia l,

or  m ix ed u lcer s tr ea ted w ith  th ese dr essin g s in  a n  effor t  to h ig h lig h t  h ow  n ew  kn ow ledg e r ela ted to
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ker a t in 's r ole in  w ou n d h ea lin g  h a s poten t ia l for  tr a n sla t ion  to clin ica l pr a ct ice.

Methods

Th e stu dy  w a s con du cted a t  a  loca l specia list  w ou n d ca r e clin ic a n d pr im a r ily  focu sed on  th e ph y sica l

ch a r a cter ist ics a n d g en er a l u ser  a ccepta bility  of th r ee for m s of ker a t in  dr essin g .  Ea ch  pa t ien t  w a s

tr ea ted a s a n  ou tpa t ien t  w ith  dr essin g  ch a n g es occu r r in g  ty pica lly  ev er y  3  to 7  da y s.  Th e dr essin g

ch a n g es w er e per for m ed by  a n  ex per ien ced w ou n d ca r e n u r se.  Wou n d h ea lin g  pr og r ess w a s a ssessed by

ph otog r a ph y , a n d th e g en er a l a ccepta bility  to n u r se a n d pa t ien t  w er e a ssessed su bject iv ely  w ith

qu est ion n a ir es com pleted by  both  n u r ses a n d pa t ien ts.  Th e stu dy  m eth od w a s a ppr ov ed by  th e Upper

Sou th  Isla n d Reg ion a l Eth ics Com m ittee.  Th r ee pa t ien ts w er e tr ea ted a n d follow ed ov er  th e cou r se of

th is stu dy . Ea ch  ca se r epr esen ted a  differ en t  ph y sica l for m a t  of ker a t in  dr essin g .  Th e th r ee ca ses

descr ibed a r e 1 ) a  g el dr essin g  on  a  m in im a lly  ex u da t iv e w ou n d, 2 ) a  bior esor ba ble “ m a tr ix ”  dr essin g

on  a  m oder a tely  ex u din g  w ou n d, a n d 3 ) a n  a bsor ben t  poly u r eth a n e foa m  dr essin g  w ith  a  la m in a ted

ker a t in  film  on  a  h ig h ly  ex u din g  w ou n d.

Case Reports

Case 1. A  7 5 -y ea r -old w om a n  w ith  a  m oder a tely  ex u din g  v en ou s u lcer  on  th e left  low er  leg  w a s tr ea ted

w ith  th e m a tr ix  dr essin g .  Th e w ou n d h a d been  pr esen t  for  1 1 .5  m on th s.  Sh e h a d a  h istor y  of r ecu r r en t

v en ou s leg  u lcer s.  Im m edia tely  pr ior  to th e tr ia l sh e h a d been  tr ea ted w ith  m u lt ila y er ed com pr ession

ba n da g in g  w ith ou t  im pr ov em en t.

Her  pa st  m edica l h istor y  in clu ded a sth m a , ch r on ic obstr u ct iv e pu lm on a r y  disea se,  a n d th e v en ou s

sta sis disea se descr ibed. Sh e h a d a lr ea dy  r equ ir ed a  n u m ber  of skin  g r a fts.  Her  r eg u la r  m edica t ion s

w er e a spir in ,  fu r osem ide, com bin a t ion  a lbu ter ol/ipr a tr opiu m  a n d flu t ica son e in h a ler s,  n itr ofu r a n toin ,

om epr a zole,  codein e,  a n d pa r a cetem ol.  Sh e w a s a  h ea v y  lon g -ter m  sm oker  w ith  n o kn ow n  n u tr it ion a l

deficits.  Mobility  a ssessm en t  sh ow ed a  slig h t  r edu ct ion  in  ca lf m u scle pu m p.

Th e w ou n d w a s 8 .1 cm  a t  th e sta r t  of th er a py . It  w a s tr ea ted w ith  Ker a der m  (Bla cksbu r g ,  V ir g in ia ),

w h ich  is a  r obu st  m a tr ix  dr essin g  der iv ed fr om  fr eeze-dr ied ker a t in  pr otein .  Th is m a tr ix  dr essin g  is

r ea bsor bed in to th e dev elopin g  t issu e w ith ou t  tr a u m a tic dr essin g  ch a n g es,  pr ov ides a  r esor ba ble

“ sca ffold”  for  th e r a pid g r ow th  of n ew  t issu e,  a n d h elps m a in ta in  a  m oist  w ou n d en v ir on m en t.

Th e w ou n d w a s 0.3 cm  a fter  1 6  w eeks of tr ea tm en t  a n d com pletely  h ea led a fter  3 0 w eeks.  Th e pa t ien t

r em a in ed u lcer  fr ee a fter  six  m on th s (Fig u r e 1 ).

Fi gur es 1 A and 1 B
(A) Case 1 : U l cer  at  Day  0; (B) Case 1 : Heal ed ul cer  at  Day  99

Case 2. A  6 2 -y ea r -old m a n  w ith  a  h ig h ly  ex u din g  v en ou s u lcer  w a s tr ea ted w ith  th e foa m  dr essin g .  Th e

w ou n d w a s pr esen t  for  six  m on th s a t  th e sta r t  of th e stu dy . He h a d a  h istor y  of ch r on ic v en ou s

h y per ten sion  a n d, despite com pr ession  ba n da g in g , h a d fa iled to h ea l.

His pa st  m edica l h istor y  con sisted of diet-con tr olled n on in su lin -depen den t  dia betes,  r h eu m a toid

a r th r it is,  bila ter a l tota l h ip r epla cem en ts,  bila ter a l leg  v a r icose v ein  su r g er y ,  a n d v en ou s der m a tit is.

He w a s a n  ex -sm oker  w h ose on ly  m edica t ion s w er e n on ster oida l a n t i-in fla m m a tor y  dr u g s.

Th e w ou n d w a s 1 2 cm  a t  ba selin e.  It  w a s tr ea ted w ith  Ker a foa m  (On set  Der m a tolog ics),  w h ich  is a n

a bsor ben t  poly u r eth a n e foa m  dr essin g  w ith  a  la m in a ted ker a t in  film . Th e r eca lcitr a n t  u lcer  pr og r essed

fr om  a  n on h ea lin g  to a  h ea lin g  w ou n d w ith  th e dev elopm en t  of a  h ea lth y  g r a n u la t in g  ba se,  a n d
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epith elia lizin g  m a r g in s com pletely  h ea led a fter  1 0  w eeks,  bu t  su sta in ed tr a u m a  to th a t  a r ea  tw o w eeks

la ter  r equ ir ed fu r th er  dr essin g s.  Th is w ou n d th en  com pletely  h ea led a fter  1 6  w eeks a n d r em a in ed

h ea led a t  six  m on th s (Fig u r e 2 ).

Fi gur e 2A and 2B
(A) Case 2: U l cer  at  Day  0; (B) Case 2: Heal ed ul cer  at  Day  7 8

Case 3. A  7 4 -y ea r -old m a n  w ith  a  m ix ed v en ou s a n d a r ter ia l disea se h a d a n  u lcer  on  th e la ter a l

m a lleolu s of th e left  foot  a n d w a s tr ea ted w ith  th e g el dr essin g .  Th e w ou n d w a s pr esen t  for  2 0 y ea r s a t

th e sta r t  of th e stu dy . He h a d a  h istor y  of a r ter ia l disea se r esu lt in g  in  a  r ig h t  leg  below  kn ee

a m pu ta t ion  for  ex ten siv e u lcer a t ion . Th e cu r r en t  u lcer  w a s bein g  tr ea ted w ith  2 3 m m Hg  com pr ession

ba n da g in g , a n d th is con tin u ed w ith  th e ker a t in  dr essin g .

His pa st  m edica l h istor y  con sisted of a bdom in a l a or t ic a n eu r y sm  a n d isch em ic h ea r t  disea se.  He h a d

tu ber cu losis in  1 9 7 6  a n d r h eu m a tic fev er  a s a  ch ild.  His r eg u la r  m edica t ion s w er e a spir in  a n d

sim v a sta t in .  He h a d cea sed sm okin g  in  1 9 7 6 .

Th e in it ia l size of th e w ou n d w a s 2 .2 cm . It  w a s tr ea ted w ith  th e biodeg r a da ble “ m a tr ix ”  dr essin g .

Th er e w a s a  r a pid im pr ov em en t  of th e w ou n d th a t  h a d n ot  occu r r ed w ith  h is pr ev iou s dr essin g s.

Com plete h ea lin g  w a s a ch iev ed by  Da y  1 5 5 .  Th e a r ea  r em a in ed h ea led a t  six  m on th  follow  u p (Fig u r e 3

).

Fi gur e 3A and 3B
(A) Case 3: U l cer  at  Day  0; (B) Case 3: Si gni f i cant r educti on i n si ze of  the ul cer  at  Day  85

Discussion

Leg  u lcer s a ffect  1 .5  to 3  per  1 ,000 people a n d pr ev a len ce in cr ea ses w ith  a g e to 2 0 per  1 ,000 in  people

older  th a n  8 0 y ea r s of a g e.2 3  V en ou s a n d m ix ed a r ter ia l a n d v en ou s u lcer s ben efit  fr om  com pr ession

th er a py  to a id v en ou s r etu r n 2 4  w ith  th e lev el of com pr ession  bein g  depen da n t  u pon  th e deg r ee of

a r ter ia l com pr om ise.2 5  Ov er  h a lf of th ese u lcer s h ea l w ith in  1 2  w eeks.2 6  A  r ecen t  sy stem a tic r ev iew

a n d m eta -a n a ly sis h a s fou n d th a t  th e ty pe of dr essin g  a pplied ben ea th  com pr ession  ba n da g in g  does n ot

a ffect  u lcer  h ea lin g .2 7

Ch r on ic,  r eca lcitr a n t  w ou n ds r epr esen t  a  pa r t icu la r ly  difficu lt  su bset  of pa t ien ts.  La r g e w ou n d size a s

w ell a s lon g  w ou n d du r a t ion  a r e a ssocia ted w ith  slow er  h ea lin g  r a tes.  Specifica lly ,  a  w ou n d du r a t ion  of

>6  m on th s a n d a  w ou n d size of >5 cm  a r e a ssocia ted w ith  a  m u ch  h ig h er  ch a n ce of fa ilu r e to h ea l.2 8  A s

su ch , pa t ien ts a r e r ecom m en ded to a dv a n ce to a dju v a n t  th er a pies if on ly  a  m in im a l r edu ct ion  in

w ou n d size occu r s follow in g  sta n da r d of ca r e th er a py  for  fou r  w eeks.2 9

Wh ile th is is a  lim ited ser ies,  th ese th r ee ca ses of r eca lcitr a n t  leg  w ou n ds h ea led w ell a fter  th e

in tr odu ct ion  of ker a t in -ba sed pr im a r y  dr essin g s,  w h ich  pr ov ide a n  oppor tu n ity  to con sider  th e clin ica l

a pplica t ion  of r ecen t  kn ow ledg e a dv a n ces r eg a r din g  th e r ole of ker a t in  pr otein s in  h ea lin g .  A ll th r ee

pa t ien ts h a d w ou n ds th a t  h a d becom e ch r on ic despite a ppr opr ia te com pr ession  a n d th e u se of a  v a r iety

of pr im a r y  dr essin g s.  Th e h ea lin g  th a t  occu r r ed in  th ese ca ses is n otew or th y ,  pa r t icu la r ly  in  Ca se 3  in

w h ich  th e w ou n d h a d been  pr esen t  for  2 0 y ea r s.  A lth ou g h  a ll th r ee pa t ien ts in  th e ca ses pr esen ted

h istor ica lly  h a d la r g e a n d r efr a ctor y  u lcer s u n r espon siv e to oth er  tr ea tm en t,  th e ev iden ce is cu r r en t ly

lim ited, a n d con clu siv ely  a t tr ibu t in g  th e h ea lin g  to th e ker a t in -ba sed dr essin g s is n ot  possible.  A s su ch ,

2
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th e ex a ct  m ech a n ism  of w ou n d im pr ov em en t  in  th ese ca ses is n ot  cer ta in ,  bu t  it  is possible th a t  th e

im pr ov ed h ea lin g  poten t ia l of ker a t in  su g g ested by  in-vitro  a n d a n im a l stu dies m a y  h a v e been  ca u sa l.

A ddit ion a lly ,  th e dr essin g s w er e fou n d to be com for ta ble a n d ea sy  to u se by  th e pa t ien ts a n d n u r ses.

Th er e st ill r em a in s a  la r g e g r ou p of pa t ien ts w h o do n ot  r espon d to com pr ession  a lon e, a n d th er efor e,

in v est ig a t ion  in to n ew  dr essin g s is of th e u tm ost  im por ta n ce.  Ker a t in -ba sed dr essin g s m a y  h a v e th e

poten t ia l to im pr ov e h ea lin g  ou tcom es a n d a v oid th e n eed for  su r g er y  on  a  r a n g e of r eca lcitr a n t ,

ch r on ic leg  u lcer s,  a s dem on str a ted by  th e posit iv e ou tcom es obta in ed in  th e th r ee pa t ien ts descr ibed

h er ein .  Con tr olled th er a peu tic tr ia ls a r e r equ ir ed to fu r th er  in v est ig a te th is issu e.
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