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m o c k  tunu (TcPo; 13-30 nun Hgj or black pn- 
grenout iluw (TcPo, 0-13 nun H(>,(TCPo, from 0- 
4 0  mm Hi), ire d d u m r  ind wiuidad "unlilicly to 

Id,"' 4% in liifh rua of major ampuuciolu or 
(Up sugeriei.' In ncilcitnnt wounds, d u  thrombi 
ne obiorcd (Hmq MCY 2000; u n p u b l i i  &u): theÃ 
woundi in Koogmud clinicilly by eke rtcurimt form*- 
tion of necrotic duuc Ã the ali-wxind interfile*, u die 
underlying prcumtMy hypoxic rinua u+ d 
from rwrfuiion injury'-'whw expad to and r e p -  
fined by or/gcn in the air. 

Unoppcwd free 01 rcÃˆarÃ 

spc- (ROS) form the Ixuu of repcrfiuica injury.̂  
ROS ue a normal byproduct of d Ã ‡  phtMphoiyii- 
tion. In h e  (WICTOE of in u l c q u l t c  blood (upply. ROS 
ire qumched by uiequaic mpplics of fax ndloJ 
quenchen (ie, mperoÃ§id Jurnuw. aciliM, and 
reduced &~taAione).' !n wound* without ukquan 
blood supply, however, du pmence of unopposed ROS 
results in endothdul dl deitruccion and tisue necrosis. 
leading to worming of thefe wounds. 

I 

Oxygen at greater than 1 airnosphere (hyperbaric) 
ippeus to hive hither inuinaic energy than oiyetn x i 
mmpk&re (norrnobuic) or below I atmosphere (hypo- 
bark). The htflnaic mttgy conferred on hypcAiric o*y- 
gm at s p d i i  pressures allows specific chcmid reacriom 
to take place u air wmperuure that would not ucti<rwi*e 
occur under nonnobaric wnditiow. One desirable rcac- 
lion comma of cross-linking of hydroperoxyl (ad~ali to 
monounsituratol lipids." thus sequaccring hydmpcmx- 



SWC (f < 0.004; pwti calculation 0.887). The nudy 
was, thcrtfee, dmignd lo t int u lent 10 patienu (20 
wundi) with tidie: THOT or SWC 

Studyprotocol.Th*itudy-pnupea+uidwed 
nomelected controll. Kuimu wirh ntcmoc wounda who 
met rbe indunob criteria were peouittd by r e k d  to one 
of AÃ luthon. Tht pmiocol included complete medical 
history, phyuot) exanination, 4 libo- 
ruory evaiuauon for all patieno, indud- 
ing a chat radiognph, bone ndi- 
ogrephi, and '"In \cukocm wmfl 

whenever i n d i d .  The inpuicna 
received 4 vtcb of tmtment by cilhu 
TiOT or SWC, with At opium for 
crossover after 4 we& if die nicer* woo' 
end  with cicha cteatmenc. 

Fony ptienn with 79 nanxic/gui- 
grenotu uJcerS) who me ih< inclusion 
criteria, were recruited info the study 
within the 12-monrh iripulad period. 
Twenty-six inpafienu (54 &zit) were 
randomly wigned (by drawing low) to 
tmtment by either THOT 01 SWC. 
Because only two paticnu could be 
treated with THOT at any one lime, 14 
"overflow" inpacienu (ic. patient* admic- 
red dicing the period when more than 
rwo pacitnu were being created with 
THOT) with 25 uictn ilio wen 
included in the SWC group. Exclusion 
criicria excluded 2 patients -one who 

rcfuwt THOT and che odiu with unsoble proywivc 
pmgrene-wociaud uncontrolled diabeta and infection. 
Ulcer location and buelim dimeteristia of At inpa- 
tm~i group ire provided in Table 1 and Tabk 2. No rig- 
n i k n t  ditTerenca were found between Ac two poupi 
( ~ t c  Table 2). 

Study Procedures 
Topio lbypdbuicoxnutherap~udu~o~~~o-  

dc rangt 0. Following ihup debiidonoit (see 
below), patienu wne given THOT. Tim it u improve- 
ment from the topical hyperbaric oxygen tcd>nque 
(1.0iL1.04 atmwphcm) ptcviomly reported.u Oxygen is 
adroiruicwd via an 8.4411 x 46 - i  pleated, polyethylene 
biz. The open end is aped w w d  the cheat u the I& 
of the nipple, allowing miiliipk ulccn to be awed 
K&uhaneoualy. LUng p i w u r u  vdidwd by inan-u~ncnu 
q m d y  &ipd kr mawing  low pmmw (ha& 
Nadonxl Lilx, Albuquerque. New Mexico), immbag 
prcmira were auintaincd withio 1 narrow range (1.004 
lo 1.013 atmofphem) u all tuna, ensuring* 15 Umin 
flow rate. Tha wounds were treated for 4 hoar per day, 4 
day)perwcdcfor4wcdu(aIroifholtdeuUer). 



ulccn by 2 to 6 welo, 6 of 6 S i f e  111 ulcen by 4 to 10 week], 

ind 4 of 7 Sage N wounds by 4 to I6 4. The three 
unheilcd Sogt IV ulcer (1  mcd  2 heel) were complicated by 
wteomyelitis, with 2 of 3 paficncs dying from mmorbd dueue 
(dimeminiid proÃ§(at malignancy in 1 patient and upintion 
pneumonia in 1 parient) before wound heding occurred. Figuro 
1,2, and 3 depict the typical behavior of wounds created by 
m0T. 

In rhe SWC group granulation t h e  ~l d m  to form with 
iecuncnce of necroric tia~ue requiring rcpoced dcbridmenc in 
43 of SO wounds. Some degree of clinical mrting WÃ observed 
in 49 of 50 wounds. In the SWC group. 11  of 50 (22%) wounds 
w e n t d y  holed (8 of 31 S q c  H ulccn by 7 moncht. and 3 of 
8 Stage III uiccri by 15 month*). No (0 of 11) Sage IV ulcer wu 
holed by the end of the study. 

V R i d  Q-m 
!l<iilttfUlltnnf"fMUMtntM/amUMlf/n -5a.Ml 

ptdena who received THOT tiwmcnt weft corredy randomized 
to thu condition. Some w d  pwp ptbu WCR also wrredy 
nuulomiUd but o h  wne simply id& in Aa group beaiuc 
thy were admicted at a tune when no iddihnil THOT pericnu 
could be mared by At aviiltUt umined mX The i d  plan wm 
to randomize d admisuona d+a I2-won.A period. The 
THOT group conainal13 paritnu wid> 29 woutult. while the 
SWC group conaincd 27 puiencs with 50 wound% One wxy w 
oboin strictly mmpambk groups ii to d m l y  idea 29 wow& 
from At 50 h in the connol group w wmpw m the THOT 
group. Rndom-an wu performed on Ac SWC p u p  by tht 
SSPS computer algorithm without q w d  to u y  siik-jdulcer c h -  
ikCtsnsriu at enrollment or after 4 web. Successful randomizarion 
wu dano~tnied by the ha d u e  the random swpk of 29 SWC 
ulcers wit not siznifiandy different from the 21 renuiring unsc- 
lead SWC ukcu in my of the following m n i u ~ i :  Ã  ̂ at enroll- 
nwn (rncan difference = 1.32 cm* : 2.8, # =  0.48,~  - 0.64); size at 

4w& (man diffatncc 0.44 cm' t 4.2, r -  0.15, P. 0.88): or 
chant per day (mean difference - 0.0004 cm' i 0.08. r = 0.055, P - .  
= 0.96). Peuson c h i q u a d  too comparing Ae SWC-stlcctcd ran- 
darn ample with the SWC unitlectcd ulc-cra showed no iignificant 
A&- in frequency ofdiabeCc ulcers tf - 1.12, p - 0.29). Ire- 
quency of ukci saga at eniollincni ()(' - 1.46, P- 048) or at 4 
weeks (xi Ã 0.83, P- 0.84). Swcosfal randomhion vm demon- 
suated for die above xkvani measures at baaetine enrollment; and i t  

4 wela (scf Table 3). 
Smrff ulcwpwpatierr ran&m wmpb (n - 24). The sam- 

ple initially included 79 d w s  among 40 u s e s .  The THOT 
group conrained 13 patients wirh 29 wounds, while the SWC 
group contained 27 paricnis with 50 woundi. Although mwt 



SWC (multiple-ulcer mdoro sunp&) goup. 
At enrollment, the THOT group had 16 ulcen u S o p  II,6 at Stage 111, wd 

7 u Suge 1% while die SWC group had 20.4, and 5 u S a g a  11. Ill, and IV, 
rnpmhdy. ThÃ§TliO group wded to have (lightly more mere wounds ihiu 
dx SWC group, ddumgh thi< difkaMc waa not sigr.iant. f = 1.18. i - 
0.55. At 4 wteki, the THOT group hid 18 healed ulccn, while SWC had 
tkealod oflly 2 of i:heÃˆ necfotidgupenoul ulcefs. OF (be unhraJcd ulcers at 4 

4, theTHOT group had 5 Soft 11.4 Svf /e  HI, and 2 Stage IV ulcen; the 
SWC group had 13 S(*fe 11.3 Sage HI, and 11 Sage W &en. THOT and 

m OuomyWmÃ§ Management 



pwtively skewed in both groups, mural log iruuforma- 
tion vm done on uker sat at enrollment and at 4 week  

The log-iramfotd &u Knitted in a n o d  dmribu- 
lion. The mean ulcer 1110 (sundud Icvkdon) txfort 
and after n u v d  106 truufonnacion ire shown mTable 
4. The group* did not differ m enrollment in log (ulcer 
iizt at bueline), r - 0.69, P - 0.498. A two-way repelled 
measurn aoilysi~ of vuiince wu pufenned comparing 
ulcer uze (log tmufoimcd) across tremnant group8 
(THOT and SWC) and ulcct Suge (11, 111, M at bwe- 
line and at 4 weela. Diignimic too showed equality of 
covariince (tiatricct, F = 1.38. P-0.15, u i d b o m o p ~  
iiy of variance at bticline (P- 0.645) aid 4 wee& (P- 
0.331). a d  no oulien. 

There wu a iignificant acamicm p u p  by time inter- 
auion, (E[l,l8) - 28.43, P < 0.0001). The * ofthe 
ulixn aifnificantly decreased aftir 4 weeks with THOT. 
but in& with sundard wound care. The THOT 
group improved by ~0.69 t 1.31 (SD); (mge 4.09 w 
4.80) an' pe: day, and SWC group wonend (-0.09 i 
0.16 (SD); range 4.05 to -0.48) cm' per dty.Ttiro wu 
a signifioult effect of stage, u qxaai, F(2.18) = 3.66, 
P- 0.046. Tukqi  H o d y  S i i i i u n t  D i c e  poÃ§ 
hoc cornpari~~lu showed Stage IV larger than Sngc XI at 
4 web (P-  0.044) aad uuguully 10 u basdine (P - 
0.082). However, A m  wÃ§i no significant intatctions 
with itigc. In patticultr, (he noiuignififant group by 
~ ~ g c  by time (P- 0.410) interaction showed &at A t  
group by QtW effect (inipiwemcnt from b d i n e  to 4 
wtdu in the THOT group) waa ftuiviJcnt won ulcer 
stage. Using the "irnptorwmcni pet d a y  panmeter, die 
single-ukct random ample (n - 24). THOT dan 
improved by a m a n  o f  8.97% (SD 14.94%, ongc 
1.63%-50.0%) per day, whik SWC u k n  
w>racTOllcnlÃˆiydb -2.50% (SD 5.16, rinp 47.86% 
- +0.89%) per day. hfann-Whimcy U tan comparing 
THOT to SWC glelq w u  significant ( P C  0.0001). 
TÃ̂bl 4 sum& ihc M i n u  punmctcn in Ac 
ulcer r i n d m i  ample (n - 24). 

Huliof of Juketk view. Twenty-one of 21 ulccn 
( 1  THOT outlier a~lded) we diabetic in tbeTHOT 
group. whik 11 of 29 ulcen in At selected d m  
SWC sample were diabetic. Ptarwn'a cbi-iquarcd corn- 
puing the frequency of diabetic k e n  in die THOT ind 
SWC group showed signifiandy hiia trequency of 
diabetic ulcers in the THOT group thin in the SWC 
group (/" = 0.005). There wu no difference between dim 

GrWR a, swc 

betic (main - t0.554. SD - 1.247) ad nondiabccic 
(mem - -0.030, SD - 0.303) necrotic ulcers in impme- 
mcnt pi &y, F(1.53) - 1.668, P - 0.203. The ttmment 
by diabetes interaction w u  alto not signifiwt; F(1.53) . 
0.84, P- 0.364. Thm, the treimcnt effect was similu in 
diabetic and n~ndiabctic pienu. D& of diabetic 
ulcers are summarized in Table 6. 

l+Uc e m  uulyvb, Logistic regreion 4 y -  

i s  vw performed mine iwatmcnt group (THOTt S K I ,  
ulcer Ã § q  (11. Ill, IV), a d  & k c  d+&s (yd, no) as 
caugorical predimrs of haling (Ã 4 weeks). Commit 
"tcroii wete nt up to cornpan hciling in S t q  I1 venw 
Sugc IV, and Soge (11 mu Stage IV liken. Honner- 
Lemnhow Gook-of-fit  it - 5.08, df = 6, P - 0.53 
indicated Ã ft0Ã§ fit. with expected ducs nor swifiant- 
ly different from observed values. Cox St Sncll estimated 
regreuion R' wu moderate, 0.53. The model cons& 
dlitifd 89.5% (fl of 57 ulms), witha cutpoint of 0.5 
predicted probability. Model d' io s l i a  showed three 
outlien b a d  on Z mid&. Scuterploa of levengc 
showed only one of these cue) with i luge leverage 
(0.3). Thee osfs included two Sup IV ulcers ind one 
Suge I1 ulcer in ft nondiÃ§bcti patient who showed rapid 
holing, wntniy to model p r d ~ t i o m  (all thite were 
tmced with THOT). Beaux  eliminating die case with 
the \*tw l w e q c  did nos change the ngnificuiu of the 
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Dcapitc the rcLrovdy amdl number of ulcen (79 
&en), wid 29 ulcers itttttd whh THOT. dlii study is, 
nevenhdc~,  imprunt. These numben reflect the prob 
1cm ulcer* treated at one medical cenwr per fual y ~ ,  

providing invaluable &ti for potenckky hi* economic 
cons should theft woundf be d ! d  to renuin unhokd 
or result in major unpurauonf or flap aurguies. 

Effect on wound h&e Kfpc*lot measures Ã§tuly$ 
of wianct on NWNJ 1%-amformed data on ulcer size, 
mprovcment-perday &n, s q e  improvement, number 
of ulcers haled, and logink tegreuion milysis of (he 
utegorical predictom of wound healing iupporc increased 
wound htiling of necrotic ulctti by THOT. All Stage 11 

and I11 wounds in the THOT group healed within 6 ro 
10 we&, aid 4 of 7 Sage IV ulcen within 16 weeks, 
which compares well with h e  poor healing race of dia- 
belie ulcers (25) and nun-necrotic prewue ulcers" 
reported by othcra. 

Effect m ugi# Analpu of woundbiopsy 
data aim show? signiflady i-d fottnttion o f  new 
blood v c d s .  luodJtcd with decreased collagen depot- 
lion, in -& tmted by THOT compared to contruli. 
The ability of THOT to stimulate angioecneiii in - - 
nccmuc woun& may be important in the ability of [hit 
technique to heal large and deep wounds in borh &abet- 
i u  and nondiabenci. 

Rational* for the puudve dxnpAUie r*n(c la 
wound The pmcnu of n e o v d a r i n u o n  
obitrvcd in THOT biopsy specimens is an indicarion 
that 1.004 ro 1.013 umosphera u x d  by THOT may 
wdl fit the criteria for Ac putative "thertptunc ru& d 
oxygen pieuum capable of illmutating wound healing 
in nectork wounds. Wthin the "cherapeytic rangc." At 
n m t y  formed blood veucli are otpccied to survive both 
repwfiuion injury and oxygen micity. In addition, topi- 
cal application of oxyien i t  this range hai been &own 
not to d c w e  TcPo,, and cansqucndy, is expected not 
to blunt die hypoxic stimulw for angiogcnaii. Became 
oxygen applied topically at this ranw fallt wtU below 
capillary p r a m  (1.025 atrnospherci). THOr, by uti- 
hint exoefliely low ox~fcn PIWIUK*. may tiso btnefit 
by not compromising blood flow in the apiUahu. 

.%la & No t w c  or u n t d  c t k ~  were 
observed during thia study with THOT h particular. 
thffc were no =pi& of c.w-infectin due to Ac dis- 
poubility o f t h i  equipment. 

k d v  Umlutioiu. The tack of a double-blind d e b  " 
is a limitation in this study. To ensure a double-blind 
design would have involved using hyperbaric air, which 
vw cofttnindicated in view o f  out p~liminiry qtMiC~vt- 
r i o ~  that tmtmcnt  with hyperbaric air at similar pm- 
sum k d  to wotscning of necroric ulcers. presumably 
fiom rcpcrfbsion injury (Heng MCY 1979, unpublished 
d i d  The author* did, however, ensure that SWC 
p-nu were treated in the moil comprehensive mmncr, 
including (I)  turning the patient every 2 hours by eÃ§ab 
lishing a charting regimen, (2) intravenous antibiotics for 
persistence of necrotic tissue, (3) adequate pressure-relicv- 
ing devices and low-tir-ion be& whenever indicitcd. and 
(4) establishing the same quality of nursing in char inc 



same wound nurses d d  the wouiula in h e  unie way. 
The unequal sample size in the  randomized group* 

may be mother limitation of thiu acudy, However. 
beuiue we compared THOT ulccts (omitting an outlier 
with very hit healing) with a dud random nmpk of 
SWC group, which did n o t  diffci from the nonsdected 
SWC wounds. At mulo support did concluioni uf 
signiflady gxatcr haling with the TOOT uciunw 
complied co notueICCKd SVC contioh. Moreow, 
because the &us in theTHOT group (ended to be larg- 
cr and deeper, with a grcxa proportion of Sage III and 
IV ulcen dun die SW wnrmls. du audios did not 
(cd dm the SWC group was iwccoarily ampiomid. 

11 MI been diought dm diinxing die hÃ§drocoUoi 
drCTtinp too frequently m y  bc deirimcna) to wound 
holing. The role of d d n p  if w nuinnin * mom envi- 
ronment without enhancing i n 4  neutmphii 
induced proteolylic activity in chc cxudftte. In mu& 

chÃˆ an not infected and grinulaung well (it, woundi 
with adequate blood a~ppiy) neuuopbib ace few and pro- 
c e o w  activity Ã§n d i e  arc luniced. Such w d  do 
well with hydlocoUoid dieuinfd which only haw 10 be 
changed infrequently. Wound> whh -ul ochit 
arc nearly always rofeticd bcmmc of lack ofadequate 
blood supply In nich woinda, bucuia and aeutrophil- 
fewud proieolytic a q m e s  abound in die inHunnuwry 
exudau. In such wounds, hydrocobid dictum promote 
bacceriÃ§ pmlifention, and if wed, xhouJd be changed 
frequently. For thil nuon. wet-io-dry d i i u  diciingi 
were preferred, purkuiariy in wounds with recurrent 
-tic nÃˆu and ibuixlint exudate. The saline I d  
chc viscosity of chi exudate and p(oRioted "mopping-up" 
of ibe pmtmlyric el izpa in the auktc by the pua& 
-. . .ie Assinq 'were changed a* needed, dÃ§peodi -i .Sc 
amount of d t c .  The &on avoided dcium a J $ ~ ~ t e  
dresiings in inffcud wound* beutue the iodine content 
of the s e a 4  dressing iggravated (he ncutrophilii 
rapoue induced by Ac b a a e d  infection. The inwti- 
gum did not UK wci-io-dry dine drcwinp in wun& 
with minimal exudate and widiout necrotic tioue. 

Pubophyd+y of iar t&ne fanouwa* Although 
the puhophysioiogy of icu k u c  fonnsion is uodcfif, 
inflammarory cywkinel w implicated. Fibroblni giowth 
factor (FGF) and plitdct-dcrii grow& factor (PDGF) 
are both micogmnu m cndodiclial cdli and fibroblam."" 
Thnc cytokina uc regdated by a family of cytolanei 
previously isolated from pktcleu, namely (ranifoiming 

growth facton, pÃ§iriculul chc TGF-$1 d T C f - f t 2  i w  
fernu. The TGF- I gene it upregulated in tissue injury." J . .  . om tmpltated in wound haling with 

TGF-p by in antibody mulu in 
wound holing without satring." T h e  TGF-ft3 iioform 
down-regulita TCF$ and TGF-$2." We have yn to 
dctenmne vrheiher che mMcamng ptopcrtiu ofTHOT 
are achieved Juecdy through supprotion ofTGF-pl and 
TGP-ft2. by At iijpxtguhkm of TGF-p3, or by at i rdy 
different m t d u n i ,  

h is uncftuin whetha uiBogenau u nimuld by 
THOT, or whether it u jun an unblwned W c  

rexporuc to hyfia. in whiib b i  veuÃ§ Â¥r d u d  to 

survive bid ffw became of unhindered capilbuy blood- 
flow and iddlnoiul proitcuon provided by the aavtnging 
of die oxygen fat ndiab. Aldieugh dÃˆ ue p d i  
dam the concept of using a n g i q u d  (and decicmed col- 
lagan dtponrion) to identify dx tinnprottt range doxy- 
&en presww for [rating hypoice wouitda id in intriguing 
concept and one dut coniribuce* TO bctra und- 
of buic m e c h u l i  in wound Imlinx. CTM 
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