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Tratmmt ofchrank wounds involves iwrventiom r a m g  
from dm&t@ to ,74@yp tiliiiUitiespiningpopuliinty in 
&icalsttlin~includetopiulhffshwv:~~fmandetettri- 
allstimulation. A orospectwe, MtcontroStd study was an- 
diwttd w obtainpTWttMWfyobservcitiwsand &taaboutthe 
effKOof~picalhwerbarKmy^~?>~~tispicalhyMr- 
& u i c c x f ~ ~  wdwiihcltctTMlstimulation onthehseling@ 
chmic wunds. AH s n t , ~ ~ t t  wpv eefwtw residents ofkng- 
teimcarsfai^litieswithStqcS3orSlayWpressureulccfs. 
Â¥SyituthyptrixOTtmyg wiwappfltddailyto thtwoundsof 
dght sutjecs; three ulu waved electrical sUmulatian. Initial 
mvuud sta mÃ p̂SjUttV 67.75 cm' W 7.M mf wish an aver- 
ag6Sacof30.S -t2.8.S(mewÂ±sd)cm'.Healingtimaran(r 
jmm8~49wcda,After4weeksofmntmwtwithtopiail 
fivperbaritacryn,woundsiwdttfWt^anmwrayof34.4% 
Â±12.99htimdmwSfykthtwouiultfflwofthe&hts 
dtcrmsed mom than 2096, for an a m q z  ofSj.896 1 17.9%. 
N a ~ ~ n t w f f c f t f w u i n ~ w e r e o b s t n w i b e r w a n  
ptialts mdving c%pxd telxrfaI* qp~~  alone and then 
naw'ving topical hype-baric qfailejaxrica! stimulstion. 
P t d i w  data indims that topteal hp&& oxygen 
fu-illtafal wowid hatlingandfull donneIV,p-~wre ulcfn if 
pftCTO w;th and withautiithtUs itielliins. A multicsnur, 
prospective, d o m a i d ,  dclAk-'ow annvlkd study is cur- 
d y  under way. 

, . 

T he incidence of chronic wounds, including prÃ§ 
sure ulcer*, diabetic ulcers,-venous ulcers, aid 
arterial ulcers, is iccnating at our population 

a@. The prevalence of pnewae ulcers hit been report- 
ed to be ae high M 11% in the h o s p h b d  population 
and 20% in Ae nutting home populaaon.1 The cost 
wodated with the treatment of theft wounds it &tug- 
gering md estinutcd to exceed $7 bilBon per year.' 
Chronic wounds are painful md may l e d  to a number 
of complications, including: duabdity, need for assisted 
living or home can, dÃ§pn$w>n IOM of digit or limb, 
infcctian, or death. The prceite of preaut ulcm 
increas~ the ask of death for geriatric putienu and 
nuning home residents lad increases the rate of mor- 
tility for hospitilaoj patientt.' 

Wound healing is a complex process, which follow a 
sequence of biochemical m d  cellular events. Thus 
events caa be divided into four ph ŝex: coagulation, 
inflammation, tKiue fcnnaaon, and remodeling.+' In a 
normally haling wound, aped1c cell typm art p r m r  
at each phase u particiiar biochemical reactions occur. 
When events leadiq to normal wound healing are dis- 
rupted by pathophysiologic or metabolic factors any- 
what along the highly complex process, chronic, non- 
healing wounds occur. 



Oxygen and Wound Healing 
Although the process of wound healing is well docu- 

mented, the chronic wound presents a difficult prob- 
lem. Any interruption of normal healing will result in a 
chronic wound; the disruption can occur anywhere 
along the highly complex process. Ditfereni-o between 
types of wounds may result in differences in the delay 
of the wound healing process. The most common 
chronic wounds are vascular (venous and arterial), 
pressure, and foot ulcers in people with diabetes, with a 
notable variability between wounds." Each type of 
chronic wound is associated with a particular wound 
environment. Mukier" suggests that delay in wound 
closure may result not from a lack of growth factors or 
other necessary components, but rather from the pres- 
ence of secondary negative signals and factors which, 
when removed, would allow closure. Each of the chron- 
ic wound types has complications associated with 
microvascularity of the tissue at the wound.' People 
with diabetic wounds often have micovascular disease, 
people with venous ulcers have systemic problems (eg, 
venous hypertension), and people with pressure ulcers 
have compromised vascularity. 

Lack of perfusion and oxygenation contribute to 
impaired healing." Tissue perfusion is critical to wound 
healing; insufficient tissue perfusion results in distur- 
bances of nutrients and metabolic function.' Falcone* 
found that the metabolism of the cellular infiltrate 
directs biochemical events of wound healing. The func- 
tion of macrophages, fibroblasts, and endothelial cells is 
impaired if local perfusion and oxygenation are limit- 
ed." Collagen deposition is directly related to oxygen 
tension; at oxygen levels less than 20 mm Hg, collagen 
synthesis halts.'0"2 Also, perfusion is critical for 
granulocytes to ingest bacteria and foreign 
bodies, and insufficient oxygen may lead to an 
increased bacterial load."'" 

Hypoxia (decreased tissue oxygen) in the 
wound space is a stimulus to angiogenesis, but 
collagen production in mature fibroblasts 
requires oxygen.*-"," Thus, hypoxia results in a 
delay in healing. Alternatively, hyperoxia results 
in faster healing." Angiogenesis is accelerated 
when oxygen in the circulation is increased." 
Hunt et al" showed that the rate of synthesis of 
collagen in dosed wounds is accelerated in 
hyperoxia. Pai et al" also found that hyperoxia 

accelerated healing and epithelialization in open 
wounds in rats. Other researchers have found hyper- 
baric oxygen accelerated healing in devascularized 
wounds." 

The premise for hyperbaric oxygen use is that 
increased tissue oxygen tension in the wound improves 
and accelerates resistance to bacteria, collagen synthe- 
sis, angiogenesis, and epithe1ialization."-la Siveral inves- 
tigators have shown that hyperbaric oxygen improved 
healing in chronic wounds.",'"' 4 

In 1943, the United States Navy began to use hyper- 
baric oxygen therapy for treatment of decompression 
sickness and air embolism. However, the chambers 
used for systemic hyperbaric oxygen are expensive and 
have potentially toxic side  effect^.'^' Topical hyperbaric . - 
oxygen therapy is an inexpensive alternative to cham- 
bers. Researchers using topical hyperbaric oxygen 
(THBO) have reported decreased infection and 
increased healing 

Electrical Stimulation and 
Wound Healing 

Several studies have demonstrated that electrical cur- 
rents exist in living organisms. Cells follow the path of 
the flow of current, referred to as the galvanotaxic 
effect. Use of electrical stimulation (E-Stim) for the 
treatment of chronic wounds has increased in popular- 
ity during the last several years." It is theorized that 
electrical stimulation augments the endogenous bio- 
electric system in the body."= The increase in the rate 
of wound healing with electrical stimulation is also the- 
orized to be a result of attraction of different cell types. 
Studies have shown that the migration of macrophages, 

explored the effects ofTHBO. with and without E-Stirn. on I 
pressure ulcer healing. 
Resuits of the controlled cli 
lowing the completion of 
if the findings reported 

. . 



T&d ftnerbaric oxygen therapy sacral unit. 

fibroblasts, mast cells, ncuirophila, and epidermal cells 
ii influend by electrical &ulation."-" Electrical 
tt-Lllulation also has been ihcwn to in- the prolif- 
eration of fibroblam and protein synthesis, w well as 
the growth of neurites." Each of these factors plays a 
significant role in wound healing. Rtrthtnnore, the 
tensile itiength of the collagen has been shown to 
increate with E-Sdm UK, thus, increasing tht strength 
of scar time." 

High-voltage monophasic pulsed m e a t  (HVPC) 
has been rtporttd ta improve blood flaw, decrease 
edema, u d  inhibit bacterial growth.- Several studio 
haw reported that HWPC augments wound healing."* 
Electrical $timulation it a standard treatment modality 
in the authors' &dlity, where previom &id work has 
shown HVPC to be a safe and effective treatment for 
liken.""- 

The efftcts of electrical stirnulath on cell migration 
and proliferation are important factors m its succasftil 
ast in healing woundt. Topical 9-c oxygen has 
also been reported to stimulate angiogencsit." The 
effect of using these modalitiei together, paiticubily 
die effect on rate of healing, are of great interest. The 
purpott of this prospective, uncontrolled study we to 
obtain preliminary data about the elfects of THBO 
therapy and THBO wed with E-Stim on the healing 
rates of chronic wound*. 

Materials and Methods 
Subject*. Participants in this study were &&nu of 

two fadlitiet: Manor Oak life Center, a 150-bed dolled 
nur$ing facility located in Bu&lo, MY, d oakwood 

Health Care Center, Inc., Williamsvilk, MY. People with 
a Stage I11 or Sage IV pressure uker that hid not 
rttpondcd after two ormore weeks of treakent were 
dipble to participate, Each lesion was wdu~ltd wing 
the Pressure Sore SW Tool (PSST) by the Uctwd 
ph@d therapist before participation and ewy 30 
day* theroftcr, until healed. Studict by Bated-Jouol et 
d*"' dtmonia-tted that tiae mean interrater reliability 
coefficient of the PSST it 0.91 and intnrater reliability 
ofpitctitioncra averaged 0.89 with &it tool. RxdUilon 
criteria included patiexits with ciidi-ic papmakeu lad 
wounds Othibinng ntoplmn. Patients or wounds with 
any diagnostic history of i neovlaam were exchKled, w . - - 
were wounds of susplclom or indeterminate etiology. 
Subjects selected for the study give informed consent 
and were migned an ID code to ensure confidentiality. 

The eight &cipm in the study included four 
mm &d four women, with an average age of 75.4 yiars 
IÂ 13.9, range 48 to 951. Three partidpanti had dta- 
betel dm. All participants were Caucadap sad had 
nonhcaling Stage III or Stage IV pressure ulcers that 
showtd no improvement or rciponsc to conventional 
treatments for at least 2 weeks. Sewn ulcers were locat- 
ed on (he sacral and one in the f f i !  area lone ulcer 
p a  patient). 

Ulcer site. Stage, support surface trot, gender, race, 
height, weight, age, history of smoking, diabetes, car- 
d i o w l a r  d h w ,  cancer, and other wound, and 
patient variabitt w e  noted in a database. The mdy 
and consent form were reviewed and approved by the 
Institutional Review Board. 

TrcttlDcnt. All wounds recrfwd THBO twice daily, 7 
day; a week. Three wounda a h  received Â£-Stun The 
wounda tlut aho received E-Stina w i r e  treated once 
daily, 5 days per week. Both treit-nents w m  adminis- 
tered by a llcemed physical therapist. The THBO was 
applied morning rodCTernr.$ w k g  a chamber with 
dispofable self-adhering polyurethane units <Advanced - -  . 
~y&rbtric ~echnobgies, Inc., FarmingdÃ Ŝe NJ.) (ice 

Figure 1). Padents rtceivtd (wo 90-minute treatments 
daily with 2L to 3L of humidified oxygen delivered per 
minute at 22 mrn Hg. The wounds receiving E-Stim 
were treated midday with E-Shm high wltage pulsed 
carrat (m) at 150 Volt.% 120 puiSM/second, and 
2 5 5 ~  puk-pair intervals for 30 minutea using a 
rnonopok nondlspersivc technique. The sttbjuh d o -  
sen to active E-Sdm were selected bawd on wound =ti. 
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ology, wound status, and assessed potential in ascccia- 
don with documented evidence-bascd use of E-Stim. 

Drtssingt. Dretsingt varied and included an adhe- 
sive dressing (Allevyn, Smith and Nephew, Largo, Pla)  
and saline-soaked pixie. Dressings were choten based 
on the immediate wound statui. Sillne-soaked gauze, 
when used as the wound k i n g ,  wu changed every 
shift to minimize desiccation and to minimize or pre- 
vest patient discomfort mociated with drtair.0 
removal. 

AssMsmeflt Each wound wu photographed weekly 
with a digital camera. The image$ were analyzed and 
measured using W MD Wound Measurement 
Software (Vista Medical Ltd., Winnipeg, Manitoba, 
Canada). This software, which employs a stereopho- 
togrammetry technique, has been shown to be more 
accurate and lew biased than linear m-menl or 
planimetry.'* The accuracy of the software provides an 
objective technique for wound evaluation, nhasure- 
ment, and (racking.'- 
Dun analysis. A Wil- Matched-Pain Si Rank 

Test was conducted to compare wound area initially 
and after 4 wdcs of treatment. A Friedman's nonpara- 
metric ANOVA wu u8td to compare wound areas at 
the initial, 4-week, 8-week, and final evaluation point, 
A f i ~  Whitmy U-Test win conducted to test for dif- 
ferences post-treatmot in 4-week wound ami 

between patients with and without diabetes. A Mam 
Whitney U-Test a h  was used to compare healing 
response! between patients receiving THBO treatment 
alone and patients receiving THBO and E-St*. 

Results 
POUT weeks of THBO treatment significantly reduced 

wound area relative to initial wound area iT = 1.0, n 8. 
P = 0.012. After 4 weeks of treatment with THBO. aver- 
age wound size bad decreased 34.4% * '22.9%. Ate- 4 
wtekt of treatment, five of the eight wounds decreased 
in area by more than 20%. with an average dewae in 
area of 51.8% Â 17.9% (ice Figure 2). Initial wound size 
ranged from 87.75 an' to 7.04 an%& an average size 
of 30.1 an' Â 28.5 cmz. Due to s m d  simple size. no sig- 
nificant differences were observed in wound areai 
between patienti with and without'diabetes &a 4 weeks 
of treatment (U - 4, P > 0.1). Although Aii was a small 
sample size, these results suggest that people with dia- 
beta may heal ai effectively as people without diabetes 
when netted with THBO. No significant diff6tCfica in 
healing were observed between THBO and THBOE- 
S l i m  subfccts, due to small sample size ,'U=4, P > 0.1). 
It is important to note that average baseline WM 15.97 
on1 2 13.3 on'. Six of the right wounds healed corn- 
pletdv. The remaining two wounds did not heal during 
die course of the study because both mbjeete expired 
due to unrelated medical conditions. Woundt exhibited 
significant docum owes the duxation (8 to 44 weeks) of 
individud treatmenti (x2r = 18.82, D-7, P Â¥ 0.0093) 
(see Figure 3). The two large& woundt, 52.64 cm'and- 
87.75 cm', were 100% hded at 22 and 16 we&. 
respectively. Hdling time ranged 600) 8 to 49 wtekt. 

The h^alin@ trajectories were similar for five of the 
wounds in this ttudy; of theat wounds, four healed 
completely dee Figure 4). Thew four wounds also 
healed in the shorteat period of time. The patients with 
the remaining three woundi had different h d m g  tra- 
jectorieÃ§ two healed completely. One of the two 
wounds Art did not heal during the COUIM of the 
study due to the atpiration of the patient had a trajecto- 
ry simitar to the four Attest healing wounds. ~ssessing 
the other nonhcaling wound trajectory is difficult. 

Discussion 
Electric current or charge has been wed to treat 

injured tissue for centurkP and the effictcy of high 



this percentage of healing."'" 
 obio on ct als compared wound 
healing trajectories between center* 
and found the trajectories of healing 
or lack of healing to be similar. The 
trajectory or rate of healing may be 
more Ugnificuit than the endpoints 
alone when evaluating the ef ikaq  of 
a treaticent used in healing. 
Monitoring the rate of wound heal- 

M M M M M M r a n t f m o  
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filntm 3 
Wound area comparisons throtttflout the study. 

voltage pukedcunent for the treatment of prtwure 
ulcers has been reported by a number of rwtiirche~s.".~ 

1n-thepift30watt,0therresearchere taw evaluated 
the use of topical hypo-baric oxygen for treatment of p a -  
surt ulcers, but wiy few have evaluated modern THBO 
sdmuxs."- HÃ§o a al" repontd significantly greater 
pccentagc, of healing, nits of healing, and capillary dtn- 
sity for nttrotic ulcot treated with THBO. The authon of 
the current study did not focus on necrotic ulcers, but tig- 
nificant decrrasa in wound urea were noted. No studies 
evaluatms Ac use of E-Sdm with THBO for Ae Inat- 
mnt of pre~urt iilctn have bttn reported. 

In thu-itody, THSO treatment s ip i6caady  reduced 
wound area after 4 weeks of weatmat. Specifically, 
average wound ske 34.4% after 4 weda. A 
limitation of this study is the lack of controls for com- 
pari~on.AlÃˆ0 the uÃ§ of a variety of dresihga may add 

, &ability, but for the scope of this 
project, standardizing the dreuings 
utilized was not possible. As a pilot 

Â¥Ã‘&- 

study, the data collected served as 
indicators that a larger, controlled -+-. m . 2  

study to furthcr evaluate the efficacy .... *... ;'Urn 

of THBO and THBO with E-Stim 
-4- -", 

for tht treatment of chronic wounds 
is needed. --*". rximw 

~everal tesearcbfra h im evaluated .......-. -fia 

the r a b  of heding and holing trÃˆ 
jeri-.'"* Clinical studies haw 
shown that uken that decreased 
20% to 40% inarea Ãˆftt 2 to 4 
weeks of treatment are more lhlY to 

- 
'**Â i q  may allow clinicians to more 

effectively treat wounds by recogniz- 
ing the progress or lack of progress 

present with a pirticular treitment and went. 
Although no cignScant differences in healing were 

noted between patien& treated with THBO atid 
THBO/E-Stim, &I interesting Ending wat the complete 
resolution of epibolm (rolled ova edges) in two 
patients. Often in cues of cpibole, clinical reduction of 
the edge* of the wourd u necessary to the nonnil 
p r o m  of epithdialization can continue once the pro- 
liferation phase (granulation) has caught up. Typically, 
reduction can be done surgica!k,# (debridemeat) or with 
phannaceuficals (silver nitrate). The reduction of the 
cpibolt in the ttudy wounds was complete with the use 
of THBO/E-Stim sad no farther intervention. Thw Ã̂ 

unexpected but beneficial effect of the THBOIE-Stim 
tifatmeat was the reduction of epiboles. Further bud- 
iu will be neccsnry to evaluate this apparent side effect 
of treatment with combiaed THBO and E-Stim. 



Conclusion 
Baud on thee preliminary findings. THBO is a 

promising modality, but filrthn reseÃˆrc is needed. The 
initial results for THBO and THBO with E-Stim indi- 
cate significant chmga in wound area, but the differ- 
ences between both treatments should beevaluated 
Also, the efficacy of both treatment$ when used in peo- 
pk with and without diabetes needo farther study. 

Comparing findings studies u often orttenady 
difficult due to differences in outcome nwasumtnt. 
methodology, and analyset.'""' Clinical studies for 
evaluating chronic nonhealinj wound* represent a 

major dulleoge becaust of the extreme heterogeneity 
of the patient population." Cilronic, no~healhq 
wounds can be a result of a variety of conditions, and 
the healing rate am be affected by a number of vari- 
able, including nutritioiul status, mtdiution, compli- 
ance, support ~urfacc, drexingi, and modality." In the 
ideal study, ill paritnts would haw the same type of 
wound, same location, same medical history, and all the 
patieate would be in a smelly controlled envimnnknt 
for the duration of the study. RctliaBg the impoKiblli- 
ry of such a study, multicenter, proÃ§p<cftve random- 
ized, double-blind controlled studio with larger num- 
bers of iabjecti are ncceswry to definitively evaluate 
the vSect of THBO on the healing of chronic wounds. 
As a result of the L-tifial findings of this study, a mulri- 
center prospective, randomized, double-blind wn- 
trolled study will be undertaken. - (MM 
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Would you know bow to treat this wound? 
(SwrtMÃ§kDMUdosOrPofariuiPnmnItaMmmk~dmtekiM. 
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