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injury. This study evaluated the effects of adjunctive HBO therapy on functional owicomes in nine military dependent
dnldmnmﬂ:wkahumnymmdu&anpmdm:damﬂtheopnmnmqu Baseling and serial
mﬁmomwmgmzdnpleﬁmmmudnmmshowdmpmvenmmgmmotorﬁmcnon(mdrmedmalmof
custodial care in the children with cerebral palsy (CF). Early intervention with HBQ therapy seemed 1o effect overall

improverment. Mmﬂmmmmbwqf#aﬂmmﬂmnmmwde@mnaimummaﬁsnmmmiwthemdq‘ i

-_thestwiv

Caehalwxmcmmﬂtmsevaemtalmd
phymcalduﬂnhhe&lh:smﬂtmlmmmycames

- inchuding near-drowning, carbon monoxide poisoning, and -

cardiac amest. Medical conditions associated with anoxia

inchude stroke and CP. Anoxic brain injuries in children

unpressﬂwdevmnmnotmlyonmeaﬁhctedcm&dbm
- also their family. Currently, the only treatment options for
- children with such injuries are supportive and palliative.

Most children who: suffer an anoxic brain injury are left

mmhﬁﬂmgdlmbmmmmmemmmdmm

rnmluple m-mnrbrd comirtms such - ordaope:hc

- Cerebral palsy is a collation of diverse symptoms of
varying etiologic and anatomic types- affecting the motor
- system. The motor disorder is categorized by muscle tone

(spasticity vs hypotonia) and  anatomic involvement -
(diplegia, quadriplegia, etc). In addition, there may be :
.pasttombmnmjm Recently, there has been a

- growing intercst in using HBO therapy 1o treat children
- with CP, There are a multitide of anecdotal reports of
* treatment Success using a vaniety of protocols, A review of
- the literature ﬂmuﬁedmﬂymobjecnvesmdywhmh'_

.mmalmaxdanon,epﬂepsy andabnmnalmwdwh

hdapr ‘causes mclude hamn'hagc ofb ﬁagdc bram
vasculahseamihypoxxc—rschamc' Y ‘_"

; nnmﬂeﬂymgnwdmxsmﬂmdevelepmuof"
brain injury due to ischemia are complex.? Following a
globalmsult,caabmlperﬁmmmdoxvgenavmlahmym e

relief “ of “hypoxia, - improvement ‘in-

'wdwed.Howeva notaﬂarmsefmebmnamequ

aﬁected.Whmcnnealﬂowﬂ\mlmldxsmhed,maexs

,,cssaumofmai electrical activity and failure of ion
‘homeostasis, causing ireversible celfular damage’ In the

&mmmngmofummaﬁ‘ectedbyhypuxaﬂm
is sufficient oxygen for cells to maintain jon pumping
mechanisms and cellular integrity, but not enongh for
them to gmﬂau: action -potentials and - function as
neurms mmnca}pamnetermallcmxsnmg

-spasticity, seizures, and a myriad of physical deficits. As
- most of these disabilities- are chronic, dmymemetmﬂ:

’Iheeﬂ'ectsafHBOm hypoxxc bmmtumemcim‘

ki obebil - cfeiis il - improed: - cirobiid

metabolism>* The HBO provides the stirulus necessary
" for a retum to: normal cell functioning in those areas of -

suppressed - nieuronal -activity. As a result of ‘improved

vrmmulaummﬂmmmpmmmvmowmc

mnmmmyhmwmmmﬂywedmthe“

sinwedmmvm;tmrmtorﬁmuonmdspmcnym'

children with CP who were treated ‘with HBO The -
}pmposeofﬂussmdywasmfold (l)todetaumexf'

adjmmnveHBOﬂmapyrmpmvai ﬁmcuona! capaclty in
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S’ub;ecfs Nmevoknma'mhjectswlﬂiahlmyof'

“od d in this study. Eight of
"ﬂnmwsmdvm‘yh\gdegwof@mﬁmwasa
near-drowning victim 1 year prior t starting treatment.
The CP subjects consisted of 1 boy and 2 gitls with spastic

.chphswboysmdlgmwx&xmqwnpmmy 7 s
’ i L G hor aiction mmmmmmw
detectdmgesmgmssmmrﬁmuonmdnhmwﬁp
CP? The GMFM is an observational measure that.
.esmnmﬁnmmﬁvem lying and rolling.

» ’szﬂgectsmeAym(m\g 1.0%0 16.5 years). The near

drowning subject was  5.6-year-old female. Potential
. sub;ectswa'elumtodmc}nldtmagemmdolda‘whu.
facility.
;:»:'Exc!mmmwedmabdnymnmmadeqmg test was ‘administered fo all subjects primarily by a‘
-_.mbmwmhdmwﬁmmmﬁwmﬂy

were- eligible for care in a wilitary medica

 oxygenation without assistance; history of recent thoracic.
mym,mdmmaﬂmapmmﬂmﬂmy
' ,atxiagekssthmu?mﬁhs. X

= mmmwwmmwmmm'

evakmdue 1o diffieaity maintaining adequate oxygen

- saturation levels. One subject was removed from the study

m«SGHBOmmwm}hedwebw“evm

m 'mw during the' wudmevmm

ia. Thenmagcofﬂr&(;‘?f

 Children (WecFIMD, videoe:eam,?tt—hmﬁmemmxte»

mﬂﬂqmmmaﬁmgbﬁmnmm-

computed  tomography (SPECT) scan. ‘Testing was

repeated every 20 treatments (o the end of the study except

for the SPECT scan and parental questionmaire which

were completed at- 40 and 80 treatments. The testing
;mcedm’eseonsnsledofmefoﬁomng.

crawling and .|

,sitting, - standing and walking, -

'ﬂmwﬂmm;mmmmaw

scale: 0 = cannot initiate activity, 1 = initiates activity, 2=
pmuﬁlycmpmmw!y,?} “completes activity. This

: ;Smsuag:l;evel Spastmywasevmmedmme* j
l\rti’ssyma}lii:‘umx!mrmues9 Spasticity was graded on'a 0
m4mhmﬁ)0bmngwnmmnmlemto4-'
being limb rigid in flexion or extension. Eval  WeTE
dmwbydmmmubgmmmwﬁmm&ﬁhﬂd*

*nwdmuandnxﬁsbm\m;pmhﬂ:mmﬂ\e i v

Procadmw The ptwedm R)liowed were in

14 Army Memnmepmmenuuumu : :

".'»mmmml Rmﬂ,"»gam”ofhmm m ; m‘j_mmmongmmnmmm
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: pmodwasdamnmedtobethclmswamblemweeldy
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- cl/ideoAmem Sulgectswemmcmdedmwdw-i

tape to document the motor disorder to include extremity.
range of motion and gross motor skills (for example,
* rolling, sitting, crawling, standing, walking, reaching). An
initial session was. doneé prior 10 HBO treaphent and then

after every 20 treatments until the end of the study.

- Investigators mmlyzndthetapesmﬁwaldofﬁwﬂudyar\d

racmdedclmgcs

Data Aanalws “For data amiysxs, cach subject'r

: ‘sa'vedashlsar her own contro] by using pre-treatment
' mmﬂwb&selmtbrmnmm%awuemmmed._
“at 20 treatment intervals looking for trends and statistical -

significance in those trends. The Friedman maiched .

“groups signed ranks test was used to. determine im-
_provemient in patient outcomes as a function of number of
treatments. The ‘analysis was applied: for each of the

scparate areas of the GMFM, MAS, and WeeFIM tests. A

one-way repeated measures analysis of varience was used

10 assess differences in care-taking time. To illustrate the

" effectiveness. of . HBO treatments, raw- scores - were

e Questionnaire.  An. &-item -questionnaire _ was

msu-ibmedtomepaxmtstoeompletepmrtomnngv»
 treatment and following 40 and 80 treatments. The

2 c;zmmmmuwludcdmetoliowmgwegm& (1) sittng

am clmr (2) sitting on floor; (3) crawling; (4) walking; (5)
reaching forholding -objects; (6) eating; (7) -personal

o hygaenevbah and; (8) communication. A 5-point-scale -
i "dmnbedmmwhaCPmﬂywasmedtomeach;
item. The scale ranged from 010 4 (0 = totally dependent,. .
. no participation; 1= partially dependent, participates b"‘auuﬁs
- requires constant help throughout the activity; 2 = partially '

‘dependent, nceds help -only to finish activity; 3 =
m&pmdanwnhso:mfmnotmdorwnpmsanon 4=

~completely independent). There were five additional yes/
~ - no- questions that addressed changes in - sleep paitern,
. bowel -or bladder paitern,  emotional  state, muscle

‘spasticity, and medication use. Pmmlsmaboaskedtok

o hstallc}mgmmteddmngmm e

o Functional Imagmg A Tc-HMPAO SPECI" scan

"’.wasomupietedmmhstlbjectmormleOmm"
- and following 40 and 80 treatments. The SPECT scan
v'showsbmmﬂmchonhasedmmtakeofﬁxemhoaetwef
. “tracer - documenting regional - cerebral blood flow. A -

* radiologist who wasbimdedfoﬂ\echmcalwmmﬁﬂﬁj(wlv 8%) compared o the older group (mean=5.2%)

; : Mﬂnswmnotstaﬂamﬂys:guﬁmt,%:}
Hwbmw()z;gm?herm Allsubgectsmved* .

Somts in’ @ 12-person multiplace hyperbaric
' ctmﬁa*'l‘heﬂBOpotocolmlOﬂ%oxygmatl?’

ﬁudymwewedﬁlem

- atmospheres absohite (ATA) for 60 minites. The
‘treatment. schedule - was: once. datly,,Mmday

" Friday for 4 months. The hyperbaric. chamber was
- prmmzedwxﬁxmrmdﬂmpaﬂuﬂsmwedoxygmma

converted 10 mean percent of maximum performance for

each-measure and percent change for every 20 treatments

relative to bascline. Analysis was performed on the seven
CP subjects as a group, while the near-drowning subject

‘was evaluated separately. The near-drowning subject was -
,mﬂyzndsqamtdysmnwasdaanmmdmme:
-specific type and severity of her injuries placed her in a.
sepmawpop;ﬂaﬂm

'IheGMFMmmdaﬁxrwchmbjectmshuwnm v
Tablel The average improvement in total GMFM score -

—-'ﬁumpre‘mmtowhmmmnma}was |
- zero-20= - 26.7%, zero-40 = 45,6%, zero-60= 48.0%,and
“zero-80 = 58.1%. Figure | slmﬂ:eperthnmove—.
“hent from pre-treatment for each of the functional areas:
(l)lymgmdrolhng;&)mwtmgandlamhng; (3)sitting,
~(4) sanding; and (5) walking, running, jumping. The
- largest gains generally occurred at the first 20 treatments,
;;’Mﬂwom!medumovmmmemdofﬂlesmdy In
~analyzing each area: scparately, significant (P<0.05) -

,anxovanmtswemsmwn!brmme,two,ﬂm and
five. Younger subjects showed greater improvement:

Spwmttywasevakmedmhoththeuppami]owq

";exmmofdlmeectswngﬂwMAS(TableZ) No -
_-change was' seen md;emqmtyofsabjects()neofﬁxe]
“younger children showed minimal improvement in the -
j;vbwa'mzumt:es, vmﬂemecfﬁseoldasubjeashad an
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 Table 1. Individual Results for the GMFM Test
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' mauwmmauawwwd o

Tabk3smmmmd1uvahmhmofhasnchmgmd*
,ﬁmcuoml dalism\gﬂic,_, fecFIM. Thegmpasawinle

 Percent Improvement -

.mnems Thelwgastmnwolved looonmmﬂalls. _'
—'_-’buttimwaemtsmsmllyagnﬁcm C

Table4stnmﬁseuiaimpm'mts q;aupmwding}if

s calefmﬂleuclnkidxmga%hmn'pmod.i‘heovaau,'
- results indicate-a significant (P=0.03) reduction in the
~amount of time required: The biggest gains occurred 3120 ©
4" treatments, with the general trend continuing s more
'umrmwmadrmnmdﬁowa’amaEmluger :
" individual -variances ranging from 43.9% more. time -

needed to an 81.9% time reduction at 80 HBO treatments.
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Table4 MMMQ’MW@M) leéag(fwzmaﬂ—ﬂwl’awd

Twoofdwmvmmmedﬁrma zmgedﬁmnmwu wx&xmmymﬁm'
the end of the study. Four subjects (57%) had some ’ Most 1 ents occurred by 40 HBO
improvement in range of motion; with no improverents mmmmmaﬂymchmgemm
beyond 60 HBO treatments. All three subjects ini the older mofpasmdhygewﬁnlemsgdaﬂswmm
~age group demonstrated improved range of motion. Three zmpmved. ‘ -
subjects (43%) displayed improved gross motor function: , : . -
All three were in the younger age group. The videos were ~ Parents pwided -additional  information by -
jmedasmx:hmgadibrﬂlcmmngmm & ~answering the yes or no portion of the questionnaire.

: * Sleep pattems improved for two subjects while becoming
- The results of the parent questionnaire are illustrated  disngyted for two others. Two children began having
n Figure 3. ﬂwavawgemfbrﬂmsevmmm Whowdmmmmmgmsmisoﬂms;
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- Fig3, Responses ofpmwzoanmwm B

bemgchsconﬁmzedfomneofﬂmnAﬁerZw3wedcsof
- HBO' treatment, two of : the subjects ‘experienced
‘pasmmhtychmges,beeonnngmennmbkmdlms
tolerant. These changes resolved affer 8 to 10 weeks of
- treatment. Five parents also reported 2 decrease in muscle.
'.qmmtywdumxuvedrmgeofmonmmﬂmclnid,
;whaleonepmmttqamadmmedspasucﬂquwmgm
" increase in - medication. Overall, parents - indicated
mmdmovanaumﬁmdul&m&mughﬁmmd
,ofthesmdy A _

. Parents repmedomer ovements that were not
;v;memzed in-our assessment. Three clnldten mmved,
'mﬁrab:htyﬁoswalbw,ﬂlmwngmwhavea e

vatiely. of liquids. and foods: “The two subjects: willi - change: T
‘,,mhadammmsevmty,mﬂthcnmgnm . subjects

»mma&gectmohred&wdﬂdwln’ yeri

bermemofé:awxmgm"

llquestions, pre- nd posteameni,onthe questonndire.

'Ihs:stheﬁrslswdytocoﬂmtsmaldamw»

- objecnvely evaluate - the effects of adjunctive HBO .
4 Mnaﬁﬁ)rduldammmmwxwh!mnnym&irv'
i subjects continued their routine therapy in addition to
 ‘receiving HBO. ‘In the CP group, progressive

improvements were noted at each of the measurement

~ intervals. Even with the small number of subjects, our

findings demonstrated * statistically - significant improve-

" ments in gross motor- function in four of the five areason

“the GMFM test and in the total time spent by parents

providing childcare. Additional improvement trends were

rxxedmﬁnmonaldnlismme\ve@ll\dteamdmﬁw
pamxthmommmms £

Themdmmgmb]ec!wasambmdsepmtely{f

becwsememechmsnoﬁmmyxssxgmﬁcmﬂy(ﬁm,.- ‘

from the CP subjects. Prior to injury, this subject had no-
obvious decrements in brain fimction. The acute, prolonged-
hypoxxceventmdwdmalargemmofeeﬂuk @mgei k

3 mﬂlmumnalmmHBOnemm

The pm:a:ycmwn was mjm‘y (bmﬂalm)tomc -
nnddleworsumdmtodﬂiymxetomt

Pﬁmmwmmv -

: Medtca!attﬁﬁuﬁsmmdMMyMwﬁdmm; -_
- frequent . illnesses ‘remained - healthy - durmg HBQ

 treatment. One subject had complete resolution of a grade -
' 3vesnmetaalueﬂme,mulmgmwm!lmmofher-

“equalization ~ techniques  and chamber
ptmwmmwvscbsdymmomdmpmﬁpmbm:.
_-.Ammm(nATA)mﬁmstmmuef

" walkin o | = t‘he’ e e R

nmamum meoftbm-ckmgﬂnma\ﬂy Iniial : )
‘WeeFIM total score was '1.7% of maximum, with nio - - multiple procedural problems
rr'mmmﬁmﬂmadofumtmma study.

' EM*'Amaéncucm in towl qum

"‘ca:ewmga

+ improven m_mngeofnmﬂmﬂmuglnnﬁ:emy oo Boigeti

s ppaion 19
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m;eenon and ‘scan time Duc fo_ unforeseeable eom-;
' phcamnsmlawdtokevdmﬁmmmcmnehemm{
tracer “dose and scan varied from 20 to 60 minutes.
- Although ‘multiple scans demonstrated improved brain
blood flow; the procedural mmstamapmhtbuedm~;

: -»faccmaﬁes{answalanaiysmofﬁxedam

ThmﬂnmmmﬁwG&ﬁMmm

A 24-Imr time mmmmmt was. an adémonai e
,.fobgec&vemlmadtomnnpmvmt?amnsme
given a stopwatch and told to activate it each time they .
provided care for their child. Total time was recorded for -
two consecutive 24-hour periods, Testing was conducted

only on M&&mmvammny Asﬂ\ewb;ccts

___-.v.ﬁmmmﬂwdalkmv@,wemwseea 5
- reduction: in time demands on parents. Significant
' comdaedmmpmvmﬁaﬁamﬁ%kmnm The .
- -G3MFM igst has been validated as an accurate assessment
. of gross motor function in children with CP.® Since the
- subjects continued physical and occupational therapy

dtmng owr study, some measurable improvement was
- expected. Two previous studies have. documented im--
- provement of 3.7% and 7.0% respectively in GMFM -
: ,mfoﬁowmgmephysmlﬂwywmaétosf
month period.>"* The subjects in-our study received HBO

mhmswmmﬁedmmmwfmmbpcts,mﬁm

- timesaving of 1%« o 6 hours per day. Although the sizeof
- the time reduction may be affected by a parent reporting.

bias, a time savings did occur. Parents indicated this ime
savings was important because it provided additional time

- for other family members and issues. As expected, larger
»-mmﬁmcmmmmwdmrm %

'Mymmmmmmm

 treatment over a 4 to 5 month period with improvementin ~~ There

“mlmeof%?%aﬂ()wﬂm,mmssi%atm “age.

; '?Iikeiy due 0 a &

wxﬂx_ ﬂ'ns tool Test mhaixlxty has been e

¢ tha‘n mpmed This i is nmst-':: any . pessist
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therapy may improve functional capacity in children with
CP but not near drowning when treatment is delayed.  We
were uniable to identify an optimum number of treatments,
since improvements were noted to the end of the study.

We recognize that there are several methodological

limitations to the study that include small sample size, lack
of a control group, and potential observer bias. In addition,
we do not know the long-term effects of this treatment.
Further rescarch is needed with large patient populations
and follow-up studies 10 determine the true potential of
%Ommhdnkhmmﬂxwdmlmmmury
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