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Rev iew bas ic  oxvgen t ranspor t .
U  nders tand hvperbar ic  oxy 'genat ion  (  H  BO ) .
Present  mathemat ica l  mode ls  o1-  ox \  gen d i f t ' us ion .
Unders tand the  admin is t ra t ion  o t '  HBO therapr . .
Rev iew the  pharmaco logr  o t '  HBO therapr .
Unders tand the  app l ica t ion  o t '  HBO therapr  in  c l in rca l  med ic ine .

Introduction

Hyperbar ic  oxvgen therapr  (HBO)  cn ta i l s  the  ex-  unders tand the  ra t iona l  bas is  o f  oxvgen t ranspor t
posure of  the whole bodv to increa\ed atmospher ic under hyperbar ic condi t ions and the cl in ical  use of
pressure.  usual ly between 2 and 3 atmospheres. whi le hyperbar ic medicine. A var ietv of  d isease states are
breathing pure oxvgen or O.-enr iched gas mir tures.  amenable to ei ther pr imary or adjuvant HBO therapy.
The exposures are usualh pror ide d inside pressure- These include: intravascular gas, or bubble-mediated
resistant hyperbar ic chambers.  \ ' lodern H BO therapy diseases, toxicosis,  acute and chronic infect ions,  as wel l
is  based on precise physiologic pr inciples.  The goal  of  as acute and chronic ischemic processes. The avai la-
th is chapter is to supply a rat ionalc t 'or  the rndicat ions bi l i ty  of  low-cost monoplace chambers has made hyper-
and l imi tat ions of  hyperbar ic oxr gen therapv. bar ic therapy accessible and af fordable in many cl in ical

The physiologic pr inciples ot 'normal oxvgen trans- set t ings.  Thus, hyperbar ic oxygenat ion wi l lcont inue to
port and diffusion at I atmosphere can be extended to be a growing area of medical research and practice.
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Alveolar and Tissue Gases at Different Pressures

U nder  normal  baromet r ic  cond i t ions  a t  sea  leve l .  a i r
i s  inha led  in to  the  lungs  where  i t  m ixes  w i th  the
normal ly '  p resent  water  vapor  and a lveo la r  gases .  The
oxvgen t ranspor t  cha in  thus  beg ins  w i th  a  p ressure
grad ien t  tha t  con t inues  f rom the  lungs  to  the  ce l l s .  I f
one ignores t race atmospher ic gases. the alveolar
par t ia l  p ressure  o f  oxvgen (PaO:)  can  be  ca lcu la ted
f rom the  a lveo la r  gas  equat ion :

P . O : -  P h -  P H , , ,  .  F r O :  -  P \ C O , .  ( F , C O . - ( l  - f r o r )  
)r l \ v -  

R  I

W h e r e  P b  i s  a t m o s p h e r i c  b a r o m e t r i c  p r e s s u r e
(normal ly 760 mmHg at sea level) .  Alveolar COz
par t ia l  p ressure  (P"COt)  can be  assumed equa l  to
ar te r ia l  (P"C02)  as  carbon d iox ide  read i l v  d i f fuses
t h r o u g h  t h e  l u n g  p a r e n c h v m a .  R  r e p r e s e n t s  t h e
resp i ra to ry  quot ien t .  i .e . .  the  ra t io  o f  CO2 produced to
02 consumed in moles.  or  r .  o lume ol '  gas evolved. at
s tandard  cond i t ions  (STPD) .  A  t r , 'p ica l  hea l thv  70  kg
adu l t  ma le  p roduces  200 ml r  min- r  o1  CO2 and requ i res
250 ml  o  min- r  o f  oxygen.  R is  then erpressed as  a
d imens ion less  ra t io :

* _ C O , P r o d u c t i o n  _  2 ( X ) l n l  . n t i n t _ f t  
! <

O,  Consumpt ion  2-50  nr l  .  n t in - l  " " '

F1O.,  and FrC02 are the f ract ional  concentrat ions of
insp i red  oxvgen and carbon d iox ide  respec t ive ly .
Assuming that the subject  is  not rebreathing any
exp i red  gas .  F1CiO2 con be  assumed to  be  zero .  pn ,u
accounts  1 'o r  the  water  vapor  p ressure  w i th in  the  lung
and is  normal ly  47  mmHg a t  the  normal  body  tempera-
tu re  o f  37oC.  Th is  va lue  is  nor  a l te red  s ign i f i can t ly
when P;,  increases to 3 atm absolute.  paCO2 is usual ly
c o n t r o l l e d  a r o u n d  4 0  m m H g  o v e r  t h e  r a n g e  o l ' l  t o  3
a tm absc l lu te .  The a lveo la r  gas  equat ion  can there fore
b e  s i m p l i f  i e d  t o :

P\o-=  l l . - J7 ' [ ' rO .  ( ry )
\  0.13 I

B a s e d  o n  t h e  a b o r c  l o r n t u l a .  t h e  n o r m a l  a l v e o l a r
par t ia l  p rcssurc  o1  (  ) \ )  gcn  a t  \ r -a  Ic r  e l  can  be  ca lcu la ted
as  appro . \ rn ra tc l r  I ( )0  r ln tHg.  I  he  same I 'o rmula  can
a lso  be  app l icd  t ( )  cn \  i runrncr r t \  \ \  herc  P ; ,  i s  inc reased
t o  v a l u e s  l a r g e r  t h a n  l a t n r t t s p h c r e  a b s o l u t e .  o r
hyperbar ic  enr , i ronr lcnr :  I  l i u : .  a t  , l  a tm abso lu te .
P r O :  w i l l  b e  a p p r o x i m a t c l r  l l 6 J  n r r n H g .  F . 1 ' l e c t s  n o t
t a k e n  i n t o  a c c o u n t  b y  t h i s  l o r m u l a  a r e  a t e l e c t a s i s .
in t racard iac  r igh t - to - le f . t  shunts .  and ar te r ia l -venous
s h u n t s .  

. l  
h c s e  t e n d  t o  d e c r e a s e  P o O : .  A n v  v e n t t l a t i o n -

to -per fus ion  n t i s rna tch  w i l l  a lso  tend to  decrease
ar te r ia l  oxvgcnat ion .  . \  normal  dec l ine  o1 '  p .Or  w i th
a g i n g  i s  a l s o  c o m r n t i n l r  o b s e  r r c d .  

- f h i s  
r e l a t i o n s h i p

h a s  b e e n  u s e l u l l r  n t o d e  l l c d .  i n  r h c  s L r p i n c  r r o s i t i o n  a n d
i n  m m H s .  a s : r

The next step in oxygen transport .  f rom the pul-
monary  cap i l la rv  to  the  per iphera l  ce l l .  i s  ma in lv
dependent  upon c i rcu la t ion .  Under  normobar ic  cond i -
t ions .  oxygen t ranspor t  w i th in  the  c i rcu la to r r  beds
depends upon the  revers ib le  b ind ing  o i  hemoglob in
with oxygen. This ef fect  is  represented br the orvgen-
hemoglob in  d issoc ia t ion  curve  (F igure  I ) .  Typ ica l l v ,  a
r ightward shi f t  in th is curve is associated with an
increase in the del ivery of  oxygen at  the t issue level .
This is observed with increases in temperature.  2,3
DPG (2,3 diphosphoglycerare) content wi th in the red
b lood ce l l ,  and  by  a  decrease in  pH. r  A lka los is .
hypothermia,  and decreases in 2,3 DPG are associated
with a lef tward shi f t  in the dissociat ion curve. This
shi f t  tends to decrease oxygen del ivery at  the t issue
level .

The degree of  r ight  or  lef t  shi f t  in the oxygen-
hemoglobin dissociat ion curve is def ined by deter-
mining the PuO2 at which the hemoglobin is 50%
saturated with oxygen and is known as p5s. As p5s
increases. the af f in i ty of  hemoglobin I 'or  oxygen wi l l
decrease.s.a Saturat ion of  hemoglobin wi th oxygen
(SaO2) ,  can  be  empi r i ca l l y  mode l lec i  us ing  the  H i l l
equat ion :

u_

SaO,
(P rO ,1 , ,  +  (Ps , ) ' ,

The dimensionless constant n takes on a value of
approx imate ly  2 .73  wh i le  Pso is  normal lv  about  26 .6
mmHg.  As  no ted  prev ious ly ,  Psg var ies  w i th  pH.  2 .3
DPG, and temperature but is unaf l -ected by atmos-
pher ic pressures of  I  to 3 atm absolute.  Each molecule
o l  normal  adu l t  hemoglob in  can revers ib ly  b ind  up  to
four  mo lecu les  o f  oxygen.  Each gram o l .hemoglob in .
when max imal ly  sa tura ted .  can  car rv  approx imate ly

I  00%

Percent Hb

Saturated 5091;

with O2

0%
r 00

Part ial Pressure ol O2

in  B lood [mmHgl

Figure l .  The oxyhemoglobin dissociat ion curve. The
solid l ine represents normal condit ions whereas the
dotted l ine indicates a leftward shif t  and the dashed l ine a
rightward shif t .  Left and r ight shif ts are associated with
lower and higher Pru values, respectively.
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C a O . ,  =  1 . 3 . 1  .  H b .  ( S a O , )  +  ( . 0 0 3 1  )  .  P , O ,

Boutul to Hb Di.ysolyetl in

I) lUSnlU

00

I  .14  rn l  u1 ' , ' ,1yge f l .  A t  one a tmosphcre  pressure .
s m a l l  q u a n t i t v  o t ' o r y g e n  i s  n o r m a l l v  d i s s o l v e d
p lasma.  Quant i ta t i ve ly .  th is  re la t ionsh ip  can be
sented  as :

Hyperbar ic oxygen can thus increase the oxygen
carry ing capaci ty of  the blood signi f icant ly by increas-
ing the amount of  d issolved oxygen. Table I  sum-
mariz-es the relat ionship between atmospher ic pres-
sure .  a lveo la r  par t ia l  p ressure ,  and the  resu l t ing
a r t e r i a l  o x v g e n a t i o n . 6 . 7 . 8  A s  s h o w n  i n  t h i s  t a b l e .
b rea th ing  1000/c  oxygen causes  ar te r ia l  PoOz to
increase from about 600 mmHg at I  atm absolute,  to
approx imate ly  1864 mmHg a t  3  a tm abso lu te .

At the t issue level ,  the di f fusion of  oxygen from the
per ipheral  capi l lary can be represented using the
Krogh mode l .e  Th is  re la t ionsh ip  i s  based on  an
assumption of  a radial  d i f fusion of  oxygen out of  the
capi l lary.  Figure 3 demonstrates th is overal l  increase
in the di f fusion distance as a funct ion of  increasing
part ia l  pressure of  oxygen. The greatest  l imi tat ion to
t issue oxygenat ion appears to be intercapi l lary dis-
tance. The Krogh equat ion (and other models of  02
di f fusion t t t ;  has great ly aided understanding of  oxygen
del ivery wi th in t issue:

o n l v  a
in  the
re p re-

v

v

where  CaOr  is  the  to ta loxvgen car rv ing  capac i tv  o { ' the
b lood and is  measured in  ml  o f  gaseous 02  per  dec i l i te r
o f 'b lood (ml  o  dL- r ) .  Whi lc  the  d isso lved I ' rac t ion  o f
oxygen is  smal la t  normalenv i ronmenta l  p ressure .  i t  i s
th is  component  tha t  u l t imate lv  i s  respons ib le  fo r
establ ishing a di f fusion gradient between the blood
and the t issues. 

- fhe 
O. dissolved in plasma alsc-r

increases l inear lv wi th total  environmental  pressure.
Once the hemoglobin is l00Ct saturated. an-v- fur ther
increases  in  oxvgen car ru ' ing  capac i tv  can on lv  be
ach ieved bv  inc reas ing  the  amount  o1 '  d isso lved Or .s
Th is  i s  represented  graph ica l l r  in  F igLr re  2 .

The coe l ' { ' i c ien t  o1  .0031 is  dcr i r  ed  l ron t  Hcnr r ' s  lau
w h i c h  s t a t e s  t h a t  t h e  p a r t i a l  p r c \ s u r c  o l  i l  s a s  a n d  i t s
r e s u l t i n g  c o n c e n t r a t i o n .  d i s s o l r e d  i n  l i q L r i d .  a r c  d i r e c t -
l y  p ropor t iona l :

Concentrat ion a (part ia l  pressure)

where Ps. (cap) is about 40 mmHg at the venous end of
the capi l lary,  V,r .  is  the rate of  oxygen consumption
which .  fo r  musc le .  i s  approx imate lv  l0 - r  m l  02  ml  o f

p , , , ( c a p )  = [ * ]  .
.  /  R .  t  R u  t .

R , , ' l n l  " r l  
;  

-
t l - e / ' )

40

O2 Carrying

Capacity ZA

[ml'dt 
- l ;

0 I  000 2000

Partial Pressure of O2

in  B lood [mmHgf
F igure  2 .  An increase in  o rvgen car r l ing  capac i t r  occurs
with an increasing part ia l  pressure of  orrgen.

Krogh Radius

Ip ml
100

Part ial Pressure

of $q1gen [atm absf

Figure 3. The radius of the Krogh cyl inder increases with
increasing part ial  pressure of oxygen. Thus, a greater
margin of t issue wil l  be adequately oxygenated under
condit ions of hyperoxia.

TABLE I
Alreolar and arterial response to respiratory gas composition and pressure.

Barometr ic  Pressure I  a tm abs
(sea leve l )

I  a tm abs
(sea leve l )

2 atm
abs

3 atm
abs

Insp i red gas
Ar te r i a l  P , ,O ,  (mmHg)

Ar te r i a l  oxvgen  con ten t  (m l  100  n t l t
V e n o u s  P , 0 2  ( m m H g )
Venous  oxvgen  con ten t  (m l  l (X )  n t l t
D i sso l ved  O ,  con ten t  (m l  100  n t l t

( M o d i l ' i e d  t r o m  N u n n r , .  a n d  S a l t z n r a n ' r

a l r

9t3
r 9 . 3
39

1 4 . 3
0 . 3 2

oxvgen
600
2 t . 3
48
1 6 . 3
l . l

oxygen
l 2 r 8
23.4
68
1 8 . 4
3 . 7

oxygen
I 864
25.5
360
20.5
5 . 6

v
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F igure 4 .  Each of  these d iagrams represents  a  set  o f  two capi l la r ies  wi th in  a  sect ion o f
t issue.  The two capi l la r ies  on the le f t  each has a Krogh rad ius o f  r  whereas those on the
r ight  have a larger  Krogh rad ius o f  R.  Note how a larger  Krogh rad ius leads to  a  greater
marg in  o f  adequate lv  ox lgenated t issue. ' [he d is tance D,  between the capi l la r ies .  is  the
same in  each d iagram.  S i luat ions.  such as th is ,  mav ar ise when edema causes
in tercapi l la rv  d is tance to  increase.

ussue- r  .  sec- r .  l -he  rad ius  t t t ' thc  cap i l la rv  r .  i s  assumed
to  be  3gm.  K is  Krogh 's  d i t lL rs ion  coef ' { ' i c ien t .  wh ich  is
the  produc t  o f  the  so lub i l i t r  and d i l ' I ' us ion  cons tan ts
fo r  oxygen and is  approx imate l r  22 .81 t : .  sec- r  o  ml  O:
r  ml  t i ssue- r  r  a tm- r .  R1,  rcprescnts  the  d i f fus ion
d i s t a n c e  o r  " K r o g h  r a d i u s . "

T h u s .  t h c  i n t e r c a p i l l a r r  d t s t a n c e  n t u s t  b c  e q u a l t ( )  o r
l e s :  t h a n  t u i c c  t h e  K r o g h  r a d i u s  t o  p r e \ c l t t  t i s s u c
h , r  p o r i a .  f  h i s  i s  i l l u s t r a t e d  i n  F i g u r e  4 .  S p e c i f  i c a l l v .  i l
e a c h  c a p i l l a r r  i s  a b l e  t o  o x v g e n a t e  a  r a d i u s  o f ' R 1 , ,  t h e n
t h e  m a r i m u n r  d i s t a n c e  b e t w e e n  c a p i l l a r i e s  s h o u l d  n o t
exceed 2  R, , .  A t  I  a tm abso lu te  in  a i r .  PO,  w i l l  fa l l  I ' rom

B l u m  h a s  s l i o u n  h o w  t h e
o . \ \  g e n  c o n c c n t r a t l o n  g r a d -
i e n t  t ' a l l s  n t ( ) n ( ) t o n i c a l l r
a l o n g  t h e  I o n s i r L r d i n a l  r i r i :
o f  a  c a p r l l a r r  l h i :  p r r n e  i -
p le  can bc  rnodc l l cc i  b r  thc
c o n e - l i k e  s h a p c  o 1  t h e  r o l -
u m e  o l  t i s s u c  c o n r p r i s i n g  t h e
K r o g h  o ' l i n d e r  a n d  i s  i l l u s -
trated in Figure 5.  l \ , l iddle-
man has  dcscr ibed tha t  the
l o n g i t u d i n a l  d i t l u s i o n  o f
oxygen is  smal l  and can be
neglected relat i 'u 'e to axial
d i f fus ion . r2

Clear lv  there  are  cond i -
t ions  no t  taken in to  account

w i th  the  Krogh mode l .  Cap i l la ry  beds  w i th in  a  g iven
t issue segment mav open or c lose and perfusion to a
part icular region may be al tered because of  th is.
Fur thermore .  the  Krogh mode l  does  no t  cons ider  the
geomet r ic  d is t r ibu t ion  o f  cap i l la r ies  w i th in  t i ssue.  In
add i t ion .  oxvgen consumpt ion  may no t  be  cons tan t
and mav varv  depend ing  on  02  supp lv  as  we l l  as
metabo l ic  demands.  Desp i te  these shor tcomings .  the
Krogh equat ion has generated considerable insight
into the understanding of  the interrelat ionship be-
t w e e n  c a p i l l a r v  d i a m e t e r .  o x y g e n  c o n s u m p t i o n .
oxvgen part ia l  pressures.  and resul t ing 02 di f fusion.

a b o u t  1 0 0  m m H g  a t  t l i e  a r t e r i a l
e n d  o 1  t h e  c a p i l l a r v  t o  J 4  m m  H g  a t
t h e  \ e n o u s  e n d .  [ , n d e r  n o r n t o -
b a r i c  c o n d i t i o n s .  b r e a t h i n g  a i r .  t h e
a r t e r i a l  e n d  o 1 ' a  c a p i l l a r r , u ' i l l
a d e  q  u a t c l \  o \ \  g e n a t c  a  r a d i u r  r r 1
a p p r o r i r n a t e l r  5 I  g r n  i . i h c r c a s  t h e
\ e n o L l s  c n d  o 1 '  a  c a p i l l a r r  u i l l
a d c q  u a t c l \  o x \  g e  n a t c  a  r a d  i u s  o l
a p p r o r r r n a t e l r  1 . 3  g n t .  H r  p c r b a l ' i c
o \ \  g c n a t l o n  t o  - l  a t r n  a b : o l L r t e
r n c r c a \ c \  t h c  a r t e  r r a l  a n d  \  c n ( ) L t \
p a r t i a l  p r c s \ L l r c - \  o l  ( ) \ ) g c n  t ( )
a p p r o . r i n t a t c i r  l t t l t t l  a n d  I 0 0
m m H g  r e s p e  c t r r  c i r  \ \  i r h  l ( ) 0 '  /
o X y g e n  a t  3  a t n t  a h : o l u t c .  t h c
a r t e r i a l  r a d i u s  u  i l l  i n e  r c u . c  t t r
a b o u t  2 0 0  g m  a n d  t h c  \ c n o L r \
r a d i L r s  u  i l l  a l : o  e x p a n d  t o  a p p r t i r -
i m a t c l r  - 5 0  g r l .  l h i s  t h e o r e t i c a l
i n c r c a s c  i n  c l i l l u s i u n  d i s t a n c e  i s
: h o *  n  r n  F i s u r e  , l  F  r s u r c  4  i l l L r s -
t r a t c s  t h e  i n c r e a s c d  a n t o u n t  o l '
t i s s u e  o r v g e n a t c d  u n d c r  h r  p e  r -
b a r i c  c o n d i t i o n s :  p r o r  i d c d .  h ( ) \ \  -

e v e r .  t h a t  t h e  s a n t c  e o n \ t i u t t  n L l n t -
b e r  o l '  c a p i l l a r i c :  r e r l a u t  p e r  l  u r L , d .
T ' h i s  a s s u m p t i o n  m a \  n o r  b e  r  a l i d .

a

Venous s ide
of capil lary

Increased vo lume

of adequately

oxygenated tissue

Arterial side
of capil lary

Krogh

F igure 5 .  D iagram i l lus t ra t ing the re la t ive increase in  the vo lume of  t issue which is
adequate l r  oxvgenated by an increased par t ia l  pressure o f  oxygen. ' Ihe th in  b lack
cr  l inder  represents  a  cap i l la ry .  The two cones,  wi th  base rad i i  r  and R.  represent  the
normal  and increased oxygenated t issue vo lumes,  respect ive lv .
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In  add i t ion  to  the  inc rease in  b lood oxvgen car rv ing
capac i tv  and d i f t ' us ion  d is tance a f fo rded b l '  HBO.  the
l i vperbar ic  en l ' i ronment  a l lows fo r  compress ion  o f
pa tho log ic  a i r  o r  gas  embol i .  Gas bubb les .  wh ich  1 'o rm
f rom e i ther  ia t rogen ic  causes  or  b1 , '  too  rap id  a
decompress ion .  such as  an  ascent  dur ing  d iv ing .  can  be
reduced in  s ize  s ign i l - i can t lv  bv  hvperbar ic  p ressure .
Th is  re la t ionsh ip  can be  qr . ran t i ta ted  by  Bov le 's  law:

Pressure o volume = constant

S ince  a i r  cons is ts  o { 'a  mi r tu re  o f  appror imatc ly '  799 i
n i t rogen and 2 l . i  o . r rgen.  b rea th ing  100f t  O. '  a l lows
for  a  max imum d i f fus ion  grad ien t  1 'o r  n i t rogen 1 ' rom
ai r  embo l i .  The oxvgen wh ich  w i t l  d i f fuse  in to  the
in t ravascu la r  bubb lcs  w i l l  be  cvcn tua l l v  metabo l ized .

I n  t h e  h _ v p e r h u r i c  c n r  i r o n r t t c n t .  g a s  d c n s i t r  r i s c ' s  i n
d i rec t  p ropc- r r t ion  to  gas  pressure  and the  work  o f
b rea th ing  consequent i l ,  inc reases .  Max imum exp i ra -

an endotracheal  tube. Pat ients can receive 100% Oz
l im i ted  to  a  max imum par t ia l  p ressure  o f  3  a tm
abso lu te .  H igher  to ta loxygen pressure  is  rap id ly  tox ic
and is never ut i l iz-ed. Transfer of  mater ia ls into and out
o l ' the  chamber  may be  done v ia  p ressure  in te r locks .
This great l l ,  faci l i tates long-term care and comfort .
Mu l t ip lace  chambers  are  cos t lv  to  ma in ta in  and to
opera te  and may car ry  the  drawback  tha t  decompres-
s ion  t ime is  o f ten  accrued by  a t tend ing  s ta f f  wh i le
brea th ing  compressed a i r .

Monop lace  chambers  (F igure  7)  a l low fo r  admin is -
t rat ion of  h-vperbar ic oxvgen to a s ingle pat ient .  These
are l 'ar  less cost lv to set  up than mult ip lace chambers
and can u t i l i ze  a  hosp i ta l ' s  ex is t ing  oxygen supp ly .  A
t1 'p ica l  monop lace  chamber  i s  a  cy l inder .  usua l l v  2  to  3
fee t  in  d iameter .  w i th  acry l i c  wa l ls  to  a l low bet te r
inspect ion of  the pat ient  and to minimize claustro-
phob ia .  Oxygen then f lows in to  the  chamber  a t  a  ra te

F igures 6A and 68. Mult iplace hyperbaric chambers al low for treatment of
several patients simultaneously. Attendant staff  can also provide immediate
hands-on care from directly within the chamb er . Photographs courtesy of Roy
,.1.M. Mvers, M.D., Liniversitv of Marvland Medicol Center.

tc l rv f low and maximl lm r ,  o luntarv vent i -
la t ion  are  reduced.  

- f  
hese l 'ac tu rs  rnus t  be

considered in con-rpensat ing 1-or gas-f low
dev ices .  such as  vent i la to rs .  uscd  w i th in
hvperbar ic  env i ronments .

Final lv.  af ferent carot id chen' iurecep-
t o r  s e n s i t i r i t v  a p p e a r s  t o  b c  r c d u c e d  b v
the  e leva ted  02  pressure  in  the  hr  pcrbar ic
e n v i r o n m e n t .  T h i s  r e s u l t s  i n  a  s m a l l e l e  r  a -
t i o n  o f  C O 2  i n  t h e  C N S  a n d  c o n s c q u e n t l \
a  l ' a l l  i n  C - N S  p H . r r  l n  a d d i t i o n .  \ ' e n o u s
h e m o g l o b i n  l i b e r a t e s  a p p r o x i m a t e l r  0 . 4

Y mmoles  o f  CO2 when i t  i s  fu l l v  s i i tu ra ted
u' i th oxvgen. This fur ther reduces p H and
must  be  compensated  bv  a  ne t  inc rease in
resp i ra to ry '  d r ive  and r  en t i la t ion .

Administrat ion Of Hyperbar ic Or1 gen

H v p e r b a r i c  c l x v g e n  c a n  h c  p r a c t i c a l l r

adm in i s te red  w i t h  e i t he r  mr - rnop lacc  ( ) r

m u l t i p l a c e  c h a m b e r s .  ' \ :  s h , r n r . )  r n

F i g u r e s  6 , 4  a n d  6 B .  r n u l t i p l u c c  e  h u n r b c r :

h a v e  a  c a p a c i t y  t o  e r p o s e  s c r  c r a i  n i t t i c n t \
a n d  a t t e n d a n t  s t a f l ' s i m u l t a n c o u r l r  \ l o . t

t h e r a p e u t i c  s u p p r t r t  e q L r i n n r c n t .  r r r s h  u :

ven t i l a to r s .  i n t r avascu la r  ca thc t c r : .  an t i

i n t r avenous  f l u i ds  can  bc  ma in tu inc t i  r i  i t h

r e l a t i v e  e a s e  b v  t h e  a t t c n d i n s  : t i . r l l .

Phvs i c i ans  and  nu rses .  con rp rcs \ c t l  n  i t h -

i n  t h e  m u l t i p l a c e  c h a n r b c r  u  r t l i  t h c

p a t i e n t s .  c a n  c o n t i n u e  t ( )  p r o r  r d c  u n p r ( ) -
p r i a te  ca re  and  d i r ec t  hand : -on  n luL igc -

m e n t .  C o m p r e s s e d  a i r  i s  c ( ) n r n r ( ) n i \

u t i l i z e d  f o r  t h e s e  m u l t i p l a c c  l u c r l r t r c ' .

usua l l v  w i t h  a  max imunr  p re \ \ L l r c  f a r ' l s r '

o f  u p  t o  s i x  a t m  a b s o l u t c .  I  h c  n a t t c n t \
mav  b rea the  02 -  en r i ched  gas  n r i \ t L l r c \  ( ) r

1009 i  oxvgen  v i a  a  f ace  mask  o r  t h roL rs i . r
Y
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Figure 7 .  A monoplace chamber
hyperbar ic  therapy whi le  u t i l i z ing a
courtesy of Sechrist Industries, Inc.

is an economical means of providing
hospitaf 's exist ing O2 supply. Photograph

after load, mvocardial  oxygen consump-
t ion  is  decreased as  much as  I  l% a t  3  a tm
absolute.  This probably of fsets the coro-
n a r y  v a s o c o n s t r i c t i v e  e f f e c t s  o f  h y -
peroxis.  t :

Oxygen toxic i ty in both the normo-
bar ic and hyperbar ic environments has
been wel l  documented. Current ly th is
pathology is bel ieved to be mediared bv
the generat ion of  oxygen free radicals.r6
Cl in ical ly,  oxygen toxic i ty may present as
pulmonary andlor central  nervous sys-
tem pathology. Pulmonary manifesta-
tions of oxygen toxicity can range from a
m i l d  r e v e r s i b l e  t r a c h e a l  i r r i t a t i o n  t o
pulmonary edema and frank pulmonary
endothel ia l  necrosis.  Compl icat ions of
o x y g e n  d i f f u s i o n  h a p p e n  l a t e  i n  t h e
course of  pulmonary toxic i ty and can be
q u a n t i t a t e d  a s  a  w i d e n i n g  o f  t h e

of 200 -  400 l i ter  o minute-r  and an environment of
100% 02 is rapidly created. Hvperbar ic-compat ib le IV
pumps and vent i lators are avai lable which can be
loca ted  ex terna l  to  the  monop lace  chamber .  Auto-
mated non- invasive blood pressure monitor ing has
also been developed for use within a hyperbar ic
e n v i r o n m e n t .  M o n i t o r i n g  o f  e l e c t r o c a r d i o g r a m s
(ECG)  can be  done.  In  add i t ion .  in t ra -ar te r ia l  b lood
pressure and blood gas monitor ing,  wi th per iodic
sampl ing  th rough the  pressur ized  wa l l ,  i s  poss ib le  w i th
exper ienced personnel .  Thus. even cr i t ical ly- i l l  pa-
t ients mav receive hyperbar ic oxvgen without com-
promis ing  phvs io log ic  mon i to r ing .  Unfor tunate ly ,
verv fer . l  hr ,perbar ic uni ts.  and especial l -v-  few mono-
p lace  chambers .  have s ign i f i can t  exper ience in  car ing
f 'o r  c r i t i ca l l r , - i l l  pa t ien ts .

I t  i s  impor tan t  to  ren tember  tha t  the  pressure
c h a n g e s  w i t h i n  t h e  c h a n t b e r  m u s t  b e  t a k e n  i n t o
a c c o u n t  u  h e n  u s i n u  e r t e r n a l  p r e s s u r e - s e n s i t i v e
e ' q u i p m e n t .  s u c h  a s  I V  p u n t p \  a n d  r e n t i l a t o r s .  I n c o r -
r e c t  s e t t i n g s  c o u l d  l e a d  t o  i i n  o \ e r  o r  u n d e r  d o s i n g  o f
m e d i c a t i o n s  a n d  o r  t l u i d s  S i r n i l a r l r .  a  v e n t i l a t e d
p a t i e n t  m a \  r c c e i r c  a n  i n u p p r t i p r i a t c  t i d a l  r , ' o l u m e .
A i r w a y  p r e s s u r e  m u s t  b c  c o n \ t a n t l r  m o n i t o r e d .

P h y s i o l o g i c  a n d  T o x i c  R e s p o n s e s  t o  H v p e r b a r i c
Oxvgen

D u r i n e  h r  p e r b a r i c  o x v g e n a t i o n .  s v s t e m i c  b l o o d
p r c \ s u r e  t e n d s  t o  r e n l a l n  n o r m a l  o r  w i l l  s l i g h t l V
i n c r e a s e . r l  T h i s  a p p a r c n t l r  r e s u l t s  f r o m  a  g e n e r a l i z e d
\  asocons t r i c t i on  t ha t  i - ,  obsc r r  cd  du r i ng  hvpe rox ia  i n
n o r m a l  t i s s u e s .  P e r i p h e r a i  r  a : c L r i a r  r c s i s t a n c e  i s  t h u s
ra i sed .  Re f l ex l r ' .  ca rd iac  oL i t pL l t  dce  r casc -s  h r  I 0 r , l  t o
20? t  wh i ch  resu l t s  l ' r om bo th  a  r cduc t i on  i n  hca r r  r a te
a n d  s t r o k c  r  o l u m c .  I ) c : p r t c  I h c  r p n a r c n t  r . i : c  r n

alveolar:  ar ter ia l  oxygen tension grad ient .
Decreases in thoracic compl iance and vi ta l  capaci ty
have also been observed. Neurological  ef fects of
hyperbar ic oxygen are rare.  However,  neurological
aspects of  oxygen toxic i ty can be manifested as
twi tching of  the per ioral  muscles,  anxiety,  or  be-
havioral  changes. Vert igo,  syncope. and seizures can
occur wi thout prodromes.

To reduce the r isk of  oxygen toxic i ty dur ing hyper-
bar ic therapy, air  can be administered intermit tent ly
for per iods of  5 to l0 minutes for  every 20 or 30
minutes of  02 breathing. This is easier to accompl ish in
mult ip lace chambers,  but  recent provis ion of  com-
pressed air  l ines,  inside monoplace chambers,  has
permit ted extension of  "air  breaks" also wi th in the
m o n o p l a c e  e n v i r o n m e n t .  F r e e  r a d i c a l  s c a v e n g e r
agents,  such as v i tamin E, may be helpful  in prevent ing
acute toxic effects.

Barotrauma from rapid compression can resul t  in
rupture of  the tympanic membranes. as wel l  as t rauma
t o  t h e  p a r a n a s a l  s i n u s e s .  P a t i e n t s  g e n e r a l l y  c a n
swal low or yawn to equi l ibrate middle ear pressure
with that  of  the hyperbar ic chamber.  Those who are
unconscious or unable to adequately do this may need
bi lateral  tympanotomies and insert ion of  pressure
equal izat ion (PE) tubes. Rapid decompression af ter
hyperbar ic oxygenat ion can also cause cl in ical ly s ig-
ni f icant barotrauma, such as a pneumothorax or air
embol ism. In c l in ical  pract ice th is is v 'ery dangerous,
but extremely rare.

Revers ib le  v isua l  changes mav occur  w i th  ex tended
oxygen use. Typical ly th is is observed as an increasing
mvopia.  Retrolental  f ibroplasia has been reported in
neonates and premature in{ 'ants receir , ing over 50%r
oxvgen a t  sea  leve l  o r  I  a tm abso lu te .  Th is  can resu l t  in
b l i n d n e s s . r T  C a l u s t r o p h o b i a  c a n  a l s o  o c c u r  a s  a  r e s u l t

(.
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01 '  the  l im i ted  space ava i lab le  w i th in  a  hvperbar ic
chamber .  Th is  can be  usua l lv  t rea ted  w i th  mi ld  seda-
t ion when necessar\ ' .  Because l00qi  oxygen can sup-
por t  l ' i o le  n t  combust ion .  there  is  a  g rea t  po ten t ia l  fo r
f i re  w i th in  thcse  enc losed chambers .  Prac t ica l l y .  th is
res t r i c ts  the  use  o t '  a l l  e lec t r i ca l  equ ipment  w i th in
hyperbar ic  enr  i ronments .  I t  i s  mandatory  to  u t i l i ze
care fu l  p revent i \ c  mcasure  s  to  avo id  th is  d isas t rous
c o m p l i c a t i o n .

Mechanisms of  Act ion of  Hyperbar ic Oxygen

Emprr ica l  e rper ience has  shown favorab le  c l in ica l
resu l ts  w i th  the  use  o1 '  hvperbar ic  oxygenat ion  in  a
var ie tv  o f  d iseases  and svndromes.  An o f f i c ia l  rev iew
of  c l in ica l  benef i t s  der ived  f rom HBO is  p rov ided
per iod ica l l v  b1 ' the  Hvperbar ic  Oxvgen Commi t tee  o f
the  Undersea and Hyperbar ic  Med ica l  Soc ie ty .  Th is  i s
an  in te rna t iona l  o rgan iza t ion  o f  phvs ic ians .  sc ien t is ts
and prac t i t ioners  invo lved in  a  ran-ue  o f  s tud ies  and
o b s e r v a t i o n s  o t ' p a t i e n t s  c r p o s c d  t o  i n c r e a s e d  e n -
v i ronmenta l  p ressure .  l -ab le  2  shows the  most  com-
mon syndromcs w i th  in - rp roved ou tcome f 'o l low ing
H  B O .

The he terogene i tv  o f  d  i sca :c :  t rca ted  br  H BO
e x e m p l i f i e s  t h e  d i v e r s i t r ,  o l ' a c t i o n  o f  h r . p e r b a r i c
oxvgen in  var ious  svndromes.  Four  d i l ' t ' c rcn t  mecha-
nisms can be ident i f ied.

l .  lnc rease in  to ta l  baromet r ic  p rcs :u rc .
2 .  D i rec t  inc rease in  ( ) \ \  scn  n i r r t iu l  p ressure  in

ar te r ia l  b lood.  in te rs t i t ia l  f lu ids .  and t i ssues .

3.  Increase in oxvgen content of  ar ter ia l  b lood.
4.  React ive biological  phenomena caused by inter-

mit tent  exposure to increased oxygen pressure.
T h e  f i r s t  t h r e e  m e c h a n i s m s  p r o d u c e  d i f f e r e n t

oxvgen transport  regimens in speci f ic  syndromes. As
an example.  in acute arter ia l  gas embol ism i t  is
postulated that svmptoms are caused by sudden vascu-
lar  obstruct ion in a terminal  ar ter io le or in a capi l lary,
by  a  gaseous bo lus .  In  th is  case,  rap id  compress ion
from 3 to 5 atm absolute may decrease the volume of
the obstruct ing bubble and wi l l  favor resumption of
cr i t ical  b lood f low to the af fected area. This has been
demonstrated by the very rapid resolut ion of  major
neurological  symptoms, such as paraplegia resul t ing
from decompression syndrome, af ter  rapid recompres-
sion in a hyperbar ic chamber,  A di f ferent mechanism
of act ion is operat ive when HBO is ut i l ized to al leviate
symptoms of  extensive acute anemia, such as af ter  a
catastrophic hemorrhage in pat ients refusing blood
transfusion. or when temporary di f f icul t ies in cross-
matching of  b lood make red cel l  replacement di f f icul t
o r  imposs ib le .  ln  th is  case,  HBO f rom 2 .5  to  3  a tm
absolute and l00c/(  oxygen breathing wi l l  acutely
provide a suf f ic ient  increase in oxvgen content in
arter ia l  b lood. This wi l l  a l leviate the resul tant  tachy-
cardia and metabol ic acidosis and al lows t ime to
faci l i tate an essent ia l  t ransfusion. A st i l l  d i f ferent
m e c h a n i s m  o I  a c t i o n .  a n  i n c r e a s e  i n  o x y g e n  p a r t i a l
pressure in arter ia l  b lood. is operat ive when an acutely
comatose pat ient  wi th carbon monoxide intoxicat ion
is t reated with 2.8 atm absolute and l007a 02 and
awakens within minutes.  The large increase in 02
gradient f rom blood to t issue may explain the im-
proved e l im ina t ion  o f  carbon monox ide  f rom the
bodl ' .  This is the reason for the decreased hal f - l i fe of
carboxvhemoglobin when switching from air  to oxy-
gen at  I  atm absolute.  An even greater reduct ion in the
hal f - l i fe of  carboxyhemoglobin wi l l  occur wi th oxygen
administered at  3 atm absolute.

Final ly,  the last  mechanism of react ive mediator
act ivat ion is invoked to explain the st imulat ion of
endothel ia l  bed development in chronic non-heal ing
wounds.  Th is  occurs  when the  wound is  exposed to
per iodic increases and decreases in POz.

Accepted Conditions For Hyperbaric Therapy

In th is sect ion.  the rat ionale and cl in ical  basis for  the
therapeut ic use of  hyperbar ic oxygen wi l l  be eramined
in greater detai l .  Table 2 out l ines indicat ions current ly
recommended by the Hyperbar ic Oxy' 'gen Therapy
Commit tee Report  of  the Undersea and Hyperbar ic
Medical  Society. ts This report  is  reviewed every 2-3
years on the basis of  scient i f ic  evidence and const i tutes
the most complete document publ ished in the f ie ld.

Air And Gas Embolism

The entry of  a i r  or
of ten occurs wi thout

gas into the intravascular space
recogni t ion.  I t  can happen as a

l .

T A B I , E  2

( . l in ica l  Condi t ions Responding To
Hyperbar ic  Oxvgen Therapy

Cas Bubble-Mediated Diseases:
A i r  o r  gas  embo l i sm  (acu t c )
Decompress ion  s i ck  ness
A l t i t ude  decompress ion  s i ckness

I 'oxicosis:
Ca rbon  rnonox ide  po i son ing
Cvan ide  po i son ing
H v d r o g c n  s u l f i d c  p o i s o n i r t s

Acute Infections:
C los t r i d i a l  mvonec r ' ( ) \ i r  (  gu r  L rans rcnc )
) Jcc ro t i z i ng  i n l ec t i o r t t

Chronic Infections:
Rel ' rac tor r  Ostcomr c l i t i s

Acute Ischemic Processes:
Crush in jur l '
Compar tme  n t  s r  nd  romc

Chronic  Ischemic Processes:
Se  l ec ted  nonhea l i ng  u  ou r r c i .
R a d i a t i o n  n c c r t , r i :
S k i n  g r a l t  p r c p l r  l r t i ( ) n
Burns

Except iona l  B lood l .oss- . {nenr ia

2.

3 .

4 .

5.

6 .

7 .

v
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consequence of  iatrogenic processes, t raumat ic in-
jur ies,  or  may be a resul t  of  accidental  rapid decom-
press ion . re  A  la rge  number  o f  p rocedures  may lead to
iatrogenic gas embol i :  compl icat ions of  head, neck or
thoracic surgery,  cardiopulmonary bypass,20 pene-
trat ing chest in jury,2r needle or catheter placement,
renal  d ia lysis,  obstetr ic or gynecologic manipulat ion,
as  we l l  as  u ro log ic  p rocedures .22  The pa tho log ic
mechan ism o f  in t ravascu la r  a i r  bubb les  invo lves
mechanical  obstruct ion of  b lood f low to the regions
where they are dispersed, a secondary act ivat ion of
hemostat ic mechanisms, and platelet  aggregat ion.2s

Manifestat ions of  gas embol i  are var ied depending
on the size of  the bubbles,  volume of  gas entrained,
rapidi ty of  the event,  posi t ion of  the pat ient  at  the t ime
of the event,  and whether gas is located within an
artery or vein.2a lntra-arter ia l  gas embol i  usual ly
present wi th symptoms involv ing the central  nervous
svstem or the mvocardium. Common presentat ions
include: dizziness, nausea, sensory or motor def ic i ts,
v isual  d isturbances, coma, and seizures.25 Myocardial
manifestat ions of  ischemia. such as chest pain and
ECG changes, may occur.  Venous air  embol i  may
present wi th pulmonary symptoms such as chest pain,
cough, dyspnea. and hemodynamic instabi l i ty .  In both
cases mortal i ty and morbidi ty are s igni f icant.  Diag-
nost ic conf i rmat ion of  a i r  embol i  may be di f f icul t
unless air  entry is actual ly observed, a character ist ic
"mi l lwheel  murmur" is present on cardiac auscul ta-
t ion.  or  a i r  is  found on aspirat ion f rom a central  l ine.
New Doppler and neuro- imaging modal i t ies add to the
diagnost ic armamentar ium. A recent study found that
magnet ic resonance imaging is more sensi t ive in detect-
ing f 'ocal  cerebral  ischemia due to air  embol ism, than
convent ional  computer ized tomographic scanning.zo

The ra t iona le  fo r  the  use  o f  hyperbar ic  oxygen
therapv  in  gas  embol ism is  based upon rap id ly  in -
c reas ing  ambien t  p ressure  to  decrease bubb le  s ize  and
improve blood { low to the al- fected area. Vent i lat ion
w ' i th  100r ,1  ox l  gen induces  the  la rges t  poss ib le  g rad ien t
fo r  the  iner t  gas  (usua l l r  n i r rosen when a i r  i s  asp i ra ted)
r i i th in  the  bubb le  to  be  reabsorbed.  \ 'asocons t r i c t ion ,
d u e  t o  h i g h  t i s s u e  o \ \ g c n  r c n : i o n .  m a v  c o n t r i b u t e  t o
reduce the  r  o lume o1 cercbra l  edenra .  Inc reased t i ssue
oxygen tens ion  w i l l  impror  c  the  sur r  i r  a l  o f  margrna l l y
v iab le  and ischent ic  a rea : .1 -  l '  \  unrerous  cases  o f
success fu l  hyperbar ic  ox \scn  therapr  l ' o r  a i r  embo l i
h a ' u  e  b e e n  r e p o r t e d . r : 1 . r < . 1 e  i i

The t rea tment  o f  cho ice  1-or  a i r  o r  g i i s  embo l i  i s
c o m p r e  \ s i o n  i n  a  h v p e r b a r i c  c h a m b e r .  f h i s  s h o u l d  b e
r n \ t r t u t e d  a s  c l c ' i s c  t o  t h e  t i m e  o f  i n s u l t  a s  p c t s s i b l e .
H o r i e r e r .  c l i n i c a l  r n r p r o \ e m c n t  h a s  b e e n  d o c u m e n t e d
a l ' t e r  a  d e l a r  o 1  

-  
h o i r r : : '  a n d  u p  t o  4 2  h o u r s . r l

T h e r e l ' o r e .  a  d e l a r  i n  r c ' l c r r a l  d o c s  n o t  p r e c l u d e
s u c c e s s l ' u l  h 1  p e r b a r i c  t  h c r a p r  .  [ ) i 1  I  c r e n t  r c s i m e n s
e x i s t  w h i c h  r a r v  f  r o m  a d m i n i s r e r i n s  o \ \ g c n  a t  l . B  a t m
a b s o l u t e .  t o  u s i n g  c o m p r c s : e d  a i r  u r  \ i r r o r  1 - 5 0 / l

oxygen combined with 50Vo ni t rogen) at  6.0 atm
absolute.  The United States Navy dive Table 6 can be
ut i l ized as wel l .32 Treatments may be repeated unt i l
there is no further c l in ical  improvement.

Decompression Sickness

Decompression sickness (DCS) is a c l in ical  syn-
drome presenting with a large variety of manifesta-
t ions.  I t  occurs when an inert  gas (usual ly ni t rogen)
that is dissolved in bodi ly t issues is released from
physical  solut ion dur ing decompression. This is the
cause of  pathologic bubble format ion.

Decompression sickness may present in a great
var iety of  ways. A high index of  suspic ion and the
history of recent compression at elevated environ-
mental  pressure play an important diagnost ic role.
Correct  d iagnosis is v i ta l .  Without proper t reatment,
permanent neurologic def ic i ts may resul t  in previously
heal thy indiv iduals.  The most common symptom ( in
over 9070 of cases) is deep, dull pain occurring in any
joint  ("bends" or Type I  DCS).  The central  nervous
system is affected in approximately 25Vo of cases of
decompression sickness, wi th a predominance of  spinal
cord involvement (Type I I  DCS).  Dizziness, nausea,
behavioral  changes, v isual  d isturbances, seizures and
coma are among the most common presentat ions.
Presence of motor and sensory deficits, paraplegia,
bowel or bladder incont inence, and loss of  sexual
funct ion usual ly indicate spinal  cord involvement.
Symptoms at t r ibutable to the per ipheral  nervous
system occur in approximately 22% of sport  d ivers
present ing wi th decompression sickness. These mani-
fest  as low back pain,  paresthesia,  weakness or pro-
pr iocept ive def ic i ts.33 Pulmonary involvement (" the
chokes") is rare and presents usually after a major
intravascular gas load, wi th chest pain,  dyspnea, non-
product ive cough, and cyanosis.  Decompression sick-
ness shock is a ser ious compl icat ion character ized by a
general ized transcapi l lary plasma leakage. DCS shock
may resul t  in hypovolemia,  cardiovascular col lapse, or
pulmonary edema.

Pred ispos ing  fac to rs  lead ing  to  decompress ion
sickness include: cramped posi t ion dur ing or af ter
decompression, recent strain or sprain of  a muscle or
jo int ,  and hard exercise dur ing or af ter  decompression.
Hyperthermia,  recent alcohol  consumption, age over
40 years,  and hypercarbia also mav contr ibute.  In
addi t ion,  Moon et  a l .3a showed that out of  23 divers
with ser ious decompression sickness. there was an
increased incidence (39V0) of  patent foramen ovale,
compared to an incidence of  5ci  in 176 normal
volunteers.  They hypothesize that a patent foramen
ova le  may a l low o therw ise  innocuous venous gas
bubb les  to  en ter  the  ar te r ia l  c i rcu la t ion  and produce
sVmptoms.

l 'he def in i t ive t reatment for  decomrlressi l 'e disease
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is  recompression in a hyperbar ic chamber.  Often,
pat ients must be transported some distance to the
nearest  hyperbar ic faci l i ty .  They should be kept as
close to sea level  as possible dur ing t ransport  by using
pressur ized or low-f ly ing aircraf t  (maximum al t i tude
1000 feet) .  To hasten the el iminat ion of  n i t rogen from
the t issues 100?i  oxvgen. r ' ia t ight- f i t t ing face mask or
endotracheal  tube. should be used in the t ime per iod
pr ior  to hyperbar ic t reatment.  Resusci tat ion wi th
intravenous crvstal lo ids or col lo id must be used to
main ta in  t i ssue per fus ion .  Th is  may a lso  a id  in  the
el iminat ion of  n i t rogen. Steroids may be used when-
ever  cent ra l  nervous  svs tem or  sp ina l  cord  edema is
presumed al though i t  may'  take several  hours for  these
to have an ef fect .  Steroids have been shown to increase
the r isk of  oxvgen toxic i tv in animals,  but  th is has not
proven to be cl in ical lv s igni f icant in humans.

Speci f ic  hyperbar ic t reatments vary according to
c l in ica l  case bu t  US ta rv  Tab le  6  i s  most  commonly
used. Mult ip le t reatments mav be given unt i l  there is
no further symptomat ic improvement.  The sooner the
pat ient  is  recompressed. the better the resul ts,  part icu-
lar ly in labyr inthine decompression sickness. How-
ever, treatment may sti l l  be effective after a delay of
several  days.- ts

Al t i tude decompression sickness is s imi lar  to div ing
decompression sickness in i ts mechanism and cl in ical
manifestat ion.  Return to sea level  and oxygen breath-
ing are usual ly suf f ic ient  to t reat  mi ld cases. Compres-
sion to hyperbar ic pressures mav be needed in more
ser ious c i rcumstances. Davis et  a l .  16 reported complete
reso lu t ion  o f  symptoms in  143 ou t  o f  145 cases  o f
a l t i tude  decompress ion  s ickness  u 'hen t rea ted  w i th
recompress ion  a t  2 .8  a tm abso lu te .

Toxicosis:  Carbon Monoxide Poisoning

Carbon monox ide  po ison ing  is  conrmon.  o t ten
acc identa l ,  and may present  u i th  nonspecr f  i c .  gen-
era l i zed  symptoms.  I t  occurs  p redominant l r  dur ing
co ld  weather ,  as  sources  o1 'carbon mono\ ide  rnc lude
mal func t ion ing  heaters .  indus t r ia l  t ' u rnaces .  motor
veh ic le  exhaust  and smoke inha la t ion  1 ' rom acc ide  n ta l
f i res .  Neuro log ic  and card io rascu la r  in ro l rement  a re
c o m m o n  a n d  p a t i e n t s  m a )  p r e s e n t  a c u t c - l r  l r  i t h
nausea,  vomi t ing ,  hypotens ion .  headache.  \ \  ncope.
vasomotor  co l lapse.  behar  io ra l  abnormal r t ies .  serz -
ures ,  o r  coma.  The c lass ic  "cher r r - rcd"  l ip :  a re  ra re l r
seen on  admiss ion  to  the  enrersencr  depar tment .
A c u t e l y ,  c a r b o x y h e m o g l o b i n  ( H b C O )  l e r e l s  a r e  e l e -
va ted  in  b lood and mav range 1 ' rom l0 -10 ' ;  in  asymp-
tomat ic pat ients to 50-60ci  in c(rnratose pat ients.
However,  HbCO measurements pcrt-ormed hours af ter
exposure  do  no t  cor re la te  u i th  c l in ica l  t ind ings ,  p re-
sumably because part  ot '  the tor ic et ' fects may be
at t r ibu ted  to  in t race l lu la r  po ison ine .  Norkoo l  and
Ki rkpat r i ck rT  showed.  in  a  la rgc  :c r i cs  o f  pa t ien ts ,  tha t

the  mean carboxyhemoglob in  leve l  in  surv ivors
(29.3%d was not significantly different from those who

died (30.87d. ln addi t ion,  Myers et  aI .38 found that
psychometric testing may be necessary to demonstrate
subtle neuropsychiatric abnormalit ies. The duration
of exposure, activity during that period, and interval
between exposure and assessment are also factors in
judging the severity of intoxication.se

Subacute  neuro log ic  seque lae  have been des-
cribed.38 Out of 213 patients treated for carbon
monoxide poisoning, none of  those treated with
hyperbaric oxygenation suffered clinically significant
sequelae. However,  12. lq l  of  those not t reated with
hyperbaric oxygenation developed subacute neuro-
logic def ic i ts.  Symptoms such as headache, memory
loss, abnormal psychometric testing and personality
change have developed up to 2l days after init ial
exposure, and have been treated successfully with
hyperbaric oxygen therapy.

In 1895 Haldane demonstrated that the poisonous
act ion of  carbon monoxide was due to i ts combinat ion
with hemoglobin and that this effect could be reversed
with oxygen administered at increased tensions.a0 The
aff in i ty of  carbon monoxide for hemoglobin is over
200 times greater than the affinity of oxygen for
hemoglobin.ar Once carbon monoxide is bound, less
hemoglobin is then avai lable for  oxygen transport  and
the oxygen dissociat ion curve of  the remaining oxy-
hemoglobin is shi f ted to the lef t ,  resul t ing in funct ional
t issue hypoxia.  I t  has been discovered more recent ly '
that  in-r , i  vo intracel lu lar  b inding of  carbon monoxide
to cvtochrome oxidase a,o3 trrz!  occur wi th in mito-
chondr ia.  In some cases intracel lu lar  b inding may
c o n t r i b u t e  t o  t h e  p a t h o p h y s i o l o g y  o f  c a r b o n
monoxide poisoning. This may resul t  in persistent
disrupt ion of  intracel lu lar  respirat ion.a2

Hyperbar ic oxygen therapy increases the speed of
dissociat ion of  carboxyhemoglobin as the rate of
carbon monoxide el iminat ion is inversely related to
the inspired oxygen part ia l  pressure.  Pace et  a l .a3
found that in heal thy males,  in i t ia l  carboxyhemo-
giobin levels of  20 -  3070 could be decreased from 249
minutes of breathing room air at I atm absolute, to 47
minutes of breathing 10070 oxygen at I atm absolute.
or to 22 minutes if breathing 10070 oxygen at 2.5 atm
absolute.  Hyperbar ic oxygen therapy also improves
t issue oxygenat ion  by  inc reas ing  the  amount  o f
physical ly dissolved oxygen and by hastening the
l iberat ion of  carbon monoxide from cytochromes.a2
Goulon et al.aa demonstrated a decrease in mortality
from 307a to 13.5Vo if hyperbaric oxygen therapy was
administered within 6 hours of  d iscovery,  as compared
to patients who received 10070 oxygen at I atm
absolute.  They also found that those treated within 6
hours had a decreased incidence of long-term sequelae.
These f indings have been conf i rmed by Myers et  a l .3a
and Norkool  and Kirkpatr ick. :7

l

v

403



Admin is t ra t ion  o1 '  h rperbar ic  o r r ,gcn  t 'o r  carbc ln
n r o n o r i d c  i n t u r i c a t i o n  d L r r i n g  p r e g n a n c v  h a s  r c c e n t l v
b e e  n  r c p u r t c d  b r  V a n  H o c s e n  e t  a l . + 5  l - h c r , c o n c l u d e d
tha t  shor t  hvperor ic  e \posure  s .  a t taned dur ing  hvper -
bar ic  therapr '  1 'o r  carbon nronox ide  po ison ing .  shou ld
be to le ra ted  bv  thc  t 'e tus  in  a l l  s tages  o t 'p regnancv  and
n l a \  r e d u c e  t h c  r i s k  o t ' d e a t h  t o  t l i e  n t o t h e r  a n d
de l 'o r rn i t r  o r  dca th  to  the  fe tus .

Hvperbar ic  ( ) \ \  sen  therap ' r '  i s  thc  t rea tment  o1 '
c h o i c c  i n  p a t i e n t s  u ' i t h  c a r b o n  n t o n o x i d e  p o i s o n i n g .
( i c n e r a l l r .  p a t r e n t s  w i t h  h e a r  \  e . \ p o s L l r e .  a s  s u g g e s t e d
b 1 '  c ; r r b o . r v h e m o g l o h r i n  l c r  e l s  g r c a t c r  t h a n  2 5 q ' ( .
shou ld  rccc ivc  t re i l tn rcn t .  I )a t ien ts  w ' i th  anv  res idua l
n e r l r o l o g i c  s \  m p t ( ) r ' n s .  c i r c L r l a t o l r  ( ) r  r e s p i r a t o r v
c o l l a p s e .  o r  i s c h c n r i c  c h u n g c s  o n  F  ( ' G .  o u g h t  t o  a l s c t
r e c e l \ e  t r c l t t n t e n t  r c s a r d l c s s  o 1  t h e i r  c a r b o r v h e m o -
g l o b i n  l e v c l s .  [ ) a t i e n t s  s h o u l d  b c  g i r  e n  1 0 0 . 1  o x v g e n
l ' i a  a  t i g h t - l i t t i n g  t ' a c e  r n a s k  o r  c n d o t r a c h e a l  t u b e
d u r i n g  t r a n s p o r t  l i n d  r n e d i c a l l v  c r  a l u a t e d  p r i o r  t o
h ' r 'pc rbar ic  the  rapr ' .  T rca tnren t  i s  rec t t r r t rnended a t  2 .5
t o  3 . 0  a t m  a b s o l u t e  t ' o r  u p  t o  9 0  n r i n u t c s  d c p e n d i n g  o n
c l i n i c a l  \ t a t L l s .  l . t t l l o w - u p  t h e r a p r  n t a \  b e  a d n t i n -
i s t c r c c l  u  i r h i n  l 2  t o  2 4  h o u r s  a l ' t e r  i n i t i a l  r r e a t n i e n t  i n
thosc  p i l t i cn ts  p rcsent ing  iv i th  se l ,e re  man i l 'es ta t ions
o 1  c a r b o n  n i o n o r i d e  D o i s o n i n s  o r  w i t h  r e s r d u a l
\ \  r11pt r ) r r ) : .

(  ran ide  ln to r ica t ion

\ 1  , r . , 1  c r  l i n rde  (C \  )  po i son ine  appea rs  t o  be  re l a ted
to  occupa t  i ona l  cxposu rL -  o r  n tav  be  assoc ia ted  w i t h
h u n r i c i d a l  i n e c : t i o n .  I { c c c n t l v  i t  h a s  b e e n  s h o w n  t h a t
C \  l c l c l s  c o r r e l a t c  u r t h  c a r b o n  m o n o x i d e  l e r , ' e l s  i n
: r t t o k c  i n l r i r l i r t  i o n  r  i t ' t i n r : .  ' '

l ' h c  r r i c chan i sn t  o f  n ' an idc  t o r i c i t r  i s  t hough t  t o  be
t h r o u s h  t h c  i n h i b i t i o n  o 1 ' c \ , t o c h r o n r e  o x i d a s e  w h i c h
i n r p a i r s  i n t r a c e l l u l a r  r e s p i r a t i o n .  T ' h e  n r a i n s t a v s  o f
t r e a t r n e n t  a r c  s c a  l e r  c l  o r v g e n  a n c l  c h e m i c a l  a n t i -
c i o t c - s .  I  h c  L l \ c  o f  s t t d i L r r n  n i t r i t c  e n h a n c e s  c \ , a n -
n l c t h c n l ( ) s l t l b i r t  I t l r t t . u t t t o n .  S t r d i t r m  t h i o s u l f a t e
t r c a t n l C n t  p r t t r  i d c s  : t r l l L r r  t o  h a s t c n  t h i o c V a n a t e
I o r n t a t i o n .  u i t i c h  i .  l c r '  1 t , r i c  t h a n  c r a n i d e .  S o m e
a n l r l t l r l  : t u d r c r  h a r  r .  . i t , r $  l t  i n t n r . r ) \  C n t C n t  r i ' i t h  h V p e r -
b a r i c  t h c n r p \ .  \ \  h c n  L t ' c t i  . r \  i . r n  u t j j L r n c t  t o  c h e m i c a l
a n t i d t l t c s .  ' \ l t h , r L t u h  u i t r f  I ' t n \ ) t ' l \  i l t  h t t m a n s  h a v e
s h o u n  c o n t l i c t r n c  r c . u l t r . - -  ! 1 r 1 r 1 l  r ) t i l c ( ) n t c s  h a " e  b e e n
repo r ted .$  + ' r

H rd rogen  Su l f i de  Po i son ing

H r . l r , r g c n  : L r l t i r l c  h a s  t h c  l a n t i l i a f  " r ( ) t t c n  c g g "  o d o r
. r l l ( :  \  l , ' t  t t t t ' t i  I  I  r ) l l l  t l t t '  . l C r ' ( ) l l l p r r r 1 1 l r ) t ' t  1 r l  ( ) l ' s l t l l i e

n r . r t t c r  c r ) n t i . r i n u l r  ' L l l l c l  t t i  d t ( ) g e n  s L r l t ' i d c  h a s  b e c n
: h t l $  t l  t o  i . t i l \  C  i . t  i l \ l t  i  i l . ' r l  , r t - i  r l  t r t C | 1  , - t . ' , t - t ' t a  O f  i d a s C .

F t t r  t l t i :  t c i . t \ ( ) n .  l t r  p . - t ' h . t r t r -  r ) \ \  S g l j . t t i r r n  h a s  b e e n

r t l  t P c : t c d  l t .  l : d  i [ i l i r ' I . \  L  l l ] , I  . r [ r \  \ \  l t r ' : t  r  r ) n \  c l l t t t r n i . r l

t r c a t n l e n t  l ' a i l : .  I s t t l a t c d  e  i i \ c  t  c [ r o r - l :  h u r  c  t ] r r \ - u n t c n t e  d
r n r p r o r  e d  ( ) u t c ( ) n t e  . ' '  

'

Acute Infections

Clos t r id ia i  myonecros is  (gas  gangrene)  i s  charac-
ter iz.ed by a rapidlv spreading muscle necrosis.  Thc
most  commonly  i so la ted  organ ism is  C los t r id ium
p e r f r i n g e n s  a s  w e l l  a s  o t h e r  c l o s t r i d i a  s p e c i e s . 5 r
A l though i t  i s  an  anaerobe,  i t  to le ra tes  oxvgen tens ions
up to  30  mmHg.  C.  per f ingens  is  f requent ly  found in
the soi l  as wel l  as the gastrointest inal  t ract .  I ts most
signi f icant pathological  aspect is the abi l i ty  to produce
alpha-toxin.  This exotoxin is an oxygen-stable leci-
th inase and resul ts in progressive hemol l ,s is.  t issue
l iquefac t ion .  and necros is .  Sys temica l l y .  sep t ic  shock .
hemolyt ic anemia, renal  fa i lure,  as wel l  as dissemi-
nated intravascular coagulat ion can resul t .  Alpha-
t o x i n  c a n  a l s o  l e a d  t o  c a r d i a c  a n d  n e u r o l o g i c a l
abnormal i t ies .  Pat ien ts  a t  par t i cu la r  r i sk  a re  those
w i t h  d i a b e t e s  a n d , o r  n e c r o t i z i n g  i n f e c t i o n s ,  a n d
i n j u r i e s  c o m p l i c a t e d  b y  t r a u m a .  c o n t a m i n a t i o n .
ischemia. compound fracture.  or  foreign bodies.  These
wounds are swol len.  extremelv painful .  and of ten show
an associated brown. sweet-smel l ing drainage. Gas
within the soft  t issues may be found on radiologic
examinat ion.

Anaerob ic  o rgan isms lack  an t iox idant  enzvmes
such as superoxide dismutase and hvdrogen peroxide
catalase.5r Hyperbar ic oxygen appears to be bac-
ter iostat ic and stops spore germinat ion.5a In animal
s tud ies .  HBO was shown to  decrease a lpha- tox in
p r o d u c t i o n  a l t h o u g h  p r e e x i s t i n g  t o x i n  w a s  s t i l l
s table.5s Hyperbar ic oxygen also resul ts in vasocon-
str ict ion.  which reduces t issue edema.

Mortal i ty f rom gas gangrene is st i l l  e levated over-
3l l .sr ' .s ;  Adjuvant HBO therapy resul ts in a reduced
amputat ion rate (approximatel-v 2476 compared to
50,qi) .  as when surgerv is used alone. Hyperbar ic
oxygen a lso  appears  to  improre  orc ra l l  surv iva l  when
used w i th  surgerv  and an t ib io t i cs .  ln  one s tudv  the
survival  rate was 18.2c/c wi th H BO as contpared to 55?c
i n  t h e  c o n t r o l  g r o u p . s 8  E a r l r  i l g g r c \ \ i \  e  t h e r a p y
appears  to  be  the  most  bene l ic ia l .  ( 'L t r rcn t  recom-
mendat ions  are  3  a tm abso lu te  fo r  90  n t inu lc r  rcpc .a ted
t h r e e  t i m e s  w i t h i n  t h e  f i r s t  t w e n n - t o r r r  h t , L t r r  . t l r c r  t h c
d i a g n o s i s  i s  i n i t i a l l y  s u s p e c t e d .  F u r t h c r  t h c r . r n \ .  l \ \  r c .
da i l y ,  shou ld  cont inue fo r  four  to  1 i r  c  d . t r  ' .

C r e p i t a n t  a n a e r o b i c  c e l l u t i t i :  i :  a  : i n r r l a r  g a s  p r o -
duc ing  in fec t ion  a l though i t  tend \  t ( )  5pare  the  musc les
a n d  i n v o l v e s  o n l y  t h e  s o t ' t  t i s s u e s .  O r g a n i s m s
respons ib le  inc lude:  Bac tero ides .  Petos t rep tococcus ,
Enterbacter iaceae. and Clostr id ium species.  When
compared to gas gangrene. svstemic involvement and
rnortal i ty are lower.5E

Fournier 's disease, a s imi lar  acute l i fe- threatening
inl 'ect ion.  is  character ized by extensive necrosis of  the
super l . ic ia land deep fascia of  the per ineum or scrotum.
I t  spreads  th roughout  the  t i ssue p lanes  bu t  does  no t
invo lve  musc le .  Both  anaerob ic  and aerob ic  o rsan isms
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have been isolated from these infect ions.  Overal l

mortal i ty is approximately 30crt
Hyperbar ic oxygen appears to be ef fect ive because

o1'direct  lethal  ef fects of  02 on anaerobic and micro-

ph i l i c  aerob ic  o rgan isms.  HBO may a lso  be  use fu l  in

combina t ion  w i th  an t ib io t i cs  in  reduc ing  necros is .5e

Current therapeut ic recommendat ions are twice dai ly

t rea tments  a t  2 .0  to  2 .5  a tm abso lu te  fo r  90  to  120

minutes  un t i l the  pa t icn t  i s  s tab le .  Trea tment  may then

be once dai ly.

Chronic Infections And Osteomyelit is

Osteomyel i t is  is  usual lv a mixed infect ion of  Staph-

lococcus  aureus .  Escher ich ia  co l i ,  En terobac ter ia .

Klebsiel la.  Pseudomonas or Proteus species.  Factors

leading to osteomvlet i t is  include presence of  a foreign

bod-v, diabetes mellitus. r ascuiar insufficiency, or defects

in immune funct ion.  Chronic osteomyel i t is  is  def ined as

cont inued in lect ion tor  s ix months despi te ant ib iot ic

and surgical therapl'. Treatment is diff icult because

oxygen transport  is  compromised in avascular bone.

Furthermore. oxvgen penetration is also complicated by

the presence of necrotic and fibrous tissue. Without

adequate oxygen. the funct ion of  whi te blood cel ls,

ant ib iot ics.  and ant ibodies are diminished. In animal

studies,  HBO raised bone oxvgen tension.60 In addi t ion

to making previousl l '  hvpoxic t issue normoxic.  hyper-

bar ic oxygen appears to l 'aci l i tate the t ransport  of

aminoglycoside ant ib iot ics across cel l  membranes.6r '62'61

In  one s tudy  40  pa t ien ts  \ \ c re  t rea ted  u i th  surg ica l

debr idement .  an t ib io t i cs .  and HBO 1or  an  areragc  o f

40  t rea tments .  A f te r  23  n ion th : .  5 -5r  I  o1 '  the  pa t icn ts

were  c l in ica l l y '  f ree  o1 '  d iseasc . " r  S in i i la r l r .  another

s t u d y  u s i n g  a d j u v a n t  H B O  t h e r a p r .  : h t r u e d  x 9 . - s ' I  o 1 '

pa t ien ts  d isease f ree  a f te r  J4  mt ln t i t . . ' '
In i t ia l l y ,  HBO is  recomnrendcd a t  l . t )  to  1 . ,5  a tn r

a b s o l u t e  f o r  9 0  t o  1 2 0  m i n t u e s  n r  i c c  d a i l r  .  F  o r  c h r t r t t i c

management  o f  os teomve l i t i s .  th i :  Ca l . l  bc  rcduecd to  a

once-dai ly regimen. At least  -10 t rcatr t lc l l t :  i - t l 'c  I lCe Cr-

sary in addi t ion to surgical  'ur t lLt t id carc.

Acute Ischemic Processes

Both  c rush  in ju ry  and con lp i i r t l l l cn t  : r  ndro t t ' t c  l cad

to  t i ssue ischemia  by  a  s imi la r  n lccha l l l \ l l l .  [ idc ' l ] la  and

s w e l l i n g  t e n d  t o  r e d u c e  p e r l t t : i o t l  I e  \ t l i t i l r s  r l t  h r  p . . ' r i c

t i s s u e .  C o n c o m i t a n t  v a s i l d i l a t i o n  r i  r i i  c r a c c r b a t c '  t h t :

s i tua t ion .  Hyperbar ic  o r r  gen i i t i t r t t  I  c \L i l l \  i r l  \  . i \ t )con-

s t r i c t ion  tha t  reduces  edcnra  u  h i l c  t t ta in ta tn tns  ade-

q u a t e  t i s s u e  o x v g e n a t i o n .  H  B O  t l t c r . r p r  t '  d o n e  ? t

t w i c e  d a i l y  i n t e r v a l s  a t  l ' 0  t t t  1  {  ' t t l l l  ' t h ' t r l t t t e  l t r r  i i r e

t o  s e v e n  d a y s .  F a s c i o t o n l r .  s u r s i c a l  d c h r i d c n r e n t .  a n d

aggressive wound care are rcc()nl t t lc . t ldcd.

Chronic Ischemic Processes

Many chron ic  cond i t ions  c r i : t  s  i r i ch  p red ispose to

non-hea l ing  wounds.  Thc  n to \ t  I  rcq  t rcn t l r  encountered

diseases are:  d iabetes mel l i tus,  per ipheral  vascular

disease, i r radiat ion,  infect ion.  anemia, and malnutr i -

t ion.  Hyperbar ic oxygenat ion intermediately restores

hypoxic t issue condi t ions to normoxic thus promot ing

heal ing and growth.
Out of  l8 pat ients wi th diabet ic foot  wounds who

were treated with HBO, l6 had complete heal ing as

opposed to I  pat ient  in l0 in a control  group.66 Str ict

glucose control ,  surgical  therapy, and debr idement are

also required.

Radiation Necrosis

Radiat ion therapy leads to microvascular in jury and

eventual ly t issue necrosis.  Speci f ical ly,  osteoradio-

necrosis seems to respond favorably to hyperbar ic

oxygen. HBO increases angiogenesis,6T col lagen for-

mat ion,68 and osteoneogenesis.6e For facial  recon-

struct ion of  i r radiated t issues, use of  HBO pr ior  to

surgery resulted in a success rate of 9270 with a

compl icat ion rate of  onlY 97c.70
In a prospect ive t r ia l  of  HBO versus penic i l l in,  for

pat ients wi th pr ior  i r radiat ion of  the mandible,  osteo-

radionecrosis af ter  tooth extract ion was reduced from

297a to 5.47c.11
The current recommendat ion for t reatment is HBO

at 2.0 to 2.4 atm absolute for  60 to 120 minutes dai ly

for 40 days.

Except ional  Blood [ ,oss-Anemia

At 3 atm absolute enough oxygen can be dissolved

in  p lasma to  n ta in ta in  t i ssue oxygen demands w i thout

hemoglobrn  be ing  present .T2  Th is  migh t  be  used t ran-

s i to r r l r  in  s i tua t ions  where  a  pa t ien t ' s  b lood may be

di l t ' icui t  to crossmatch or i f  a pat ient  refuses trans-

t 'us ion .  
- r

Contraindications To Hyperbaric Oxygen Therapy

The most common si tuat ion which may be a contra-

indicat ion to HBO is chronic obstruct ive pulmonary

d isease (COPD) .  Wi th  th is  cond i t ion .  the  r i sk  o f

pulmonary barotrauma and toxic i ty f rom HBO may

outweigh i ts benef i ts.  This conf l ic t  may ar ise in the

elder ly and debi l i tated in whom chronic obstruct i re

pu lmonary  d isease is  p reva len t .  Those pa t ien ts  u i th  a

history of  seizure disorder should receive ant iconvul-

sant medicat ion wi thout interrupt ion dur ing hyper-

bar ic therapy. t f  a history of  seizure disorder is

suspected, prophylaxis ma-v be warranted.

Myringotomy tubes may be necessary i f  evidence

exists that  there may be blockage of  the eustachian

tubes  or  i f  the  pa t ien t  i s  unconsc ious  and thus  cannot

swal low. Decongestants may be helpful  for  those

pat ients wi th symptomat ic s inus obstruct ion.

Claustrophobic pat ients need reassurance when

enc losed in  mu l t ip lace  chambers  and espec ia l l v  inY
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monop lace chambers .  Scdat ion .  when necessarv .  can
be ach ieved w i th  benzod iazep ines .

B leontvc in .  a  cancer  chemotherapeut ic  agent .  i s
assoc ia ted  w i th  pu lmonarv  f ib ros is .  pa t ien ts  who have
been exposed to  th is  d rug  mav be  par t i cu la r lv  p rone to
pu lmonarv  man i t 'es ta t ions  o1 'o rvgen tc lx ic i t v . r1  Use o l
hvperbar ic  oxvgen in  these pa t ien ts  cou ld  poss ib lv
resu l t  in  severe  pu lmonanv '  compl icn t ions .

Conclusion

Hyperbar ic  oxygen therapy  is  based upon ra t iona l
scient i f ic  pr inciples and is useful  in a var iet l ,  o1
d iseases .  I t  i s  the  t rea tment  o f  cho ice  fo r  bubb le
mediated disease as wel l  as air  and gas embol i .  I t  is  a iso
idea l  fo r  carbon monox ide  po ison ing  and may be
usefu l  in  o ther  cond i t ions  o f  tox icos is .  Add i t iona l l v .
cur ren t  c l in ica l  research  has  shown HBO to  be  bene-
f ic ia l  adjuvant therapy in ischemic and infect ious
condi t ions.  Future research must fur ther elucidate i ts
mult ip le mechanisms of  act ion and mav lead to more
narrowlv def ined appl icat ions.
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THESE QUESTIONS ARE TO BE ANSWERED ON A DATA CARD

IM PORTA]VT! USE IVL|MBER 2 PEI,{CIL OIVLY.. MARK OIVLY THE OI,{E BEST ANSWER

SELF.ASSESSMENT QUESTIONS: THEORY AND APPLICATION OF HYPERBARIC
OXYGEN THERAPY

!

Choose the one correct response to each question.

1.  The part ia l  pressure of  oxygen within the alveol i  is
calculated using al l  of  the fo l lowing EXCEPT:
A. Barometric oressure
B. FrO2
C. Respiratory quotient
D. End-t idal  CO,
E. Water vapor pressure

2. From the blood to the t issues, oxygen del ivery is
faci l i tated by al l  the fo l lowing EXCEPT:
A. Increased pH
B. Increased partial pressure of oxygen
C. Increased 2,3 DPG
D. Increased temperature
E. lncreased Puo

3. Factors NOT taken into account wi th the Krogh model
of  oxygen di f fusion include:
A. The solubi l i ty  of  oxygen in t issue
B The diffusion of oxygen in tissue
C.  Approx imate  cap i l la ry  rad ius
D. Approximate capi l lary length
E. Part ia l  pressure of  oxygen

4. Cardiovascular ef fects of  HBO therapy include:
A, Increased vascular resistance
B. Decreased cardrac output
C. Increased blood pressure
D. Decreased heart rate
E. Al l  of  the above

5. The f i rst  step in the in i t ia l  t reatment of  a seizure dur ing
HBO therapy would be:
A, Swrtching from oxygen to arr
B. lmmediate decompressron to atmospher ic pressure
C.  Par t ia l  reduc t ion  in  chamber  p ressure
D.  Admin is t ra t ion  o f  an  in t ravenous an t iconvu lsant
E. Switching from oxygen to a combrnat ion ol  50"/o

oxygen and 50% ni t rogen

6. Which cl in ical  condi t ion is LEAST l ikely to benef i t  f rom
HBO?
A .  A  p r e g n a n t  p a t i e n t  w i t h  c a r b o n  m o n o x i d e

poisoning
B. Gas gangrene
C. Compartment syndrome
D. Diabetic foot ulcer
E.  S ick le  ce l l  anemia

7 .  T h e  a d v a n t a g e s  o f  m o n o p l a c e  o v e r  m u l t i p l a c e
chambers include al l  EXCEPT:
A. Decreased cost
B. Decreased size
C. Abi l i ty  to work direct ly wi th the pat ient
D. Pat ients can be monitored (ECG, BP, arter ia l  l ine,

pulmonary artery catheter)
E. Pat ients can receive mechanical  vent i lat ion i f

necessary

8. Which cl in icalcondi t ion is LEAST l ikelyto benef i t f rom
HBO?
A. Clostridial myonecrosis
B. Carbon monoxide poisoning
C. Adult respiratory distress syndrome (ARDS)
D. Air  embol ism
E. Compartment syndrome

9. Oxygen toxicity is reduced by:
A. Using the lowest possible chamber pressure
B. Frequent "air breaks"
C. Ant ioxidants
D. Limit ing chamber t ime
E. Al l  of  the above

10. Which of  the fo l lowing is NOT TRUE concerning
carbon monoxide poisoning:
A. Cl in ical  status correlates wi th HbCO levels
B. Hyperbar ic oxygen hastens recovery despi te

delayed treatment
C. A pregnant pat ient  wi th CO poisoning should

receive HBO if necessary
D. A pat ient  complaining of  chest pain and having ST

segment  depress ion ,  fo l low ing  CO exposure ,
should receive lV ni t roglycer in and hyperbar ic
oxygen.

E. Psychometr ic test ing can assess neurological
sequela of  carbon monoxide poisoning.
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