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Summary. Hyperbaric oxygenation as a therapeutic procedure gained considerable popu- 
larity during the last decade. It  is increasingly applied to severe eases of respirafx)ry and 
circulatory diseases as well as to eases of poisoning such as with carbon monoxide and cyanide, 
and in the course of radiation and tumor therapy. The limitations of the method involve not 
only technieM but also physiological factors. Apart from caisson-disease, oxygen toxicity is 
the most frequent complication. Oxygen toxicity may result from extreme increase of oxygen 
saturation or air pressure. The sensitivity to oxygen depends to a large extent on the age of 
the patient and the presence of diseases. The effect of hyperbaric oxygenation is measurable 
experimentally. Detailed experimentation is indicated prior to clinical application by ~his 
method. Widespread application of hyperbaric oxygenation requires detailed investigation 
of related clinical and morphological problems from a medico-legal aspect. 

Zusammen/assung. Die Sauerstoff-~berdruekbeatmung hat in den letzten Jahrzehnten 
stark an Bedeutung gewonnen. Sic finder zunehmend Anwendung bei der Behandlung yon 
schweren Erkrankungen der Atmungsorgane, bei Herz- und Kreislauferkrankungen, die zu 
einer Sauers~offinsuffizienz des Gewebes fiihren, bei Vergiftungen, die den Sauerstofftransport 
und die Gewebsatmung betreffen (CO, Cyanid), bei der Strahlentherapie und Tumorbehand- 
lung. Die neben der Caissonkrankheit vorkommenden Komplikationen, pathologische Ver- 
~nderungen der oberen Atemwege nnd des Lungenparenchyms sowie zentralnervSs bedingte 
Symptome, lassen rich auf die bei extremer ErhShung der Sauerstoffs~ttigung bzw. des 
atmosph~rischen Drucks (1,5--2,0 atii), abet auch bei Langzeitbehandlung auftretende 
Toxicit~t des Sauerstoffs zuriickftihren, wobei der Intoxikationsmechanismus noch un- 
bekannt ist. 

An Ratten wurde die therapeutische Wirkung der Sauerstoff-~berdruckbehandlung an 
der experimentellen Gangr~in untersucht. Durch einen Elektroschock (190 V fiir 8 sec) wurden 
Gefgge und Nerven der Beinmuskulatur geschgdigt, was zu einer Gangrgn, bei 80O/o der Tiere 
innerhMb yon 6 Tagen und bei allen Tieren innerhalb vort 10 Tagen zu einem Verlus~ des 
Gliedes fiihrte. Bei gleichzeitiger Anwendung yon Sauerstoff-~berdruckbehandlung konnte 
bei 20(~) der Tiere ein Abklingen der Gangr~in bewirkt werden, das betroffene Glied blieb 
erhalten, wi~hrend bei weiteren 200/0 der Tiere die nekrotischen I)rozesse deutlich verlangsamt 
waren. Es scheint dabei die Verbesserung des Gewebsstoffwechsels sowie die Hemmung be- 
stimmter Enzymsysteme durch Sauerstoff yon Bedeutung zu sein. 

Auf die mit der zunehmenden Verbreitung der Sauerstoff-~berdruckbehandlung ver- 
bundene rechtsmedizinische Problematik, Komplikationen, Fragen der Indikation wird hin- 
gewiesen. 
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Introduction 

The hyperbar ic  oxygenat ion  is a rediscovered subject  of  medical  research of 

the last decade. The field of its at)plic~tion becomes more and more extended,  the 
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observat ions  ob ta ined  are var iable  and  f requent ly  cont rad ic tory .  However ,  i ts  
appl ica t ion  in bo th  exper imenta l  and  clinical prac t ice  will surely be more f requent  
in the  future.  

The a l te ra t ions  of the  in te rna l  and  ex te rna l  resp i ra t ion  as well as of the  oxygen  
t r anspo r t  force of ten the  phys ic ian  to  increase the  oxygen tension for shor ter  or 
longer per iods  of t ime in order  to avoid  the  damages  of  hypoxia .  The exper imenta l  

and  clinical observat ions  allow us to conclude t h a t  the  hyperba r i c  oxygena t ion  
represents  a well appl icab le  me thod  for the  p reven t ion  of hypox ie  damages.  

All  the  methods  of  t h e r a p y  have  some proper t ies  a p a r t  f rom thei r  posi t ive 
character is t ics ,  l imi t ing thei r  appl icab i l i ty .  These problems  are usua l ly  recognized 
dur ing the wide app l ica t ion  of the  methods .  

The present  pape r  concerns the  problems appear ing  dur ing the  use of hyper -  
bar ic  oxygenat ion .  We hold as necessary to describe our observat ions  ob ta ined  b y  
chemical  and  exper imen ta l  inves t iga t ions  of  hyperba r i c  oxygenat ion  and  to com- 
pare  wi th  those of others.  

The History of Hyperbaric Oxygenation 

Boerema et al. [9] called his paper "Life without blood" in 1959, concerning the theoretical 
basis of hyperbaric oxygenation and his observations. The application of hyperbaric oxygena- 
tion (HBO) for therapeutic purposes is not new, nevertheless, Boerema is considered as the 
modern pioneer of it. The problem of HBO has become extremely far-reaching. Numerous 
papers are being published, therefore, the detailed review of literary data is beyond the scope 
of the present paper. Nevertheless, a brief survey should be made. 

The industrial and marine application of hyperbaric air dates back in ancient times. These 
data are reviewed by summarizing works: Beszny£k [6], l~ontaine [17] and Matthys and 
Biihlmann [29]. 

The application of hyperbaric air for medical purposes in 1662 is associated with the 
name of Hensaw [18]. He applied a chamber for the treatment, which was equally suitable 
for both hyperbaric and hypobaric intervention. He used hyperbaric air in the acute and 
hypobaric one in the chronic diseases. This method did not come into general use and the 
"hyperbaric medicine" did not let hear from itself until 1834--1838. Junod [26] constructed 
a chamber for the patients where hyperbaric air was produced. This was used for the treatment 
of cerebral diseases. This was the beginning of the wide application of hyperbaric oxygen 
therapy in Europe. Fontaine [17] built a hyperbaric operating room where together with his 
assistant Pean made 27 operations during several months. They observed first that cyanosis 
and asphyxia did not appear during such operations. Fontaine himself made operations and 
fell victim to an accident in his institute. Bert [5] treats in detail the physiological alterations 
connected with the HBO treatment. Curmingham built a 5 storied hyperbaric hospital, each 
floor of which had 12 rooms. He treated here diabetes, syphilis and carcinoma, since according 
to his opinion, anaerobic infections played some role in the development of these diseases. 
The recent 30 years have an extremely large literature which will be concerned when inter- 
preting the most importan~ results. 

The Theoretical Basis of the Hyperbaric Oxygenation 

The oxygen  content  of the  air  is 20.9 ~o , this  is the  usual  a tmosphera .  However ,  
f rom a biological  po in t  of  view, not  only  the  oxygen  concent ra t ion  bu t  also the  
oxygen  tension is of  impor tance .  A t  a pressure of 735 m m  Hg (1 A t m =  1 kg /cm 2 
= technica l  a tmosphere)  the  pa r t i a l  pressure of  oxygen  amoun t s  0.2 pa r t  of  the  
air  pressure.  The increase of  oxygen pressure  can be achieved e i ther  b y  the  in- 
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crease of its concentration or by that  of the total  pressure of the air. At a total 
pressure of 5 Arm we can reach the same partial pressure of oxygen, about 1 Arm, 
as at a normal pressure and 100% oxygen saturation. The blood binds oxygen in 
two forms: bound chemically to hemoglobin and dissolved physically in the 
plasma. Under normal circumstances the oxygen bound chemically is more im- 
portant,  t~espiring air at  a pressure of 1 atmosphere, the oxygen content of the 
arterial blood of healthy people in a state of rest amounts about 20 vol% in the 
case of complete saturation and this value cannot be increased. The amount  of 
oxygen dissolved physically in the plasma is not significant under normal circum- 
stances, it is equilibrated with the oxygen tension of the alveolar air. As a conse- 
quence, the change of the oxygen tension in the a]veoli induces the amount  of 
oxygen dissolved physically in the plasma. Respiring air at 1 Arm, the amount of 
oxygen dissolved in the plasma is about 0.3 vo]%, whereas, breathing 100% 
oxygen at a pressure of 1 and 3 atmospheres it reaches 2 and 6 vol%, respectively. 
Theoretically this amount of oxygen is sufficient for the covering of oxygen 
requirements of a normothermic organism in state of rest. At the same time this 
offers a possibility to be cut off from the chemical transport  of oxygen by hemo- 
globin. Thus the HBO seems to represent an easily realizable, painless therapeutic 
procedure suitable for the therapy of certain hypoxic, ischemic states. However, 
the question seems to be so simple only theoretically. The clinical application needs 
wide experimental investigations. 

The Practical Realization of HBO 

For experimental and clinical realization of HBO a so-called hyperbaric chamber is es- 
sential. I t  is a system constructed from transparent walls and to be closed hermetically, 
offering a possibility for realization of the pressure necessary and the other conditions required 
by the experimel~ts or therapeutic procedure. The sizes of the chamber depend on their ap- 
plication. There are experimental chambers of 100 ml volume and large ones consisting of 
several rooms admitting complete operating teams. The large chambers of special designation 
are extremely expensive and their running needs special measures. The violation of these 
rules may involve serious danger. 

In  the case of observance of rules the HBO represents no significant danger tbr 
the healthy organism. This is supported by the results of the large hyperbaric 
centers where no damage of the personnel was observed even during large number 
(several thousands) of treatments.  However, the characteristics of the HBO 
therapy involve that  some patients suffering from certain diseases can endure the 
t reatment  much worse. Thus e.g. acute catarrh of the upper respiratory tract, 
disease of the labyrinth, dental caries may  cause unpleasant pains during the 
compression in the teeth and ear, or a sense of suffocation. Therefore, the investi- 
gation of the patient and the personnel is necessary in this direction before the 
starting of the treatment.  In  the ease of senseless patients the failure of equi- 
libration of pressure difference between the tympanic cavity and the environment 
may lead to the hemorrhage or even rupture of the tympanic membrane, since in 
the absence of indication of the pain the HBO therapy is continued. This may  
result organic alterations involving juristic consequences toward the personnel 
performing the treatment.  

6* 
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The Application of HB0  and the Problems of It 

The fields of application of t t B 0  can already be defined on the basis of results 
of the large hyperbaric centers. 

The indication field of HBO is as follows [29] : 

a) Disorders of the external respiration, atelectasia, pneumonia, lung edema of cardial 
or extracardial origin, chronic bronchitis, asthma bronchiale, pulmonary embolism, neonatal 
insufficiency of respiration. 

b) Circulatory disorders affecting the oxygen transport, acute myocardial infarction, 
shock, chilblained disorders, combustions, traumatic ischemia, thromboses, embolisms, acute 
hemolysis, inactivation of hemoglobin. 

c) Non-primary ischemic disorders of the internal respiration, cyanide intoxication, CO 
intoxication. 

d) Further fields of application, irradiation oftumours, maintenance of organ transplantate. 

The HBO therapy has successfully been applied in all these fields. The results 
will be concerned shortly later. First of all at tention should be called to the prob- 
lems and difficulties observed during the application of HBO therapy. The in- 
crease of oxygen tension up to a certain level, e.g. 1.5--2.0 Arm induces clinical 
symptoms even during a short period of time. A special group of questions arises 
on the basis of the fact tha t  the average value of oxygen pressure must not be in- 
creased over 0.3--0.5 Arm during prolonged HBO treatment  of several weeks. 

The cellular enzyme systems are inhibited by the oxygen pressure higher than 
the normal one [3, 19, 35]. The endothelial cells seems to be especially sensitive, 
their damage increases the streeming out of the liquid into the interstitial space, 
making longer the way of diffusion of the respiratory gases [20, 32, 37]. 

In  connection with the HBO therapy the individual factors should also be con- 
sidered, e.g. new-born and little children display a much higher sensitivity of the 
pulmonary parenchyma to the high pressure than the adults. However, in the case 
of the latter, a chronic pulmonary disease of long duration or an acute one may 
increase the sensitivity to oxygen to a great extent. I t  is known that  the artificial 
oxygen respiration is not harmful for the lungs and the respiratory t ract  in adults 
even if it is maintained for several weeks, on condition that  the rate of oxygen does 
not exceed 60 °/o at a normal pressure. States of grave hypoxia as well as pul- 
monary edema appearing at the beginning of pulmonary processes, such as in- 
fiuenzal pneumonia, lipid embolism or respiratory injuries, can well be influenced. 
The investigations seemed to prove that  a higher oxygen percentage is not neces- 
sary in most cases and its application induces toxic symptoms. The symptoms of 
oxygen intoxication can be divided into 3 large groups : a) Symptoms of the upper 
respiratory tract;  b) Symptoms of the pulmonary parenchyma; c) Symptoms of 
the central nervous system. 

The exact pathomechanism of the oxygen toxicity is unknown, it manifests 
itself in form of epileptic convulsions and pulmonary edema. I ts  pathological basis 
is presumably formed by the alterations of the lungs and the central nervous 
system. The respiration of high concentration of oxygen for a long period plays a 
role in the appearance of it. 

Apart  from the oxygen toxicity, the caisson-disease as well as the fire and ex- 
plosion represent the most frequent dangers of the HBO therapy. However, these 
can be avoided using a suitable decompression and safety rules. 
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Some Fields oR Application o~ HBO 

According to the clinical experience, the most favourable field of application of 
HBO is the cardial surgery. I t  is used with good results first of all in the surgical 
solving of congenital heart failures and diseases accompanied by cyanosis. There 
are reports on good results in several hundreds of cases of Fallot's tetralogy, trans- 
position of the great vessels and pulmonary atresia [13, 30, 31]. The advantages of 
the therapy originate in the better oxygenation of the seriously hypoxic tissues, 
the oxygen demand is decreased by the hypothermia, whereas the }IBO increases 
to a great extent the amount of oxygen being at disposal in the tissues. One of the 
most significant results of the tIBO during the cardial operations is the suppression 
of the ventricular fibrillation occurring as a consequence of hypothermia rather fre- 
quently. This eliminates often a complication involving the collapse of circulation. 

The experimental mortality was decreased to a significant percentage by the 
HBO therapy after the ligature of coronary vessels of rabbits [1, 2, 4, 27, 30, 38]. 
These experimental observations have been reproduced even in human cases of 
coronary insufficience and the mortality was also decreased. 

Apart from some clinical cases, we have rather experimental observations as 
regards the ItBO treatment of cerebral hypoxia and shock. Nevertheless, these 
results are promising for the future to offer an efficient therapeutic method against 
the above syndromes. 

One of the most fruitful fields of the ItBO therapy is the treatment of anaerobic 
infections where it has successfully been used by numerous authors [10, 31]. The 
results are very good in the case of Clostridium perfringens infections. Conspicuous 
improvement and what is more, recovery was achieved in the therapy of otherwise 
fatal gas gangrene. However, it should be noted that  in the case of the other 
frequent anaerobic infection, the tetanus, the value of the ItBO therapy was lower 
than expected. 

One of the most indisputable fields of the I-IBO therapy is the treatment of CO 
intoxication. The I~BO therapy seems to surpass the possibilities and therapeutic 
effects of all the procedures having been applied so far [33]. 

The I-IBO therapy has recently been applied also in the pediatrics; it has been 
introduced for the treatment of asphyxia neonatorum and so-called hyaline mem- 
brane disease. One can expect good results from this method even in eases of 
embryonic hypoxia and anoxia where the cutaneous respiration supposingly may 
play some role [21]. 

The anticarcinogenic effects of X-ray and radium irradiations increase pro- 
portionally with the increase of oxygen tension. This observation forced the 
scientists to carry out the irradiations in hyperbaric chambers. The clinical obser- 
vations seem to support the existence of the effect supposed [6, 7]. 

Apart from the above examples, numerous fields could be listed, such as the 
cyanide intoxication, acute circulatory insuffieienee, conservation of materials of 
transplantation, etc. [7, 8, 15]. Naturally, the elinieal application should be pro- 
ceeded by suitable experimental observations. 

Own Experimental Observations on the Effect o~ ItB0 

I t  was observed during the electropathologic investigations of our Institute 
that  the electric shock performed in the crural musculature of ra~s was followed 
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Fig. l .  a The limb of the rat after the electric shock, b Note the ulceration of the limb 3 days 
after the electric shock, c The limb of the animal is edematous and swollen 6 days after the 
electric shock, d Note the progressive gangrene on the limb of ~he animal, 8th day. e The limb 

is mutilated on the 12th day, a stump indicates its place 

in a s igni f icant  n u m b e r  of  cases by  gang rene  of  t he  l imb caus ing  l a t e r  t h e  loss of  i t  

(Fig.  1). The  i n v e s t i g a t i o n s  r e v e a l e d  t h a t  t h e  e lec t r ic  shock  caused  t h e  d a m a g e  o f  

t h e  ar ter ies ,  venes  at~d ne rves  o f  t he  f e m u r  exp l a in ing  t h e  reasons  of  t h e  a l t e r a t i o n  

(Figs. 2 a n d  3). 

Acute peripheric circulatory disorder often occurs in the clinical practice. I f  the suitable 
treatment fails, the limb is more or less heavily damaged or may be lost. The reconstructive 
and desobliterative interventions of the vascular surgery as well as the applications of fibril- 
lolytic substances have made better the prognosis of the treatment, however, in spite of 
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Fig. 2. Arteriographs indicating the normal (left-sided) and electrically shocked (rightlsided), 
obliterated vessels, b The ~rteriograph of the mutilated limb shows an obliterated artery at 

~he height of the damage 
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Fig. 3. a The necrosis of the arterial and venous walls and the thrombosis of the lumen can 
be seen at the height of ~he electric shock. Phosphotmxgstic acid-hematoxylin-eosin staining. 
b The necrosis of the muscle cells as well as the changed staining properties of the muscle 

and connective tissue of the environment is shown by Mallory's trichrome staining 

that  the problem of therapy cannot be considered as solved at all. The elaboration of new 
methods and operative procedures, application of new medicaments offering a possibility 
to improve the results, are justified by all means. The experimental testing of there construct- 
ive operations and new therapeutics represent a difficult task, first of all because of the 
difficulties of standardization of the acute circulatory disorder in most of the experimental 
animals. The induction of experimental arterial and venous thrombosis has been concerned 
by numerous papers [ l l ,  12, 14, 16, 22~25, 28, 29]. However, the practical introduction of 
the methods revealed that  the circulatory disorder cannot be produced in every case rep- 
resenting a serious difficulty of standardization of the methods. 

I n  our  own  e x p e r i m e n t s  t he  gang rene  of  t h e  l imb was  sure ly  b r o u g h t  a b o u t  by  

190 V of  8 sec du ra t ion ,  t he re fo re  these  p a r a m e t e r s  offer a poss ib i l i ty  o f  s t anda rd i -  

za t ion .  W e  are  aware  of  t h e  fac t  t h a t  d a m a g e s  o f  s imi la r  or ig in  occur  r e l a t i v e l y  

r a re ly  in  t h e  cl inical  p rac t i ce .  The  c i r cu l a to ry  d i sorder  wh ich  seems to  be  i so la t ed  
c l in ical ly  (ar ter ia l  and  v e n o u s  t h rombos i s ,  embol i sm)  can  o f t en  be  cons ide red  as 

of  a r t e r i a l  or v e n o u s  or igin  on ly  a t  t h e  beg inn ing  of  t h e  process.  L a t e r  on pa ra l l e l  
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with the propagation of the process atrophic disorder originating in the incomplete 
nutrition of the limbic nerves may complicate the situation. The reactive and com- 
pensatory ability of circulatory system of rats differs although from that  of the 
man, our method seems to be suitable for investigations of certain acute peripherie 
eh~eulatory disorders under experimental conditions. 

There are various methods at disposal for the treatment of damages following 
the acute peripherie eh~eulatory disorders. The irreversible damage of tissues based 
on the grave hypoxia plays a primary role in the development of limbie gangrene 
coming into being as a consequence of arterial occlusion. Therefore, the idea was 
plausible that  the increase of oxygen content of the blood for which the tIBO 
therapy offers a possibility, must be advantageous. Collaborating with the 4th 
Clinic of Heart  and Vascular Surgery, Semmelweis University Medical School, 
Budapest, we attempted to prevent the development of experimental gangrene 
(Fig. 4). The experiments have revealed that  80% of the control animals lost the 
damaged limb by the 6th day and the limbs were mutilated in all the animals by 
the 10th day subsequent to the electric shock. The necrosis and mutilation of the 
animals treated with HBO was of much slower speed, by the 6th and 10th days 
25% and 60%, respectively, showed a necrosis of the limb. The limb was saved 
in 20% of the treated animals definitely, whereas, in another 20% of them, the 
duration of the complete necrosis of the limb could be significantly lengthened, 
which perhaps may offer some possibilities for the application of other therapeutic 
interventions (Fig. 5). The effect of HBO in our experimental material can be ex- 
plained by the decrease of oxygen consumption of tissues, the inhibition of activi- 
ties of certain enzyme systems as well as by the improvement of the metabolism 
of tissues (Fig. 6). The conclusion can definitely be drawn that  the necrosis takes 
place much slower in the animals treated with HBO, which gives more advanta- 
geous possibilities for application of other surgical or pharmacological therapies. 

Fig. 4. a Hyperbaric oxygen chamber and registrating apparatus, b A simple, well applicable 
variant of the hyperbaric chamber 
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Fig. 5. The diagram indicates in percentage the rate of recovery of the limbs of animals 
treated with HBO 

Fig. 6. a The I-IBO treatment induces the appearance of a network of alkaline phospbatase 
at the border of media and adventitia. Naphtol AS-phosphate method, b A regenerated 
intimal layer displaying aspecific esterase activity appears above the damaged media. Naphtol 

AS-acetate method 

The Forensic Medical Problems ol the HB0 Therapy 

The exper imental  and clinical results seem to prove undoub ted ly  t ha t  the HBO 
therapy  represents a good method coming more and  more into general use and 
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giving good results in m a n y  fields of the medical practice. Of course, the method  
has some own limitations and strong fields of indication. However,  it seems to be 
necessary for the forensic medicine, parallel with the publici ty of this method,  to 
s tudy  in detail it as a new therapeutic  process and to take a s tand on the questions 
being open yet.  The thorough examinat ion of the problems of the HBO therapy  
can offer a basis for the experts in forensic medicine to be able to take a s tand in 
the questions arising during the application of HBO therapy.  This involves not  
only the eases taking place as consequences of non-observance of the strict 
technical rules of  application of the H BO  treatment ,  bu t  also those arising from 
the indications being not  enough cautious. As every new therapeutic  method,  it 
propagates  widely at the beginning and the criticism against the method elabo- 
rates later the real fields of indication. Thus the forensic medicine m a y  contribute 
to the correct indication of the method by  detailed investigation of the problems 
of the procedure. 

The trends of research in forensic medicine have undergone significant changes 
during the last decade. The detailed analysis of  the morphological problems 
connected with the HBO  therapy  created a possibility during our experiments to 
obtain own experience being of practical  importance for the clinicians. We are of  
the opinion tha t  our experimental  results and the possibility of their application 
well demonstra te  the change of connections having been formed recently between 
the clinicians and the experts in forensic medicine. 
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