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Review article

HYPERBARIC MEDICINE IN CROATIA - A

Medicina 1993:29:33-38

REVIEW AND

PERSPECTIVES

Nadan M Petrii Hasan Kovacevié, Dejan Andri¢

SUMMARY

A short review of the most important achievements in hyper-
baric medicine in the world and in the Republic of Croatia
is given. For the first time, the Croatian List of Approved
Uses is presented, although it has never been formally confirmed
by the National Health authorities. The authors advocate the
idea of a network of monoplace and multiplace hyperbaric
chambers to cover the country.

Key words: hyperbaric medicine, hyperbaric oxygen, indications
for HRO

INTRODUCTION

Hyperbaric medicine is no longer a witcheraft
or a method in search of diseases.? The essential
readings on hyperbaric medicine could be found
elsewhere.* After more than 50 years of experience
hyperbaric medicine has become a modern method
accepted worldwide, of proved efficacy, respected
and needed. However, it has not been developing
in the Republic of Croatia in the way we consider
necessary and adequate. There are at least two
main explanations;

1. Hyperbaric chambers are available at a cost
that has been a major problem to the majority

of general hospitals and clinjcal centers in our
country,

2. Hyperbaric medicine has not been given an
important role in the medical curriculum and
training of medical students and residents,

At this time there are only four specialists in
Croatia trained in undersea and hyperbaric
medicine, and only one hyperbaric medical facility
at the Undersea and Hyperbaric Medicine Depart-
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SAZETAK

U radu se daje kratak prikaz najvaznijih dostignuéa hiperbari¢ne
medicine u svijetu i u Hrvatskoj. Prvi puta objavljuje se Hrvatska
lista  prilvacenih indikacija, iako je formalno nije  potvrdio
Republicki  fond zdravstvenog  osiguranja i zdravstva, Autori
zagovaraju ideju o formiranju mreze jednomjesnih i vigemjesnih
hiperbariénih komora, koja bi trebala pokriti gitavu zemlju.

Kljuéne rijeéi: hiperbaricna medicina, hiperbariéni kisik, in-
dikacije za HBO

ment of the Naval Medical Institute of the Croatian
Navy in Split (UHMD NMI), with a large two-lock
walk-in chamber, To our knowledge, there are no
other facilities ready and able to provide hyperbaric
medical treatment, except one monoplace hyper-
baric chamber in Pula, available for diving emer-
gencies only. Most of the experience in hyperbaric
medicine in Croatia has been gathered at the
UHMD NMI during the past 25 years. It is known
only to few members of Croatian medical com-
munity, mainly in Split and Rijeka, that some
major achievements in hyperbaric medicine, a part
of medical heritage of the world, originate in
Croatia. One is the work done by Raéi¢ on
peripheral facial nerve palsy and the effect of
hyperbaric oxygen (HBO) in its treatment™” and
the other is the work done by Boji¢ on glaucoma,
retinopathy, and ischemic optic nerve neuropathy
and HBO as a method of treatment ! These
results are quoted by senior authors in the most
prominent medical papers and books, 12 We put
HBO high on the list of medicines when Bell's
palsy and open angle glaucoma are concerned,
while the results on ischemic optic nerve disease
and retinopathy are promising. Perhaps the first
prospective douhle-blind clinical study that has sver
been performed on the influence of HBO on
arterial occlusive diseuase of the lower limb was
done by Kovagevié.'*** But. surprisingly enough, it
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seems that HBO is not recognized in Croatia at
all’” It should be emphasized that there hag never
been a single, not even g minor, accident in the
hyperbaric medical facility at the UHMD NMI for
over 25 years. However, there are only limited
possibilities in Croatia to do basic research in
biochemiatry of HBO (free radicals, reperfusion
injury, oxygen tissue and cell partial pressure level,
ete.), thus limiting research to clinical studies, only.

HYPERBARIC MEDICINE IN THE
WORLD TODAY

According to the availabje data, there are some
2,100 hyperbaric chambers in the world, More than
1,200 are in the territory of the ex-Soviet Union
and the number js rising yearly’s It js assumed
that there are more than 5,000 monoplace cham-
bers currently in use around the world.”® The
number of chambers per million inhabitants s
presented in Figure 1. At this time there are eight
medical journals and three newsletters publishing
articles mainly in the fielq of hyperbaric medicine,
Also, there are seven national and international
medical societies and two agencies in the United
States for certification in the specialty of hyperbaric
medicine.' Since hyperbaric medicine was recog-
nized as g specialty recently (United States, only),
most of the contemporary experts in hyperbaric
medicine have another primary medical specialty,
Although the achievements in hyperbaric medicine
are presented annually in a vagt number of pub-
lications, medical Jjournals, books, handbooks, and
workshop reports,” what really makes a method
effective is its applicability. Lists of indications and
approved uses in the world today differ from
country to country, The most famous and perhaps
the most strict one is, in our opinion, that of the

East Germany
Scandinavia
Eastern Europe
West Germany
Spain

Belgium [
Benelux
Switzerland
France

Great Britain

Italy

Figure 1. Number of chambers per milljon inhabitants
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Undersea and Hyperbaric Medical Socjety
(UHMS), Bethesda, Maryland, USA2 To oy
knowledge, there are Some other lists, too: Iju
of the American College of Hyperbaric Medicine,
List of the Chinese High Pressure Oxygen Com-
mittee, List of the Japanese Society for Hyperbaric
Medicine, and the list based on the USSR Ministry
of Health Decree, 2 Reading all of them inevitably
brings up certain suspicion, criticism or disagree-
ment (Tables [ to 5), It s up to the reader to
evaluate the rationale for g of the indications
listed. As for us, we have asked ourselves so many
times whether to try or not to do something that
others had already tried and reported success,

Table 1. List of Approved Uses of the Undersea and
Hyperbaric Medica] Society (Revised 1989)
L Air or gas embolism
2. Carbon monoxide poisoning and smoke inhalation
3. Carbon monoxide complicated by cyanide poisoning
4. Crush injury, compartment syndrome, and other acute
raumatic ischemias
5. Decompression sickness
6. Enhancement of healing in selected problem wounds
7. Exceptinnal blood Joss (anemia)
8. Necrotizing soft tissue infections (subcutaneous tissue,
muscle, fascia)
9. Osteomyelitis (refractory)
10, Radiation tissye damage (nslc:'u‘:uiimwcmsis)
LI Skin grafts and flaps (compromised)
L2, Thermal burns

Table 2. List of indications for hyperbaric oxygen o
the American College of Hyperbaric Medicine (1983
Emergency indications:
Lo Air embolism
2. Decompression illness
3. Burns
4. Carbon monoxide poisoning
5 Cerebral edema
6. Closed head injuries
Crisis of sickle cell ancemia
8. Cyanide poisoning
9. Exceptional blood loss ancmia
L. Blast injury
LI Cias gangrene
L2 Hydrogen sulfide poisoning
13, Near drowning
14, Near clectrocution
15, Near hanging
[6. Peyote poisoning
17, Severed limbs
18. Smoke inhalatjon
19 Tleus
Specific neurologic indications for hyperbarie uxygen:
L Air embolism
a)  Decompression induced
b)) Tatrogenic
2. Cerebral edema

a)  Toxie encephalopathy
h)  Vasogenije
b) Traumatic

3. Spinal cord contusion



Petri et al. Hyperbaric medicine i Croatia

a)  Physiological transection
b)  Partial motor or sensory loss
4. Early organic brain syndrome
a)  Small vessel discase
5. Stroke
a)  Acute
b)  Chronic
6. Vegetative coma
a)  Closed head injury
b)  Hypoxic encephalopathy
7. Multiple sclerosis:
a)  Acute
b) Relapsing/remitting
c)  Chronic progressive
8. Cranial nerve syndromes
a)  Trigeminal neuralgia
b)  Optic neuritis
¢)  Vestibular disorders
d)  Sudden deafness
€)  Brain stem syndrome
f) Retinal artery veclusion
9. Peripheral neuropathy
10. Charcot Marie’s Tooth Dis.
1L Radiation myelitis
Orthopedic indications for hyperbaric oxygen
L Crush injurjes
2. Soft tissue swelling
a)  Traumatic
b)  Cellulitis (infection/mixed flora)
3. Compartment syndrome
4. Acute necrotizing fascitis
5. Clostridial myonecrosis
6. Severed limbs and digits
7. Acute and chronic osteomyelitis
8. Bone grafting
9. Fracture/non-union
10, Tendon and ligament injuries, post surgical repair
1. Delayed wound healing
12, Stump infections
13. Edema under cast
Miscellaneous indications:
L. Peripheral vascular uleer
) Arterial
b)  Decubitus
c) Neuropathy related
d) Venous
2. Gangrene (wet/dry)
3. Buerger's disease
4. Frostbite
5. Diabetic retinopathy
6. Retinal artery ocelusion
7. Retinal vein thrombosis
8. Lepromatous leprosy
9. Migraine
10, Pneumatosis cystoides intestinalis
Ll Pseudomembranous colitis
12. Rheumatoid arthritis (acute), sclerodermia
13, Sickle cell erisis and hematuria
14. Peptic ulcer
15, Myocardial infarction
16. Post-cardiotomy low output failure
17. Radiation cystitis and enteritis
18. Refractory mycoses

Medicina 1 993:20:33-38

Table 3. List of indications for hyperbaric oxygen in
the ex-USSR (USSR Ministry of Health Decree, 1975)

[-GENERAL REMARKS

(a) Hyperbaric oxygen therapy is absolutely suitable for the

following indications:
I-Carbon monoxide poisoning
2-Hemoglobin poisoning
3-Gias gangrenc
4-Gas embolism
(b) HBO treatment is recommended in association with
other treatments in the following conditions:

I-Acute and chronic difficultics with the arterjes of the

lower limbs
2-Chronic coronary ischemia
3-Peritonitis

4-Hemoglobin poisoning by carbon monoxide and by

barbiturates

5-Post hemorrhage

b-Anaerobic infections

7-Newly born and premature babies hypoxia
8-Alter radiotherapy and prior to surgery in lung,
mouth mucosa, and uterus cancers

9-Pre-surgery preparation for cardiac acquired or

congenital malformations, to help blood circulation in

high risk surgery
10-Preparation for surgery on the aorta and its
cephalic branches

L1-Preparation for cardiac malformation surgery

(¢) The wide use of monoplace chambers in USSR led 1o
research in the HBO Department in the Lenin Institute
Medical Center. After setting up the list of indications,

the list was submitted for amendments to 68 experts

from the different HBO centers of the USSR,
(d) No mention is made about the use of multiplace

chambers for surgery. This is due to the absence of

multiplace chambers in the USSR,
ILINDICATIONS FOR THE USE OF HBO
L. Vascular pathology

L1 Arterial obstruction of the limbs before and after

surgery (embolism, traumas, thrombosis)
L2 Obstructive arteriopathy of the limbs
L3, Arteriosclerosis
L4 Gas embolism in the blood vessels
L5, Uleers caused by defective blood cireulation
2. Heart pathology
2.1 Heart strain
2.2, Heart rhythm disturbances
2.2.1. Drregular heart beat
2.2.2. Paroxysmal extrasystole
23, Cardiac insufficicncy
231 Decompensation in acquired cardiac
malformations
23.2. Cardioselerosis decompensation

2,33, Cardiac insufficiency after heart surgery

2.4. Heart contraction disturbances

250 ¢ ‘ardio-pulmonary insufficicney
3. Lung pathology

3.1 Lung abscess hefore and after surgery

3.2, Nonspecific chronic lung affecti

cardio-pulmonary insufficiency s

5 With

4. Gustrointestinal pathology

4.1 Stomach and O

4.2, Intest ¢
Pos ¥
3. Liver path 2
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5.L1. With encephalitis disturbances (stages | 154, Chloroxide poisoning
and 2) I5.5. Phospho-organic inseeticides poisoning
5.1.2. Without encephalitic disturbances but with (Carbophosphorus)
rapid evolution
52. Liver cirrhosis Table 4. Chinese High Pressure Oxygen Committee List
53. Mechanical jaundice of Indications (1982)

54.  Hepatic insufficicncy after resuscitation
3.5, Toxic hepatitis (hepatatropic poisons)
6. Central nervous system pathology

Class 1 - Main indications
L Carbon monoxide poisoning

. ; : 2. CGas gangrene
6.1 Brain vessels gas embolism 19 Song ; ;
62. Brain ischemiq 3. Decompression sickness
6.3, Cranial trauma ‘} Air cmlm!:sn; e
6.4.  Posthypoxic encephalopathy ; i\cu;u Cemfrat rotinitls
6.5, Botulism 7' (f]d o -y
6.6. Cervical spinal cord trauma o s pfuw{ung .
7. Eye pa thology 8. Hypoxic disorders of (he brain
1. Acute retinal ischemia 9. Drug intoxication, e.g., barbiturates
73 Refng dystrophy Class 2 — Adjunctive therapy
72. Diabetic retinopathy L. Severed limbs: reconstructive surgery
T4, Optic neuritis by methanol intoxication % P.CI‘IPI'IL?I'M c"‘c“hlf"-y lznlurc. N :
8 Erdocns pathology 3. Coronary artery disease: angina, myocardial infarctjon
8.1. Diabetic arteriopathy 4. Central retinal artery ocelusion
oL = A . .
8.2 Diabetic ulcers ang polyneuritis o I[.“}LIICIHIC wwhlf'l "I,"’c‘lb"
83. Toxic soiter 6. Thrombo-cmbholic disorders
9. Facial and maxillar patholngy 7. .Stld.dcn (Ic:lt‘nc.%' ; n
9.1 Paradotitosi 8. Peripheral circulatory insufficiency
7 f ATTE
. ! y
9.2, Facial phlegm :' l'llll‘n.& 5
93.  Maxillary osteomyelitis 10 Meniere's e . o
94, Necrotic gingivitis and stomatitis Ll Late sequelae of carbon monoxide poisoning
9.5. Facial actinomyeosis {2 Non specific viral hepatitis
10. Bone pathology : 13, Chronie osteomyelitis
10.1. Fractured limbs with bload circulation disturbances :: :iun-.mu::.n af mfd"ms o
10.2. Fractures in an arteriopathic or diabetje patient l;. (_Im't']_l"dm”"'tmm ARl ot tasue damags
10.3. Delayed fracture solidification X _"M“L_ and duodenal ulcers
LL Obstetrics pathology e l_“"“'_yl“ uleors N
1L1L Abortion by placental ischemia 4 (..mdmpulmnnm}' Helistiiafion
k4 3 " i b l_ "CTe Y ol
LLLL Threats of ahortion of endocrine origin s {t’“'bm,l Ldu_"‘] ; .
1119 Pliosiial hypoxia 20, Shock, including postoperative shock in heart surgery
ILL3. Fetal hypoxia Class 3 — Rescarch indications
LR T [ «

Acute cerebrovascular disorders
Chronie peripheral vascular disease

11.1.4, Pregnancy neuropathy (stage 1 and 2) ;
3. Chilblain
4
3

1115, Pregnancy with immunological conflict
LL2. Pregnancy complications by extragenital pathology
LL3. Pregnant or delivered mathers in critical state
LL3.1. Coma afier celampsia

Tetanus
Pityriasis rosen

2. Newly-born babies pathology % l‘l{he_r‘c_l'”u_'(_" FHytiiema . i —
12.1. Asphyxia during delivery ; Il)lblllllkl:lfliﬁl"ili'lfl‘Ii‘lllhi lbc{(ﬂl;ﬁ].it‘: ‘t.Jt head injury
12.2. Brain-blood cireulation disturbances (,‘ SI:H::‘FL:;LIlla:tublll;.lllllrzlI T
12.3. Newly-born babijes hemolysis T e el
12.4. Uleero-neurotic enterocolitis - M“’:"s”wm"

12.5. Phlegm M. f‘\glmg : i
1 Chencral surgery infections 12, Spinal cord ang peripheral nerve Injury and

inflammation

13.1. General septic abscess in spite of ineision ;
13, Bronchial asthma

13.2. Infectious peritonitis with surgical removal of

initial lesions 14 Cancer therapy combined with radiation
14 Wousd pathology 15, Oral inflammatory disease
14.L. Clostridial infection 10 Nerve deafness
142, Wound abscess in spite of drainage o . . ) s :
14.3. Prophylactic trearment of wound infected afier I‘.IHB et J.dp.mcme Saciety f_m Hyperbaric Medicine List
open trauma of Indications for hyperbaric Oxygen (1985)
144, Granular wound

Emergency (acute) indications:

4.5 Wound with superticial burn L Acute carbon monoxide and other gas-induced
14.6, Post-surgery wound intoxication, including delayed intoxication

15, Exogenous poisoning 2. Gas gangrene
I5.L. Carbon monoxide poisoning 3. Air embolism ang decompression sickness
15.2. Poisoning of the hemoglobin 4. Acute peripheral vascular disorders:

151

5 Cranide: poisoning a)  Severe burm injury and frostbite
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b)  Combined with large crush injury or massive
vascular damage
3. Shock
6. Myocardial infarction and other coronary insufficiencies
Consciousness disorders and brain edema after brain
embolism or severe eranjal injury
8. Acute and severe hypoxic disorder of brain
Paralytic ileus
10. Acute obstructive disorders of the retinal artery
LL. Sudden deafness
12. Severe spinal cord disorders
Nnn—cmcrgcm:y (chronic) indications
Malignant neoplasms, combined with radiation or

chemotherapy
2. Peripheral circulatory disorders with refractory ulcers
3. Skin grafts
4. SMON (Subacute mycIo-opticoneuropalhy}
5. Motor paresis, as the later sequelac of cerebrovascular
attack, severe cranial injury or craniotomy
6. Delayed syndromes in carbon monoxide intoxicatjon

7. Spinal cord neuropathy
8. Osteomyelitis and radiation necrosis

Table 6. Croatian List of Approved Uses - List of
indications for hyperbaric oxygen as accepted at the
Naval Medical Institute of the Croatian Navy
Decompression sickness
Acute forms (Type T ang Type II)
Dysbaric osteonecrosiy
Arterial gas embolism
CO poisoning (smoke and cyanide inhalation)
Radiation tissue injury
Compromised skin grafts and flaps
Sudden deafness of different origin
Open angle glaucoma
Bell’s palsy
Acute traumatic ischemin
Crush syndrome
Compartment syndrome
Frost-bite injury
Clostridial myonecrosis (gas gangrene)
Necrotizing soft tissue infections
Problem wounds
Acute and chronic arterial insulficiency of different origin
Atherosclerosis (2nd 1o Hih degree, including diabetic
angiopathy)
M. Biirger
Syndrome and M. Ruavnaud
M. Crohn
Allergic vasculitis
M. Sudeck
Thermal burns
Refractory asteomyelitis
Exceptional blood loss

* For practical reasons only the old classification of diving related
dysbaric diseases has been used. New classification recognizes Decompres-
sion lllness and Barotrauma, For further reading please consult Gorman
D. F. A proposed dlassification of the decompression illness. I Francis
TIR, Smith DI, eds. Describing decampression iliess, Proceedings of the
Lud Undersea and Hyperbaric Medical Society Workshop, Bethesda, D,
UHMS, 1991:42:6-9,

Medicinag 1 993;29:33-38

IS THERE THE CROATIAN LIST OF
APPROVED USES?

Such a list does not formally exist. At this time
it is not quite clear who in the Republic of Croatia
should confirm it. This issue brings up two aspects
of the problem: financial and scientific. During
the last 25 years, we at the UHMD NMI have
been gathering experience, using experience of the
others, and working, though slowly and cautiously,
but constantly. Table 6 presents a summary of the
former, and could be understood as the Croatian
List of Approved Uses of HBO. The list has not
been confirmed by the state authorities, but this
is expected in the near future,

PERSPECTIVES
MEDICINE IN CROATIA

There will be no perspectives at all without
investing in future facilities. In our opinion, they
are absolutely necessary in Zagreb and Rijeka,
major university centers in the country. Genera
hospitals in Pula, Zadar, Sibenik, Dubrovnik, Kar-
lovac, Sisak, Varazdin, Bjelovar, Slavonski
Osijek, and special hospitals for orthopedic surgery
and traumatology in Lovran and Biograd na moru
should have monoplace chambers at least (Fig-
ure 2),

OF HYPERBARIC

jf“;gm,.\
ﬁzmazs Ho&/ﬂ

Bma B

Slavonski

&, Existing
W Multi-place chamber
Mono-place chamber

Figure 2. Possible
Croatia

It is considered essential today that a hyperbaric
chamber should always be at the site if surgery
with a certain amount of risk of arteriul gus
embolism is to he performed, not to mention
open-heart surgery,™ This major project could he
accomplished at present time ut a price of ap-
proximately two million US dollars, In the coustal
area it would attract recreational
diving would be much safer, When
being of the people  and
taken into consideration, it i
price. The financiul rationale i 1 1d
of this puper. Our recommendation s

hyperbaric  chambers network in

divers. since
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based on the clinical experience, but we do support
the opinion that clinically based hyperbaric
medicine programs should be carefully chosen,
understanding that there might be other priorities
in a country in which the images of war are stil]
on the front pages Nevertheless, during the
Serbian aggression we have been treating numerous
war casualties before and after surgery, in cases
when gas gangrene or anaerobic infection were
suspected or evident, and to enhance wound heal-
ing. Casualties have been coming mainly from the
battlefields in the vicinity of Split, but also from
the field hospitals from relatively distant bat-
tlefields. Unfortunately, an unknown number of
casualties from distant battlefields remained un-
treated. Recently, an interesting idea has been
brought up, according to which monoplace cham-
bers could be operated in primary health care
centers, too, if such a need Were recognized, and
found reasonable (Kovagevié H. and co-workers,
in Preparation). Another network of monoplace
chambers would, in this way, cover the places not
mentioned in this article, UHMD NMI could serve
as a basis for the future network, since it is the
only institution in the country experienced in HBO,
and ready to accept resident physicians for training
in hyperbaric medicine,

CONCLUSIONS

Hyperbaric medicine in Croatia does exist al-
though there is only one multiplace hyperbaric
chamber in the country of 4.6 million inhabitants,
what is obviously not enough. For 25 years hy-
perbaric medical facility in Split has been operating
successtully and has made some major contributions
to the world medical heritage. The Croatian List
of Approved Uses proved its validity through the
years, although it has never been formally recog-
nized by the national health authorities. Two major
university centers (Zagreb, Rijeka) have been, so
far, functioning without hyperbaric medical
facilities. There is an obvious and immediate need
to change such practice, Development of basic
network of hyperbaric chambers should be started
without further delay and hesitation, and
monoplace chambers should he provided to general
hospitals statewide. This appears to be an expensive
task, but it has several benefits, Hyperbaric
medicine should be given more important place
in the curriculum at medical schools in Croatia.
We consider that not only should it be recognized
as a specialty but it should also become a part
of medical training of residents at least in surgery
and anesthesiology.
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