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HIPERBARIK OKSIJEN TEDAVISI

Bir basing odasi icinde tumuyle basing
altina alinan hastaya 1 atmosfer absolut (ATA; 760 mmHg)
uzerinde aralikli olarak % 100 oksijen solutulmasi seklinde
uygulanan, invaziv olmayan, medikal bir tedavi yontemidir.



1 ATA'lIk normal atmosfer basincinda (760 mmHgQ)
%100 oksijen soluma ya da oksijenin topikal kullanimi
“Hiperbarik Oksijen Tedavisi” olarak kabul edilmez.
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TARIHCE

. Aristoteles (384-322 M.O.)

« Natura abhorret a vacuo »

. Evangelista Torricelli (1608-1647)

« Viviamo sommersi nel fondo d'un pelago d'aria »

. Blaise Pascal (1623-1662)

Experiences nouvelles touchant le vide ("New
Experiments with the Vacuum®)

. Otto von Guericke (1602-1686)

« Magdeburg hemispheres »

. Nathaniel Henshaw (1628-1673)

« Domicilium » ik basing odasi (1662)

. Robert Boyle (1627-1691)

« Machina Boyleana, Pnodmatik motor » The
Sceptical Chymist ..... PxV=P,xV,

. Carl Wilhelm Scheele (1742-1786)

« Hard-luck Scheele » .... Isaac Asimov

. Joseph Priestley (1733-1804)

« Filogistonsuz hava »

. Antoine Lavoisier (1743-1794)

« Oxys-genes » Filogiston teorisinin sonu

. Thomas Beddoes (1760-1808)

« Pneumatic Institution » James Watt

W

Height of
mercury
column

Pressure due to
weight of mercury

Air pressure Air pressure

Mercury resenvoir
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"CAISSON" CALISMALARI
. Jacques Triger (1801-1867)

Triger Yontemi, Mines de Chalonnes sur Loire,
1839

Royal Albert Bridge, 22,8 m, Saltash, 1859,

25 calisanda dekompresyon hastaligy, ikisinde
parapleji, birinde hemipleji, birinde koma = Candy
Forth Képristi, Thames Tineli, Eyfel Kulesi, TBM £ §

. James Buchanan Eads (1820-1887)

Eads Koprusu, St Louis Missouri-l1llinois, 1867-74
Dr. Alphonse Jaminet, 127 ft (38,7 m), 119 DCS, 14
olam.

. John Agustus Roebling (1806-1869)

Brooklyn Képrisu, Brooklyn-Manhattan, 1869-83
Dr. Andrew Smith, 77 ft (23,4 m), 110 DCS olgusu,
mortalite 3.

. Charles M. Jacobs (1850-1919)

Hudson Ttneli, New jersey-Manhattan, 1874-1908
Dr. James Leonard Corning, 72-65 ft (21,9-19,8 m),
mortalite bilinmiyor (%257?), New York Herald, o e
Coroner Schrady vs PRR, 1890°da ilk S o D 4pastiron concstelnod umls |
rekompresyon odasi uygulamasi :

ergen

B
Hill

C. 4 concrete tunnels E. 4 concrete tunnels

How PRR tracks reached Manhattan. The underwater sections, though usually called tunnels, are really tubes, suspended in silt.



BILIMSEL TEMELLERIN
OLUSUMU

PRESSION BAROMETRIGUE

Paul Bert (1833-1886), Fizyoloji, Sorbonne
* Yiiksek irtifa fizyolojisi, Akut Dag Hastahgi, Hipoksi
e Yiiksek basing fizyolojisi, Dekompresyon Hastalhigi

*  Solunum fizyolojisi, Oksijen Dissosiasyon Egrisi, Parsiyel
Oksijen Basinci

* Yasam Destek Sistemleri (LSS), «Zenith» balonu, 8000 m
e MSS Oksijen Toksisitesi «Paul Bert Etkisi»
John Scott Haldane (1860-1936), Fizyoloji, Oxford

» Pikes Peak Seferleri, 1911, Haldane & Douglas (Oxford),
Handerson (Yale), Schneider (Colorado Collage)

* Respiratuar diirtii, «Haldane Etkisi», Kan gaz1 analizorii

Amerika

The Physiological
Effects Of Air
Vitiated By

a! D D

* Siipersatiirasyon (asir1 doyma), Yarilanma omrii konsepti,
«Kademeli dekompresyon»

* Madencilerin, Dagcilarin ve Dalgiclarin kurtaricisi

Oxygen Poisoning and X-irradiation:

James Lorrain Smith (1862-1931), Patoloji, Edinburg A Mechanism in Common

Rebeca Gerschman,

* Pulmoner Oksijen Toksisitesi «Lorrain Smith Etkisi»
* Respirasyon, Oksijenin Transportu




Prof Dr Orville James Cunningham,
Kansas Universitesi, Anestezi Departmam
«Timken Tanky», «Cunningham Senatoryu
Steel Ball, Cleveland, 1921
64 {t (19,5 m) capinda, S kath
$1,000,000 maliyet

Ispanyol gribi (yalmzca ABD’de
500.000-675.000 6ltm)
Diabetes mellitus, sfiliz, kanser,
anemi

Bu hastaliklarin etiolojisinde
anaeroblarin rol oynadigina
inanihiyordu

Sabah ya da 6gleden sonra
gerceklestirilen her bir seansin
icin $3, tiim gece konaklama $6
14,7 psi, 1 bar, 2 ATA



Tedavinin sonuc¢lariyla ilgili hicbir rapor yayinlanmamis olmasi AMA’y1 (Amerikan Tip Dernegi)
harekete gecirdi, dernek tedaviyi kinadi, Cunningham’r emeklilige zorladi. Celik yapi sokiilerek
I1. Diinya savasinda tank uretiminde kullanilmistir.




Prof Dr Alvaro Ozorio de Almeida, Fizyoloji, Rio de Janeiro Universitesi
Hiperbarik oksijen tedavisiyle iliskili temel ve klinik arastirmalar, 1934
» Malignite (HBO & Radyoterapi)

> Lepra

» Gazh gangren

» HBO’nun toksik etkileri



UNITED STATES
NAVAL
MEDICAL B

PREFACE
NOTICE TO S8ERVICE CONTRIBUTORS
BPECIAL ARTICLES:
Tae Trexo or Venereal Disease v e Unrrep Srates Fueer.
By K. C. , United Btates
Navy... o e
Homan Yaws.
By C. 8. Butler, Rear Admiral, Medical Corps, United States

Prxsent Dar Concerrs or ENDocRINOLOGY.

By Paul F. Dickens, Lieutenant Commander, and Omar J. Brown,
Lieutenant, Medical Corps, United Btates Navy. .. _.......
AcTive IumuxizaTion Acainst Teravvs wite Teranve Toxoin.
By W. W. Hall, Licutenant Commander, Medical Corps, United
Btates Navy.. CoEEEE o S
Tae NavY aAND APran(crnu.
By Lucius W. Johnson, Captain, and Horace R. Boone, Com-
mander, Medical Corps, United Btates Navy.cueeeeeuann.s
Tae Srecratisr Vensus Tae Navar Borczon.
By George F. Cottls, c.pm.n Medieal Corpe, United States
Navy.. e EE—
AVIATION Mlmcnu

By John W. Vann, Commander, Medical ~ (Z) Aarmn Journal O Bl{) ogy’ ' s '‘H i )
Ax Evaivarion or a Monrmn Scaarsa Ms (3) Nielsen: En Oplivningsmetode. Ugest. f. Laeger, 1032, 94: 1201.

REsrIRATION.
By F. 8. Johnson, Commander, Medical |
Navy, and J. A. Hawkios, D. Be., am
Lieutenant, Medical Corps, United Btate
— Tux Use or OxroEx IN THE TREATMENT oF (

Mt Betmke, Tisteosst, uor , THE USE OF OXYGEN IN THE TREATMENT OF COMPRESSED-AIR ILLNESS!

United States Navy, and Louis A. Shaw, |
of Physiology, Harvard Behool of Pu!

Massachusatte, - oo oooeooo oo By AisxeT R. BRHNKE, Lieutenant, Medical Corps, United States Navy, and Loums A. 8HAwW

Parmoroarcan Fucrl:rnn
By Foster H. Bowman, Licute

United States Navy, roired-.. ... The early investigators (Bert, 1878; Zuntz, 1897; and Heller,

CLINICAL NOTES:

ACuwros Dugrows_-...... Mager, and von Schrotter, 1900) concluded largely as a result of
By Albet Solland, Conmaner, Medieal | theoretical considerations that recompression combined with oxygen
inhalation provided a rational and effective treatment for compressed-

air illness. Oxygen inhalation, however, has been neglected probably

1 From the Department of Physiology, Harvard School of Public Health, Boston, Mass. Received for
publication Bept. 6, 1935. This ressarch was aided by the Miriam Smith Rand fund.




1955 Churchill-Davidson

(Radyosensitivitenin arttirilmasi amaciyla)

Boerema, Hiperbarik Oksijen Tedavisi+Kalp cerrahisi
“Life without blood”

1959 W.H. Brummelkamp,
Anaerobik Enfeksiyonlarda Hiperbarik Oksijen Tedavisi

1960 G. Smith & G.R. Sharp
Karbon monoksit Zehirlenmelerinde Hiperbarik Oksijen
Tedavisi



1955 Churchill-Davidson, Radyoterapist, Londra,
TUumaor radyosensitizort (radyosensitivitenin arttirilmasi amaciyla)
Monoplace basing odalarinin ilk klinik kullanimi
Oldukga genis bir gesitlilikte tumorler 60’lar boyunca HBO seyrinde 1sinlandi
Uzun donem sonuglar kullanimi desteklemedi, 70’lere gelindiginde ilgi azaldi
Yakin donemde bu kullanima yeniden ilgi duyulmaya baslandi (Ogawa et al., Phase Il

trial of radiotherapy after hyperbaric oxygenation with chemotherapy for high-grade
gliomas. Br J Cancer. 2006 Oct 9;95(7): 862-8)

YVVVVY

Brit. §. Anaesth. (1955), 27, 436

analysing gas bubbles introduced beneath  sufficient indication for its use.

the skin and by the use of a platinum elec-

trode. Taylor (1949), using the first SUMMARY

method, showed that the oxygen tension It has been suggested that X-ray treat-
under the skin of cats was doubled if ment given during the breathing of
oxygen at 1 atmosphere was breathed, oxygen at high pressure may have an

Fia. 1
The pressure chamber in position und
Patient, prepare

while Montgomery and Horwitz (1950),
using the second method, estimated the
tensions reached at 1 atmosphere as
200-400 mm Hg under the skin of human
volunteers, Neither of these methods is
very reliable, but it is hoped that develop-
ment of the platinum electrode will enable
more accurate estimations to be obtained
in some future cases in this work.

In the meantime the optimum condi-
tions in practice will have to be deter-
mined empirically. The use of pressures
in excess of 1 atmosphere involves a
considerable complication in technique

increased effect.

Eight patients with carcinoma have
been treated in this way under general
anaesthesia.

The physiological and technical
aspects of anaesthesia under these con-
ditions are discussed and the method used
is described.

No serious complications have been
encountered.

The effective rise in tissue oxygen ten-
sion is discussed and the necessity for the
usc of general anaesthesia considered.



Hyperoxygenation: Physiology (The

Start)

Dr. Ite Boerema
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Life without blood

(A stody of the infllpenee of bigh almospheric pressure and hypothermin

on dilntlon of the blood)

iy
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mcygen at a Dtew.ure ef tnree atmosp;‘eres Now we \‘ounc that the haemoglobin level could be decreased much
lower than at normal pressure. When after saveral experiments all the difficulties were mastered, 2nd we saw that the
animals survived the experiments, we were finally able to wash out practically all of the red celfs. In the last series all
the animals survived. The lowest haemoglobin lavels were 0.6, 0.5 and once even 0.4 percent.

In the last cases macrodex was used instead of plasma. Even here the results were good.
Summary

The authars lowered the level of haemoglobin in young pigs to 0.4 per cent, exchanging the blood by plasma or
by meomacrodex. The animals, breathing oxygen at @ pressure of 3 atmospheres in a high pressure tank, lived for

45 minutes with a level of hasmoglobin not compatible with life when at normal atmospheric pressure.

During all this time the EEG showed no pathological changes, the circulation and blood pressure remained
spontaneously normal.

Reéovery was uneventful after re-infusion of normal blood.
(*) Professor of Surgery

| Cardiovass Surg 1959; 13 133-148

- 1 —

Prof Dr Ite Boerema, Cerrahi, Amsterdam Universitesi

Kardiyak cerrahide «hipotermiyi» ilk uygulayan

Hipotermi ve 3.0 ATA'da oksijen solunumu ile kdpeklerde kross klemp zamaninin 3-11 dakika
arttinimasi, Hollanda Kraliyet Donanmasi Okulu ¢alismalari, 1959

«Life without blood», J Cardiovasc Surg 1959; 13: 133-146

Karbon monoksit zehirlenmesi, ileus, hipovolemik sok, en dramatik sonuclar gazli gangrende

(mortalite oranlari %66, %23)



HBO’'nun fizyolojik rasyoneli

> 1 gr Hb 1,34 ml oksijen tasiyabilir.
» 100 ml kan (Hb 15 gr) 20,1 ml oksijen tasir.

» Hb % 100 sature iken arteriyel kapiller O, hacmi % 20 ml, ven6z

kapiller O, hacmi % 15 ml, aradaki 5 ml fark dokularda kullanilan

oksijendir.



30

Plazmada
Cozunmus

20

10

Kan O, igerigi (%vol)

200 600 1000 1400 1800 2000
_— ]

Kan PO, (mmHg)

(CaO, =15 x 1,34 x Sa0, + 0,0031 X Pa0,) (15 x 1,34 X %100 + 0,0031 X (80-100 mmHg) = 20,1 ml + 0,3 ml)



TOPLAM BASINC

ATA mmHg
1 760
2 1520

2.5 1900

3 2280

PAO, mmHg

Hava Solumu

102

262

342

422

PAO, mmHg
O, Solumu
673
1433
1813

2193




tants’ time r:qum.d wuulJ be 10,000 hours 3
ahn._r 3300 sessions, This calculation does not take into
account the time spent in travelling, which in most
hospitals must exceed the time spent on the consultation.
ot all the hours required will be additional w the present
commitments of the senior psychiatrists, because in many
hospitals they have always been consulted in a proportion
of casea. At any rate, the practicability of the Ministry's
recommendations should be watched, especially in hospi-
1als without psychiatric services of their own. Psychiatrists
bave far wo long pretended that there is hardly anything
they canmot take in their stride, often to the detriment of
their work and of their reputation. Psvchiotrists working
in teaching hospitals are no exception.

If the Ministry’s recommendations should prove im-
ble at present, some patients admitred after suicidal

ill have to be disc"in rapidly spreading gas-gangrene.
Treatment of gas-gangrene and other anaerobic infec-

seen by a psychiatrist, This
the staffing situation in psyc cl

Sn:med,]E (1050} Recent mzrr_-aa in Peychiatrys vol. 2, p. 691, Derking.

a60) 7. mns.

[1958) Attempeed Suleide, London,
FLM. Stationery Office, 1961,

Lmsk
Sulcide Act, 10(‘!, ch. 60, Flie. 2.

TREATMENT OF CLOSTRIDIAL INFECTIONS
WITH HYPERBARIC OXYGEN DRENCHING

A REPORT ON 26 CASES

W. H. BRUMMELEAMP

M.D. Amsterdam
FIRST ASSISTANT
1. BorrEMa L. Hc
M.D. Groningen MDD
PROFESSOR OF SURGERY BACTE
From the University Surgical Clinic, Wilke
Amsterdam, Holland

impossibility of arranging a tions began in Amsterdam in November, 1960 (Boerema
tvery case should be frankly and Brummelkamp 1960) as an offshoot of work which
that in some places the need had been going on since 1956 on high atmospheric pressure

will be kept to the minimum b

236 FEBRUARY 2, 1963

solved in the plasma and in |
the partial pressure of the

—Oxygen therapy in hyperbaric chamber.

Clostridiiom wwelchii INFECTIONS TREATED WITH HYPERBARIC OXYGEN DRENCHING

Site affected by
EHE-EAMETENE

|
Surgical
measures

| Cause 0 Previous surgical
[e

meages
treatment

Result
after | (amacrobic Hnd-result|
hyperbaric) Infection)

Cause and time of death

Proas muscle,
abdominal and
thorscic wall

Scrotum, inguinal
and umbar
regions,  abdom-
inal wall
7| M |DEEE xeated in
| ! pelvis

A.r1|:|P micdle  of

upper arm
| Deen-:entcd in
| pelvia

region

| Leg and thigh

Foot w inguinal

| Infection after leg | Disarticulation of
amputation for hip-joint clsewhere

arteriosclerosis 24 hr. before

Mo

Upper-arm xm]-yu.
tarion elsewhers

Compound frac-
fure t'm'u:rm
tctaen |

1

|
Drecubatal \|L<>|r of | ll.ulnn.l]
e, elsewhere

SCfotui

Fruscd twice
cleewhere

Ini’rctni piles

Cuze Died

Cure

Ursemu due o nunmd:mtm:
aortic occlusion 2 mos. after
cure

Dr=d Pulmonary embolism 14 days
after cure

Injection ud' 'b.lr— | Mone
biturate

Prostatectomy Mone

| lower-leg
i al‘IPUEﬂ—

Laescal incision

Compound  frac. | Mone

ture ankle

| Leg-stump, thigh,
into inguinal
region

Leg and :|'|I
abdoming

"M | Upromiddlet

Infection mas
tomy wou
positive=hla
| eultare

Leg w groin

Cure Died
No cure |

Cure

Cure ‘ Adive

Usnknown, hypesthermia 4
oays after admigsion

Died Gas-gangrene & hr.  after

d.ug:mm:

Alive

Mone

Leg amputation for Mone

chronie ulcer
Probably always BEtter to give antibiotics against secondary
or mixed infection.
Anti-gas-gangrene Serun

Small doses of anti-gas-gangrene serum had been
already administered elsewhere to a few patients. We
never used serum therapy, except in case 1.
Blood-transfusion

In view of the toxic heemolysis often seen in patients
with gas-gangrene we refrained from giving blood-
transfusions before treatment in the chamber. As a rule
1000 ml. of dextran (* Macrodex”) was given to treat
shock and to prevent the peripheral sludging and thrombo-
sis so frequently encountered in gas-gangrene (Kockenberg
1962). After a few hyperbaric sessions when the haemoly-
sis had usually stopped and the gangrenous process had
been arrested, the hamoglobin level and the plasma-
volume could safely be corrected.
Noradrenaline

Noradrenalme was used only twice (cases 6 and 10).
Both were deeply shocked. We believe that

Arm to shoul

B | | Tight 1eg 2
t

ook, lefe ley
mid-thigh

L stump
ﬁﬁnh

restoration of the blood-pressure by means of noradrena-
line-like compounds is undesirable because of the vaso-
constriction produced in the infected area.
Blood-culture

After the infection with Escherichia coli was missed in
case 10 we learnt the advisability of making blood-cultures
on all cases and repeating these whenever doubt arises.
Deroxication

The rapid detoxication seen in the treated patients was
astounding. The patient’s temperature usually dropped
abruptly, and many extremely ill, comatose, or delirious
patients regained their appetite and began to ear after

Cure

| Ative |
GEEIL 1Y Ui e,

With due precautions hyperbaric oxygen treatment is
safe for the patient.

26 patients with clostridial infections (type welchii)
were treated in the Surgical University Clinic of Amster-
dam. In only 1 of 26 patients can the cause of death b
directly related to the gas-gangrene, and in 1 other patient
the infection may have been responsible for the death.

REFERENCES
Boerema, 1. (1961) Sur ervﬁ“ 291,

Brummelkamp, 1960) I\’zd Tzldfﬂxr Geneesk. 104, 2458,
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chir. neerl. 8, 193,
cummclkamp, W. H., Boerema, L., Hoogendijk, J. L. (1961) Surgery, 8,

cida, 8. O Pacheco, G. (1941), Reo, bras. Biol. 1, 1.
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Hinton, D. (1947) ibid. 73

KIaDpcﬁP I BmmmclkaM\'ﬁ,W H., Hoogendijk, J. L. (1962) Pr, mid. 10,

Kockenberg, L. J. L. (1062) Bull, Soc, int, Chir, 21, 501

THE CLASSIFICATION OF
CARCINOID TUMOURS
E. D. WiLLiamMs
M.A., M.B. Cantab.
RESEARCH ASSISTANT, THE BERNHARD BARON INSTITUTE OF PATHOLOGY,
LONDON HOSPITAL, E.l1
M. SANDLER
M.D. Manc., M.R.C.P.
CHEMICAL PATHOLOGIST TO THE BERNHARD BARON MEMORIAL RESEARCH
LABORATORIES AND THE INSTITUTE OF OBSTETRICS AND GYN/ACOLOGY,
QUEEN CHARLOTTE'S MATERNITY HOSPITAL, LONDON, W.6
‘THE term “ carcinoid  was introduced by Oberndosfer
(1907) to distinguish a tumour of the small intestine which
is less aggressive than most carcinomas. Gosset and
Masson (1914) demonstrated that the cells of this tumour
contain silver-salt reducing (argentaffin) granules, and

Brummelkamp WH, Boerema I, Hoogendyk L. Treatment of clostridial infections with hyperbaric oxygen
drenching. A report on 26 cases. Lancet. 1963 Feb 2;1(7275
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Smith G, Sharp GR.
Treatment of carbon monoxide
poisoning with oxygen under Preliminary Communication

p reSS u re . TREATMENT OF CARBON-MONOXIDE
POISONING WITH OX N UNDER PRESSURE

Lancet. 1960;2:905-906. i generally be be the muln

Smith G, Sillar W, Norman
JN, Ledingham IM, Bates EH,
Scott AC.

Inhalation of oxygen at 2 .
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welchii infections. '

s for applying this p
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Dr. William F. Bernhard, innovative surgeon who
treated baby Patrick Kennedy, dies at 93

m fYyoSe

I h. Uf

Jackie Gives Btrihe y
To Son Prema‘_t_qr |
Wife of President 7| @he Boston Globe

Rushed to Hospitar BOSTON

Has Trouble Breath:

KennedyBabyDies "y
At Boston Hospital; =
President at Hand

By The Assoclated Press
BOSTON, Friday, Aug. 89—
The new baby boy of Presi- ;
M.Eff; Kennedy died -~

WF Bernhard, Harvard Medical School, Boston Children’s Hospital Cardiovascular Research Laboratory

TIME, 1963, Aug 16. Pediatrics: An Infant’'s Cause of Death: Hyaline Membrane Disease ..... at Otis Air Force
Base last week that the baby soon to be baptized Patrick Bouvier Kennedy had difficulty drawing his first breath. Like

one out of every 15 U.S. babies, this one was premature, and the greater the degree of prematurity, the greater the
danger that a baby's lungs will not inflate properly....



adiation necrosis, decompression sickness, gas embolism, soft tissue infection, s
ssue necrosis, bacteroides infection, compromised skin grafts, fungal infectiol
)ucor mycosis, anemia from blood loss, carbon tetrachloride poisoning, fractur
prosy, meningitis, radiation myelitis, cystitis and enteritis, retinal artery insufficien
hronic brain ischemia, senility, multi-infarct dementia, infant cardiac surgery, chro
Icers, peripheral vascular disease, diabetic neuropathy, acute endocarditis, heari
)SS, cortical blindness, ceIIuIitis infected pacemaker Hurler’'s syndrome, po

ardiac  arres cIe 0 e bsgesses, asthn
neumomedias “l i CO poisonir
as gangrene, osteomye trs ronn's DZ, de  poisoning, ciush injury w

;chemia, Alzheimers...Thermal burns, h@ad and spinal injury, bone grafts, frost bi
VA's, Hydrogen sulfide poisoning, cager therapy, Pseudomembraneous coli
ickle cell crisis, MS,” pyoderma_gangre@izsum, acute ML, _carotid aneurysm ao!
neurysm, 'ahaerobicy infections, post cardrac surgery; pulmonary INSUTf |en'
p lon; tr Uime

rteriosclerosi t Cf
mputation; pt | |
stula, brain “cyst, stenotic vavuIar ear . tetanus, mtes inal obstructic

r a,-pharynge
ecrotizing fasciitis, post-epileptic headache, radiation pneumonia, ballo
spiration, migraine, allergic reactions, quadripelegia, dust induced bronchi
astroduodenal ulcer, facial neuritis, late pregnancy toxemia, liver failure, clos
hest trauma, emphysema, paralytic ilius, pararectal fistula, necrobiosis lipoi
labeticorum, black lung DZ, allergies, myositis, colitis, cerebral vasospas

\alinnant ntitic aviarna acititae haarinAa lnce anAd
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', Hyperbaric |
", Medicine

",

"Experience-based", "Consensus-based" Medicine

European Undersea Biomedical Society (EUBS) (1965)

European Undersea Baromedical Society (1993)

Undersea and Hyperbaric Medical Society (1967)

"Hyperbaric Oxygen Therapy Comittee", "Evidence-based" Medicine, 1977 ilk komite raporu, Hyperbaric
Oxygen Therapy (eds: Jefferson Davis, Thomas Hunt), UMS Certification Programs

European Committee on Hyperbaric Medicine (ECHM) (1991)

» Endikasyonlarin belirlenmesi, Arastirma ve tedavilerde kullanilacak ortak standartlarin belirlenmesi, Ekipman ve personel
standartlarinin belirlenmesi, Maliyet-etkinlik ve Maliyet-fayda kriterlerinin belirlenmesi

> AB Avrupa Saglk Orgltiiniin (Briiksel, Belgika) temsili organi

» Dalis ve Hiperbarik Tip alaninda faaliyet gdsteren bilimsel organizasyonlar arasinda isbirligi

)€ European Underwater and
: , : :

el e (] Y
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TURKIYE’DE HIPERBARIK OKSIJEN
TEDAVISI

« 1976, D.K.K. Cubuklu Kurtarma Komutanlidi ile ITF Tibbi Ekoloji ve
Hidroklimatoloji AD arasinda imzalanan protokolle ortak bilimsel calismalar

» 1980, Sualti Hekimligi konulu ilk tez,

1984, ITF Sualti Hekimligi Bilim Dalinin kurulmasi, uzmanlk mufredati olusturma
calismalari,

» 1985, GATA Egitim Hastanesi’'nde Deniz ve Sualti Hekimligi Anabilim Dalinin
Kurulusu,

* 1989, I.U. Rektdrligi’niin énerisi ve YOK onayi sonrasinda Anabilim Dali’na
dénusturilerek Istanbul Tip Fakiltesi’nde Deniz ve Sualti Hekimligi Anabilim
Dalinin kurulusu,

» 1998, ilk 0zel hiperbarik oksijen tedavi merkezinin acilisi,

» 2001, “Hiperbarik Oksijen Tedavisi Uygulanan Ozel Saglik Kuruluslari Hakkinda
Yonetmelik” (RG 24480, 01.08.2001)



ENDIKASYONLAR

T.C. Saglik Bakanhgi

Dekompresyon hastaligi (vurgun) Kronik refrakter osteomiyelit
Hava ve gaz embolisi Asiri kan kaybi
Karbonmonoksit, siyanid zehirlenmesi, Radyasyon nekrozlari
akut duman inhalasyonu, Tutmasi stipheli deri flepleri ve greftleri
Gazli gangren Termal yaniklar
Yumusak dokunun nekrotizan Beyin absesi
enfeksiyonlar (derialti, kas, fas, fasya) Anoksik ensefalopat
Crush yaralanTaIan, kompartm_an Ani isitme kaybi
sendromu ve diger akut travmatik . .
iskemiler Retinal arter okltiizyonu

Kafa kemikleri, sternum ve vertebralarin

Yara iyilesmesinin geciktigi durumlar o
YIes g g akut osteomiyelitleri

(diyabetik ve non-diyabetik)



HBOT'NIN BIRINCIL ETKILERI

1. Basing etkisi (Mekanik etki) : Boyle Gaz Kanunu
Sabit sicaklikta basing¢la hacim ters orantihidir
(PxV=k) (Dekompresyon hastalig: -Vurgun, AGE)




HBOT'NIN BIRINCIL ETKILERI

2. Hiperoksijenizasyon-¢ozunmus oksijenin etkisi: Henry Gaz Kanunu
Sabit sicaklikta bir gazin sivi igindeki ¢ozunen miktari o gazin
parsiyel basinci ile dogru orantilidir.




HIPERBARIK OKSIJEN TEDAVISININ ETKILERI

«Anti-hipoksik etki
*Anti-6dem etki
*Anti-toksik etki
*Anti-infeksiyoz etki

*Yara iyilesmesi uzerine etki



ANTIODEM ETKI
— Total perfizyonda azalma

 Bradikardi, CO da azalma, vazokonstriksiyon
— Kapiller gecirgenligin duzenlenmesi

(crush yaralanmalari, kompartman sendromu, akut yaniklar, donmalar)

Zamboni WA et all.1990 ; Hammarlund C et all. 1991; Weaver LK et all.1995; Mathieu et all.1995; Kiryu J, Ogura Y. 1996;
Carl UM, Hartmann KA 1998



ANTITOKSIK ETKI

— Bakteriyel ekzotoksin inhibisyonu

e 250 mmHg: Clostridiumlarin alfa-toksin
tretimi durur.

— CO detoksifikasyonu

(gazh gangren, CO zehirlenmeleri)



ANTIENFEKSIYOZ ETKI
— Direkt etki

» Anaeroblar ve mikroaerofilik aeroblar Uzerine bakterisid veya
bakteriostatik

— >300 mmHg: Clostridiumlar ve diger anaeroblar tGzerine bakterisid veya bakteriostatik

— Bazi antibiyotiklerle sinerjizm

« Aminoglikozidler, Fluorokinolonlar, Vankomisin, Teikoplanin, Beta-laktam
antibiyotikler, Trimethoprim/sulfametoksazol, Antimikotikler

Norden CW, Shaffer M.1983 ; Tack KJ, Sabath LD.1985; Knighton DR et all.1986 ; Gudewicz TM et all.1987 ; Raval G. et all.1992 ;
Park MK et all.1993 ; Stevens DL et all.1993 ; Marzella L, Vezzani G.1996 ; Mendel v et al. 1999 ; Oztas E et all. 2001.



ANTIENFEKSIYOZ ETKI

— Konak savunma faktorlerinin dizenlenmesi

« PNL ve makrofajlarin optimal fonksiyonu i¢in normal pO, degerleri

gerekir

« HBOT fagositoz ve mikrobisid etkide artis saglar

(anaerobik enfeksiyonlar, osteomiyelit, iyilesmeyen enfekte yaralar)

Hunt TK et all.1975 ; Hohn DC et all.1976 ; Badway JA, Karnovsky MK.1980 ; Mrotek JJ et all.1986 ; Knighton DR et all.1990 ; Shugin W, Huiming
Z.1990 ; Jaeger K et all. 2002



YARA iYILESMESIi UZERINE ETKI
Fibroblastik proliferasyon
Kollagen uretimi, salinimi ve koprulesmesi
Neovaskiilerizasyon
Epitelizasyon
Osteogenez

(iyilesmeyen problemli yaralar, radyonekrozlar, akut yaniklar)



KESIN KONTRENDIKASYONLAR

*Doxorobicin (Adriamycine)

 Upton PG et al. Cancer Effects of antioxidants and hyperbaric oxygen in
ameliorating experimental doxorubicin skin toxicity in the rat. Treat Rep. 1986
Apr;70(4):503-7.

*Bleomycin (Pulmoner toksisite)
Disulfiram (antabuse) (SOD inhibisyonu)
Cis-platinum (sitotoksik etki)

*Tedavi edilmemis pnomotoraks



ROLATIF KONTRENDIKASYONLAR

Klostrofobi

*USYE

*Spontan pnémotoraks
KOAH

*Epilepsi

*Gebelik

*GOgus cerrahisi op.
*Otoskleroz cerrahi ted.
Viral enfeksiyonlar
*Optik norit

*Yuksek ates

Malignite



YAN ETKILER

« BAROTRAVMALAR

Orta kulak boslugunda
1 HACIM HAVA

— Kulak, sinis, GIS, dental

YUZEYDE - 1 ATAlik hava basincinda

2 — 12 HACIM, Timpanik membran
(:‘\ ".," iceriye gikmiigtiir.
.,
B

~—

Kan ve doku sivisi

ry
10 METREDE - 2 ATA'lik su basincinda

13 HACIM

N Kan ve doku sivisi

A\

20 METREDE - 3 ATA'lik su basincinda

Plate 1 Middie-sar barotrauma of descen): grates 0-5, grades




YAN ETKILER

« GEGICI MiYOPI
« KLOSTROFOBI

« OKSIJEN TOKISISITESI
— Akciger (1 ATA 24 saat, 2 ATA 6 saat)
— MSS (2,4 ATA, 1,3-0.7/10 000)



TEDAVININ DOZU VE SURESI

ENDIKASYON  SEANS  BASING SEANS TOPLAM SEANS
SURESI DEGERI  /GUN

Kr. Osteomiyelit 90-120 2-2.5 ATA 1 40-80
Gazli Gangren 90-120 2,5-2,8 ATA 3-2 10-20
Diyabetik Ayak 90-120 2-2,5 ATA 1-2 30-60

Karbonmonoksit Z. 90-120 2,5-2,8 ATA 1-3 1-20
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2.4.4.B - Hiperbarik oksijen tedavisi
(1) Hiperbarike cksijen tedavizi bedelleri, biinyesinde hiperbarik oksijen tedavi metkezi bulunan Kuorumla
stzlesmeli/'protokolli resmi saglik kurumunda veya “Hiperbarik Oksijen Tedavisi Uygulanan Ozel Saglik Kuruluglan
Halkkinda Yonetmelik™ kapsamunda faaliyet siirdiiren Korumla sfzlesmeli Gzel merkezlerde yapilmas: halinde Kurumea
kargilanr.
(2} Acil durumlar harig olmak dzere HBO tedavisi igin, ikinci veya gincd bazamalk zaflie kummlan tarafindan
aaghk k‘urulu rapm‘u duzenleneceku: (‘.[ulga RG lEfl]ﬁ.-‘“Ulﬁ- 20746/ 6 md Yulur]uh Dl-'[]fi”ﬂ]ﬁ] ﬁ:&aak—mm—:—s&g-l—ﬂ-:

A sagh]: ]s:u.mlu rapnmﬂd.a tam lle ngula.nmasl

istenilen seans savist ver alacalotir

(3) Raporda belirtilen seans sayisi, SUT eli “Hiperbarik Oksijen Tedavisi Uygulama Listesi™ nde (EK-2/D-3)
belirtilen “Ilk sevkte seans sayis?” sitununda ver alan seans sayizini gecemez. Ancak, bu seans savilarim a&an seanszlarda
tedavinin devamiin gerekmesi halinde, SUT eli EK-2/D-3 Listesinde belirtilen “Maksimum toplam seans savist” s@tunnndaki
zeans sayilan aplmamal kaydivla, dkinci bir saZlik kurole rapom diizenleneceltir. Maksimum toplam seans sayisi; aying tamg
ve aym lokalizasyonda (bag, givde, zol alt ekstremite, sol dist ekstremite, saZ alt ekstremite, saF st elstremite) bir v igin
gecerlidir. Sekestrelitomi. mindr amputasyon, majdr amputasvon duromu veni vaka gibi deferlendirilic. Drdined fikrada
zayilan acil durumlar ve ani igitme kaybs igin maksimum toplam seans sayist; her bir atak (valea) igin geqerlidir.

(4) Acil duorumlarda (dekompresyon hastalifi, hava veya gaz embolisi, karbon menoksit veya siyanit zehirlenmesi,
anoksik/hipoksik ensefalopati, alut duman inhalasyonu, gazli gangren kompartman sendromu, santral retinal arter tikamiklids
ve nekrotizan yumuszak doku enfeksivonunda) bu duromun sevlk eden veya hiperbarik olsijen tedavisini yvapan helim tarafindan
imzalanmag bir belge ile belgelendirilmesi sartryla saglik kurulu raporu aranmaz. Ancak acil durumlar igin “Tlk sevkte seans
zay1s1” sttununda yer alan seans sayilanmn agilmas: halinde bu maddenin ikinei fikrasinda yer alan hiikidmler dogrultusunda
rapor diizenlenecektir.

(5 Tedavi basinct hastanin duramuna gére tedavinin yapildifs merkezin uzman helimi tarafindan belirlenecelktir.

(67 HBO tedavizine raporun dizenlenme tarihinden itibaren en geg 10 gin igerizinde baglanmalidir. Tedaviye
bagladiktan zonra tedavinin vapildifs merkezin nzman hekiminin onayi ile tedavive bir defada kesintiziz en fazla yedi (Degisik:
EG- 18/02/2017- 29983/ 6 md. Yirirlilk: 01/03/2017) gda- i3 giind ara verilebilir. Tedavive 7 (Degisik: RG- 18/02/2017-
20083/ 6 md. Yirirlilk: 01/03/2017) sdades-i; gininden daha vzun siire kesintiziz ara verilmesi halinde maksimuom seans
zay1s1 dikleate almaral bu maddenin ikinei fikrasinda ver alan hiikiimler dogrultusunda yveni rapor dizenlenseceltir.

(7) Bir hasta igin ginde en fazla bir seanz HBO uygulamas: bedeli Kurumea karsilanir. Ancak and igitme kaybi ve
acil hastalarda, tedavinin bagladsfi gin dahil en fazla 7 giin boyunea glinde birden fazla seans HBO uygulamasi bedeli Kurumea
kargilanr.

(8) Ani izitme kayb: tedavisi igin diizenlenen raporda; ani igitme kaybinin son 30 gin iginde odyolojik test ie tespit
edildiFine ilizkin bilginin yer almasi gerelomeltedis. 20 ned seans sonunda saf ses ortalamasimda 20 dB lik bir diizelne yoksa
tedavi bedelleri daha sonralkt seanslar igin Sdenmez.
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Endilkazyon

Dieomprsvon hestaliz

ICD - 10 Tam Kedlan

T70.3 Dialeic Hastalis (Deloomperesvon Hastaliz)

ILK SEVETE
SEANS

0

ALARCSINUAL
TOPLAM
SEANS SAYISI
40

Hawa veva gz embolisi

T72.0 Hava Embolisi (Trvmstik)

0

40

Earbonmonolsit, sivanid
zehirlenmesi, st dumen
Inhalasyonu

T3i8  Karbonmomoksitin toksik ethisi

TS50  Gazler Dumenlsr ve Buherlsnn Digsr Toksik Etkisi

T§5.0 Sivanidlerin Toksik Etkisi

Gzl genaren

A48.0 Gazh Gangren

10

Yumussk dolunen nelaotizan
inEksivonlan (derislty. kas,

MT1.5 Fasiit, bagks venda simflsnmemis

L0B.8 Deri ve Subkitsn dolunun difer tammlanms lokal enSksivonlan

n

Crush varalenmalsn
kompertman sendromu, difer
skt travnatik izhemilar

T4 Birden &zls vidost kisumlsnnin ezici varalsnmalsn

T78.3 Travmatik sonfs= vars enSheivone, basks verde siuflsnmems

T72.8 Trevmsenn difer erken komplikssyonlen

T72.9 Travmanin tsumlsnmemis erhen komplikssvonn

W13 Cisimler sresinda sioztinims, veskslsnma, ezilme basilma

Yarz ivilegmasinin gaciktizi
durumler (divabetik ve non-
divabetil)

Eronik refakter osteomypalit

E10.5 Ingiilin bafimls DAL, perifeik dolagim komplilkzsvonuyls birlikes

E10.6 Inzilin bafimlh DM, tesmmlznms difsr komplikazvonuvla birikes

E10.7 Inzilin bafumls DR, birden Sclz homplikssvonuyla birlikes

E10.8 Inzilin bafimh DM, tsmmlenmamis bomplikasvonlars birlikts

E11.5 Inzilin bafimh olmaven DM, perifrik dolssim komplikssvonuyla birlikts

Ell.61

wsiilin bafimb olmeven DM, tsumlsnous difer komplikesyonuyls birikee

E11.7 inzilin bafimh olmaven DM, birden Srls komplitazvonuvla birdikes

E11.% inzilin bafimh olmaven DM, tsmmlsnmemis komplitasvonlera birlikes

E13.5 DM, difer tsmmilenmis perifeil dolasim bomplikssyonuyls birikes

E13.6 DM, Dhifer temmilsnmms, temmlenms difer komplikssvonlerls birikts

E13.7 DM, difer temumlanmus birden Szla komplikssvonuyla birlikes

E13.2 DML diger tsnmlanmus, temmlanmemis komplikasvonlarla birlikts

El4.5 DM, temmlsnmemis perifrik dolagim komplikesvonuyla birlilte

El4.6 DM, tznmisnmenns. tsimlanmis difer komplikssyonlars birikes

El4.7 DM, tsmmlsnmemis birden Szls komplikssvonla birlikte

El4.F DM, tsmmlsnmemais temmlsnmems komplikssvonlarla birlilote

173.1 Tromboanjitiz oblitersns-Buerger dlzerli

D e — — .
1733 B e e e Smvaliom ve tonrbars, shumlanmans

173.8 Perifrik vasliler hastalicler, difer tenmlsnmms

173.9 Perifrik vaskailer hastalik, tsmmlsnmemiy

183.0 Alt ekstremitenin varikoz venleri_ dlz=rli

183.2 Ulser ve enflemasvonls birlikts alt skstremitenin varilibz venleri

LOT  Alt ekstremitenin ilseri, bagks verde sinflsnmemis

LOE.4 Dierinin oronik dlz=ri. baska verds simflanmemiz

LBe Delubit Gleeri

521  Awsk bileEi v syafin spk yarsst

TEl.3 Operszvon verssnds spilma. beshs verds simflsnmemms

TE1.4 Bir iglem sonras enBkaivon, beaska verde sinflsnmamms

TE1.5 Bir iglem sonres operssyon yarest

TE1.7 Bir iglem sonras vasliiler komplilesvonlsr, bagka verde smflanmemig
H&0.2 Malign otitis ekstzma

14463 Intarvartebrsl diskin enBlsivonu (pivojenik)

M46.4 Drizzit tsnamlanmemig

MEE.3 Eronik multifoksl ostsomwvalit

MES.4 Eronik ostemyelit, direne sinis ila

W65 Kronik hematojends osteomvelit, difer

MES.6 Kronik Ostecmnyelit, difer

ME6. 8 Ostepmyalit, difer

MB6.9 Osteomyvelit, temamilanmemig

40

B0
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Hiperbarik Olsijen Tedavisi Uygulama Listesi

MARSINUAL

Endikasyon ICD - 10 Tam Eodlan ILL“S:!;;ISCTE TOPLAM
} SEANS SAYISI
T84.8 Internsl ortopadik grotsr ciharlen, implantlen va sreftlerinin difer bomplikssvonlen
T84.9 Internsl ortopadik protsz cihan, implant ve srefinin tsmmlsnmems komplikssvonn
TE7.4 Amputssyon sidiiinin enfhsivonu
TR7.5 Amputssvon sidiinin neloom
E62.7 Radvasvon proktiti
L58.1 Uzun streli radyodermatit
L58.9 Radvodermstit Tammlsnmems,
N30.4 Radvasyon sistiti -
Fadyasyen nelrozlan T&6 Fadvasyonun tenimilsnmemis etlileri o 5
T84.2 Radyolojik vrgulama ve radyoterspi sonres anormal reakzivon veva geg komplikssvon
'I‘L',-I:I‘.l'.a.Sl gipheli deri fe=pleri v 704 5 Dheri Wakli 1 10
mraft]ari
_— T22.0 Birden frla bilge vamklen doracesi tsimlenmaenmms e -
Termal yantklar T35.1 Bircen Fazla Voot bolzsinin Dok nekrozuyls birlikts olen donsis X 3
Bavin speesi G060 Esf ici Apss ve Granilom 20 40
Anokzik sne=flopsti 303.1 Anoksik beyin hessn_besks verde sinflsnmamms 20 i
Ani igitme kavie H21.2 Ani idiopsatik igitme kavia 20 40
H34.1 Szntral Bstinal Arter Tokamblis
Retinal arter oklizyons H34.2 Retinal Aster Tikenkliklan 20 40
H34.E Retinal Vaskitler Trkambhilar
E=h kemilcleri, stemum va M46.2 Vertsbramn Ostapmpypaliti
vartebralann akut hiB6.1 Akt Osteomyslit, Digsr 40 B
osteomyalitlerni ME6.2 Svbalost osteomypslit
Osteonslonos MET.0 Kemigin Idiopstik Assptik Nelorom 30 &0

NOT: Listada; ICD-10 kodlan G kerslhter olarsk wer slivor=a, bu hestalik somflsmezinin 4ot kershboterli alt inlimlsnm da igemektadic. Ancalk dbt keraloter olarsk ver sliyor ise sadacs o hods
zit hastalik simflamesim igermelotadir.
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