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SUALTI BiLiM VE TEKNOLOJiI TOPLANTISI

2004

ONSOHZ

Turkiye'de sualti ile ilgilenen herkesi biraraya getimeyi hedefleyen en kokli toplantilardan biri olan
Sualti Bilim ve Teknoloji Toplantisi; 1996 yilindan beri sualtina ilgi duyan ve sualti ile ilgili galismalar
yapan herkesin bulusma noktasi haline gelmistir.

Her sene Universite sualtl kulliplerinin cabalari sayesinde daha ileriye giden SBT ilk olarak 1996
yilinda Bogazigi Universitesi Sualti Sporlari Kuliibii (BUSAS) tarafindan diizenlenmeye baglanmis, bunu
1998'de istanbul Universitesi Capa Tip Fakiiltesi ve CAPASAS takip etmistir. 1998 yilindan itibaren her
sene diizenlenmeye baslanan toplanti sirasi ile 1999 yilinda istanbul Universitesi Teknik Bilimler Yiksek
Okulu Sualti Teknolojisi Programi, 2000 yilinda ODTU-SAT ve Sualti Aragtirmalari Dernegi (SAD), 2001
yilinda Kocaeli Universitesi ve KOUSAT, 2002 yilinda B.U. Biyo-Medikal Mihendisligi Enstitlisi ve
BUSAS Kuliibii ve 2003 yilinda Uludag Universitesi (BURSA) ve USAT tarafindan diizenlenmigtir.

Cesitli kuliipler ile karsilagtinidiginda hentiz ¢cok geng bir kuliip olan Sabanci Universitesi Sualti
Sporlan Kultibii (SUSS) SBT2004'l diizenlemek igin 2002 yilinda bagvurmus ve bu toplantiy! dizenlemeye
hak kazanmistir. lleriki yillarda SBT'yi diizenleyecek kulliplere de toplantinin sirekliligini saglamak amaci
ile her tiirli destegi vermeye hazir oldugumuzu da buradan belirtmek isteriz.

Sabanci Universitesi'nin sagladigi genis imkanlardan da yararlanarak en iyiyi yapmayi hedefleyen
SUSS, SBT2004'de sunulmak igin basvuran ve SBT2004 bilimsel kurulunun onayindan gegen bildiriler
ve poster sunumulari ile simdiye kadar stregelen bilimsel ortamdan hi¢ de geri kalmayacak bir toplant
diizenlemeyi hedeflemektedir.

SBT2004 kapsaminda ayrica Recep Dénmez’in sualtinda gektigi fotograflardan olusan bir sergi de
Sabanci Universitesi Gésteri Sanatlari Merkezi'nde sergilenecektir.

Toplantinin hazirlanmasi sirasinda bize destek olan kullip ve kuruluslara, ayrica tim hazirlik
asamalarinda her tiirlii konuda bize yardimci olan Sayin Salih Murat Egi'ye bize gésterdigi yardimlardan
6tiira tesekkird bir borg biliriz.

Sualti ile daha da yakinlasabilmek amaci ile SBT2004'lin daha yararl olabilmesi dilegi ile

SBT2004
Duzenleme Kurulu
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What is DAN Europe?

DAN Europe- Your Dive Safety Association

For scuba divers worldwide, DAN means safety, health and peace of mind. DAN is a non-profit safety
Organisation and is supported by the largest membership association of divers in the world. DAN was
founded as IDA - International Diving Assistance - in 1981 to provide an emergency hotline and services
to serve injured recreational divers. DAN Europe relies on membership, sponsors and product sales to
provide the high level of service the dive community has become accustomed to receiving.

DAN Europe’s Mission

Divers Alert Network (DAN), a non-profit organisation, exists to provide expert information and advice
consistent with the current medical literature for the benefit of the diving public.

DAN's historical and primary function is to provide emergency medical advice and assistance for
underwater diving accidents, to work to prevent accidents, and to promote diving safety.

DAN promotes and supports underwater diving research and education, particularly as it relates to
the improvement of diving safety, first aid, and medical treatment.

DAN strives to provide accurate, up-to-date, and unbiased information on issues of common concern
to the diving public and to advocate for diver’s concerns, primarily, but not exclusively for diving safety.

DAN provides comprehensive, educationally sound training in support of DAN’s mission and obligation
to the diving community.

DAN disseminates the latest information on topics related to diving safety through articles, reports,
seminars, lectures, and training programs.

DAN develops programs and materials, which will complement currently available dive safety training
throughout the diving community.

DAN fosters cooperative efforts in dive safety in the worldwide diving and medical communities.

History of DAN

The Divers Alert Network (DAN), a membership supported non-for-profit organisation based at the
Duke University Medical Center in Durham, North Carolina, was founded in 1980, under the guidance
of Professor Peter B. Bennett.

One year later, IDA - International Diving Assistance - also a membership supported non-for-profit
organisation, was founded in ltaly by Dr. Alessandro Marroni. In 1984 the Diver Emergency Service
(DES) was started in Australia and New Zealand by Drs. Des Gorman and “Fred” Gilligan and in 1987
the Civil Alert Network (CAN) began assisting diving emergencies in Japan, under the guidance of
Professor Yoshihiro Mano of the University of Tokyo Medical School.

Although independently and not yet cooperating, the four organisations were supporting diving safety
by providing very similar 24-hour Diving Emergency Hotlines and non-emergency Diving Medicine
Information Services. In case of a diving accident, qualified Hyperbaric and Diving Medicine Specialists
would be available to assist the injured diver and to consult with local emergency medical personnel to
coordinate medical evacuation and treatment and to provide the best care possible.

Other important scopes were also pursued by the four organisations in very similar ways and with
surprisingly similar results, such as the regular collection of recreational diving accident data and the
elaboration of periodical statistical reports on recreational diving accidents.

The need for an international organisation that would be available to all divers, wherever they dived
around the world, became increasingly apparent and, during a historical meeting at DAN Headquarters
in Durham, N.C., USA, in February 1991, the process to form an International DAN was started. The
four existing organisations decided to adopt the common name of DAN and DAN Europe, DAN Australia
and DAN Japan became parts of the INTERNATIONAL DAN (IDAN) organisation, together with DAN
USA. The last member to join was DAN Southern Africa
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To day the International DAN is a worldwide network of multilingual 24 hours diving emergency alarm
centres, over 300 hyperbaric facilities and many diving-hyperbaric specialists to treat diving emergencies
and to accept diving medicine referrals. Every year the DAN Hotlines respond to more than 3000 diving
emergencies calls and to over 30000 medical and safety questions.

The over 250.000 DAN members around the world have access to the same unlimited emergency
medical evacuation service and to insurance covered medical-hyperbaric treatment worldwide, as well
as to diving safety information and diving medicine training programs. Alert Diver, DAN’s magazine, and
its regional versions in Europe, Australia and Japan, regularly convey essential diving safety information
to the thousands of DAN members in the world.

The introduction of the “Oxygen First Aid in Dive Accidents” course in 1992 and more recently other
“DAN first aid” training programs, which are now taught by over 5000 DAN Instructors, 400 Instructor
Trainers and 21 Examiners in Europe, further contributed to the improvement of effective first aid
procedures for diving accidents. DAN promoted an international diving accident statistical evaluation
protocol and regularly publishes annual reports on recreational diving accidents.

Finally, DAN Europe started a prospective dive prophile / bubble production research project initially
called SAFE DIVE and later the Diving Safety Laboratory DSL which involves International DAN members
and diving instructors, the IDAN connected diving medical community, and the diving equipment industry.

DAN operates through an international network of Diving Emergency Hotlines, staffed by specially
trained emergency operators and backed-up by a network of Diving-Hyperbaric Specialists on call. Diving
Accident management and data collection criteria are standardized and a list of over 300 hyperbaric
centres and of many diving-hyperbaric medicine specialists is regularly controlled and updated by the
International DAN organisations worldwide.

The five main DAN Hotlines are in Australia, at the Royal Adelaide Hospital, in Europe, In Milan Italy at
Filodiretto a specialised medical call centre, In Japan, at the Tokyo University Medical School and in the
USA, at the Duke University Medical Centre in Durham, North Carolina and Cape Town in South Africa.

Due to the many languages and nationalities in Europe, a network of regional alarm centres is active
in Belgium, Holland, Germany, ltaly, Malta Spain, Switzerland and the United Kingdom with DAN Europe
National Hotlines and in Denmark, France and Scandinavia with connected alarm.centres.

In the to-day recreational diving world, DAN is not only an important reference for divers, but also for
the medical community and for the emergency medical services personnel, who often refer to DAN for
consultation about the management of a relatively infrequent and unusual kind of emergency.

When any of the DAN Hotlines is called for a diving accident, qualified Hyperbaric and Diving Medicine
Specialists will be immediately available to assist the injured diver, to consult with local emergency
medical personnel, to coordinate medical evacuation and treatment and to provide the best care possible,
wherever the diving accident occurred around the world. In order to assure adequate and timely assistance,
especially when emergencies occur in remote areas of the world, DAN cooperates with SOS Assistance
/ Assist America and with some of the leading insurance companies in the world, to provide every DAN
member with a global assistance plan, including unlimited evacuation or repatriation and insured medical
/ hyperbaric treatment.

By simply calling one of the International DAN Hotlines and Alarm Centres, any DAN member will
access the DAN network being entitled to the same emergency assistance anywhere in the world.

DAN Europe’s Services to the Recreational Diving Community
DAN'’s primary mission is to assure 24hr:
1. Diving Medicine Specialised advice
2. Medical Evaluation Service
3. Acces to hyperbaric Units
DAN is also:
1. Non-emergency medicine information
2. Diving Medicine and Diving Safety Research
3. Diving Accident Annual Reports
4. Specific Insurance Plans for recreational and professional divers, diving schools and centres.
5. Safety orientated training courses and seminars
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DAN has a network of 24 hour, 365 days a year Alarm Centres which covers the entire world. Each
Alarm Centre is interconnected with the others in the Network. The Travel Assist Centre, in addition, has
a network of correspondents in every country (Medical Doctors, Ambulance Services, etc) to assure local
assistance.

Due to the difference of languages that characterizes Europe, it was necessary to set up a network
of National European alarm Centres, one for each Nation or linguistic area, which operates under the
coordination of the principal Centre in Milan.

Criteria of Operations are the following:

1. The National Alarm Centre is called, when in that country; the case is managed locally from the
National Centre, according to Standard DAN protocol.

2. The central European Centre in Milan is called when one is overseas.

3. A diver that calls from overseas, is always put into contact via a conference phone call each time
it's possible, with a DAN specialist of the same nation as the victim, if one exist, that the case can be
evaluated and interpreted without any lingual problems which relaxes the victim by talking to a Doctor
of his own country.

4. In these cases, if the accident occurred in an area where a National DAN Centre exist, this will be
given charge to manage the emergency in coordination with the Milan Centre and the specialist of the
National Centre of the victim.

5. In cases where an accident occurs in an area without a National DAN Centre, the intervention is
organized directly from the European Centre in Milan.

In order to always ensure an adequate assistance, especially in an isolated and remote part of the
world, DAN has put into place a DAN Travel Assist, an International program of medical assistance and
emergency rescue, supported by some of the world's biggest Insurance Companies to guarantee our
members, in any circumstance, an adequate rescue, needed Medical-Hyperbaric treatment and a eventual
repatriation for any medical emergency.

DAN Europe also has a network of non-emergency or medical information lines. These lines are
national numbers, so divers can talk to someone who speaks the same language.

Also, divers may visit the medical pages of the DAN Europe website where they can find answers to
general questions on diving fitness and health. DAN members can also send a medical question by filling
in a form on this website. This question will be answered by a diving medicine specialist.

For a more detailed response, callers may make non-emergency medical inquiries of a more specific
nature.

When divers have questions about their health in relation to diving or if they have questions on
medicines and diving, diving after surgery or other dive-related issues, DAN's medical information
specialists are there to help. The medical information line allows divers to talk to a specially trained diving
medicine technician about non-emergency diving safety and health concerns. Respondents include DAN
medics with the resources of DAN's senior medical staff, on call physicians, dive researchers and other
experts in dive medicine.

In some cases, DAN may refer callers to a diving medical specialist in their region for further evaluation.
In 2000, DAN’s Medical Department received over 30.000 information calls (and emails). Since its
beginning in 1980, DAN has helped more than 200.000 callers through these telephone services.

DAN Europe - www.daneurope.org

DAN's website on the World Wide Web provides a wealth of information on scuba health and safety
and the many benefits of DAN membership. This might include answers to frequently asked dive medical
questions, oxygen course listings or the location of a DAN Instructor near you. Members can order DAN
products, and newcomers to DAN will be able to sign up online. DAN's Research Department uses the
website to communicate information on DAN Research.

DAN Europe Training Programmes are also described on this website.
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DAN Europe Membership Services

In addition to supporting diving’s only 24-hour diving emergency hotline, DAN members receive a
number of valuable benefits, including a dive accidents insurance (5 different types), emergency travel
assistance, a subscription to the award-winning Alert Diver magazine, material discounts, a personalized
membership card with the most important hotline numbers and more.

DAN Travel Assist

One of the automatic benefits of membership with Divers Alert Network is DAN Travel Assist. This
service provides emergency medical evacuation assistance for any injury or illness - dive-related or not
- incurred at least 80 kilometres from home by a DAN member or a DAN family member.

Services not directly provided by DAN Travel Assist shall not be reimbursed.

When you have a non-diving related accident when travelling abroad, call DAN first.

Alert Diver Magazine

DAN members receive a subscription to award-winning Alert Diver magazine, the only publication
dedicated to diving safety and health. The European version is a multi lingual magazine, which members
will receive 4 times a year.

DAN Dive Accident Insurance

DAN has a wide range of Dive Accident Insurances:

2 Insurance types for the recreational divers. 3 for the professional divers (such as Divemasters and
instructors) and 4 types for dive centres or schools.

Refer to the membership brochures or website for up-to-date info.

DAN Dive Safety and Health Products

DAN members receive a special price on all DAN products. DAN’s product line includes a variety of
books on the subject of dive safety and health, as well as emergency oxygen equipment and diver first
aid kits. These and other DAN products are available on DAN's website.

DAN 24-Hour Diving Emergency Hotline with Immediate Insurance Verification

Dive and travel medical emergencies can happen any time. Callers to DAN’s 24- Hour Diving
Emergency Hotline can reach experienced medical professionals who are specially trained to handle
dive and travel medical emergencies at any time, day or night.

With DAN’s exclusive record-keeping system, DAN member emergency medical evacuation assistance
and dive accident insurance policy recards are kept in one central secure location at DAN. As a DAN
member, if you (or your friend, spouse or physician) call DAN’s Hotline with a diving emergency, DAN
can verify membership benefits and insurance coverage right away and make arrangements for timely
evacuation and / or recompression treatment.

Svavrti BiriMm vE TEKNOLOJT TOPLANTISI 2004 13



DAN AVRUPA NEDIR?

Ceviren: Can Gencel

DAN AVRUPA DALIS GUVENLIK KURUMUNUZ

Diinya gapinda scuba dalicilar icin, DAN glvenlik, saghk ve génil rahath@ anlamina gelir. DAN kar
amac! gitmeyen bir gtivenlik organizasyonudur ve dinyadaki en blyik dalici Oyelik birligi tarafindan
desteklenir. DAN, 1981 yilinda IDA - International Diving Assistance - (Uluslararasi Dalig Yardimi Kurumu)
ismi ile bir acil durum hatti ve kaza geciren sportif dalicilar hizmet saglamak amaci ile kurulmustur. DAN
Avrupa’'nin dalis camiasinin kaniksadigi Ust seviye hizmetleri saglamasi, lyelik, sponsorlar ve Grin
satislarina baglidir.

DAN AVRUPA'NIN GOREVI

Kar amaci giitmeyen organizasyon olan Dalicilarin Acil Durum Agi (Divers Alert Network) (DAN),
dalig camiasinin yarari igin mevcut tibbi bilgilere dayali uzman gériisleri ve bilgileri saglamak igin vardir.

DAN'In tarihsel ve birincil fonksiyonu sualti dalis kazalarinda acil tibbi tavsiye ve destek saglamak,
kazalar énlemek icin calismak ve dalis glvenligini daha ileriye gétlirmektir.

DAN, dalig gavenligini, ilk yardimi ve tibbi tedaviyi gelistirmeyi hedeflediginden dolay: sualti dalig
arastirmalarini ve egitimlerini destekler.

DAN, dalis camiasini ilgilendiren konularda yeterli, gincel ve tarafsiz bilgiyi saglamaya ve dalicilari
ilgilendiren konularda, éncelikle dalis glvenligiolmak tzere, destek saglamaya ugrasir.

DAN, misyonunu ve dalig camiasina olan ytkamltliklerini yerine getirebilmek icin kapsamli ve 6greti
degeri yliksek egitim saglar.

DAN, dalis gtivenligi ile ilgili makalelerdeki, raporlardaki, seminerlerdeki, konusmalardaki ve egitim
programlarindaki son bilgileri yayar.

DAN, dalis camiasindaki mevcut dalig glivenligi egitimlerini tamamlayacak program ve malzeme
saglar.

DAN, diinya capindaki dalig ve tip topluluklarinin dalis glivenligi hakkindaki yardimlasma cabalarina
destek saglar.

DAN’in TARIHCESI

Uyeliklerle desteklenen kar amaci giitmeyen kurum olan DAN Amerika’da, Durham, North Carolina'daki
Duke Universitesi Tip Merkezi'nde 1980 yilinda Profesér Peter B. Bennett'in énderliginde kuruldu.

Bir yil sonra, aymi sekilde Uyelik tabanli kar amaci giitmeyen bir kurulug olan IDA - Uluslararasi Dalig
Yardimi Kurumu (International Diving Assistance)-, italya’da Dr. Alessandro Marroni tarafindan kuruldu.
1984 yilinda Avustralya ve Yeni Zelanda'da Drs. Des Gorman ve “Fred” Gilligan tarafindan Dalici Acil
Servisi (Diver Emergency Service) (DES) kuruldu ve 1987'de Sivil Alarm Agi (Civil Alert Network) (CAN)
Tokyo Universitesi Tip Fakiiltesi'nden Profesér Yashihiro Mano 6nderliginde Japonya'daki dalis acil
durumlarinda yardimda bulunmaya basladi.

Her ne kadar bagimsiz ve o an igin ortaklasa ¢alismasalar da, bu dért organizasyon birbirlerine gok
benzeyen 24 saat dalis acil durum hatlari ve acil olmayan dalig tibbr bilgi servisi gibi hizmetler sagliyorlardi.
Dalis kazas! aninda saglanan, hiperbarik ve dalis tibbi uzmanlari kazazede dalgica yardim etmek ve
yerel acil servis tip personeline danigip koordine bir sekilde tibbi sevk ve tedavisi ile mimkin olan en
iyi bakimi saglamakla gérevli idiler.

Sportif dalis kaza bilgilerinin dizenli bir bicimde toplanmasi, sportif dalis kazalari ile ilgili periyodik
istatiksel raporlarin degerlendiriimesi gibi diger énemli hedefler de, yine her dért organizasyon tarafindan
benzer sekillerde uygulandi ve sasirtici derecede benzer sonuglar elde edildi.

Duinyanin neresinde dalarlarsa dalsinlar her dalgica uygun olan uluslararasi bir organizasyona olan
ihtiyag daha da belirginlesti ve Durham, DAN merkezinde yapilan tarihi toplanti ile, Subat 1991 yilinda,
Ululararasi DAN'in (International DAN) kurulma streci baslamis oldu. Varolan dért organizasyon ortak
bir isim DAN adi altinda birlesmeye ve DAN Avrupa, DAN Avustralya ve DAN Japonya, DAN Amerika
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ile birlikte Uluslararasi DAN Uluslararasi nin pargalari haline geldiler. En son eklenen tGye DAN Giiney
Afrika oldu.

Bugun, Uluslararasi DAN 24 saat bir cok dilde cevap verebilen dalis acil alarm merkezlerini, 300'(in
tizerinde hiperbarik tesisini, dalis kazalarina miidahale edebilecek ve dalig tibbi konusunda danisilabilecek
bir ok dalis-hiperbarik uzmanini igeren diinya capinda bir ag haline gelmigtir. Her yil, DAN acil durum
hatlari 3.000'in Gzerinde ¢agdriya ve tip ve giivenlik hakkinda 30.000'in Uzerinde soruya yanit verir.

Tum dinyada 250.000'in tizerinde DAN Uyesi acil durumda limitsiz tibbi sevk servisi ve diinya ¢capinda
tibbi-hiperbarik tedavi sigortasina sahip oldugu gibi, dalis gvenlik bilgileri ve dalig tibbi egitim programlarina
da erisimleri vardir. Alert Diver, DAN’In dergisi, ve onun Avrupa, Avustralya ve Japonya'daki bélgesel
versiyonlari, diinyadaki binlerce DAN Uyesine dalis glvenligi hakkinda diizenli olarak énemli bilgiler
saglar.

Dalis Kazalarinda Oksijen ile ilkyardim (Oxygen First Aid in Dive Accidents) kursunun 1992 yilindaki
baglangici ve daha yakin zamanda baglayan diger “DAN ilk yardim” egitim programlari dalis kazalari
icin etkin ilk yardim prosediirlerinin gelismesine katkida bulundular. Su anda bu programlar Avrupa’da
5000 DAN egitmeni, 400 egitmen egitmeni ve 21 Denetleyici tarafindan uygulanmaktadir.

DAN, uluslararasi bir dalis kazalar istatistikleri degerlendirme protokolii olusturdu ve sportif dalig
kazalari hakkinda diizenli olarak yillik raporlar yayinlamaktadir.

Son olarak, DAN Avrupa muhtemel dalig profili / kabarcik Uretimi arastirmasina basladi. ilk baslarda
Guvenli Dalis (Safe Dive) olarak adlandirilan fakat daha sonra Dalig Giivenlik Laboratuvari (Diving Safety
Laboratory) olarak degistirilen bu ¢alisma Uluslararasi DAN Uyeleri ve dalis egitmenlerini, DAN baglantili
dalis tibbi merkezlerini ve dalis ekipmani endistrisini kapsayan, bir arastirma olarak devam etmektedir.

DAN, &zel egitimli acil durum operatorleri ile calisan ve dalig-hiperbarik uzmanlari ile desteklenen
uluslararasi Dalis Acil Durum Hatti (Diving Emergency Hotlines) adi tizerinden galisir. Diinya capinda
Uluslararasi DAN organizasyonlar tarafindan, dalis kazas| yénergesi ve bilgi toplama kriterleri
standartlagtinimistir. 300'tn Uzerinde hiperbarik merkezinin ve bir gok dalis-hiperbarik tip uzmanini iceren
liste diizenli olarak kontrol edilir ve glincellenir.

Bes ana DAN Acil Durum Hatti Avustralya'da, Royal Adelaide Hastanesi'nde, Avrupa'da, Milan, (italya)
Filodiretto da uzmanlagmig bir tip gagri merkezi, Japonya’'da, Tokyo Universitesi Tip Okulu'nda, Amerika,
North Carolina, Durham’da Duke Universitesi Tip Merkezi'nde ve Gliney Afrika Cape Town 'dadir.

Avrupa'da varolan bir gok dil ve milliyetten dolay1, Belgika, Hollanda, Almanya, italya, Malta, ispanya,
isvicre ve ingiltere'de bdlgesel alarm merkezlerinden olusan bir ag bulunmakta, Danimarka, Fransa ve
iskandinavya'da ise DAN Avrupa Ulusal Acil Durum Hatlari birbiri ile baglantili alarm merkezleri ile etkinlik
gosterir.

Ginumdiz sportif dalis diinyasinda, DAN sadece dalicilara degil, ayni zamanda nisbeten seyrek ve
anormal acil durum tirleri karsisinda kaldiklarinda bilgi almak i¢in basvuran tip diinyasi ve tibbi acil
durum servisi personeli icin de 6nemli bir referans olmaktadir.

Acil Durum hatlarindan herhangi biri bir dalis kazasi durumu igin arandiginda, nitelikli hiperbarik ve
dalig tibbi uzmanlari kazazede dalgica yardim etmek igin hazir olacaktir. Bunun igin yerel tibbi acil durum
personeline basvurur, sevk ve tedavi iglemlerinin kordinasyonunu saglar ve miimkiin olan en iyi bakimi
gérmesini saglamak icin diinyanin neresinde olunursa olunsun hemen hazir duruma gegebilirler. Yeterli
ve zamaninda destek saglayabilmek icin, &zellikle acil durumlar dinyanin uzak uclarinda
gergeklestiklerinde, DAN, SOS Yardimi (SOS Assistance) / Yardim America (Assist America) ve diinyadaki
bazi lider sigorta sirketleri ile ortaklasa galisarak, her DAN Uyesine, limitsiz sevk veya geri donis igin ve
sigortalanmis tibbi / hiperbarik tedaviyi de igeren, kiresel bir yardim plani saglar.

Sadece Uluslararasi DAN acil durum hatlarindan veya alarm merkezlerinden birini arayarak, her DAN
Uyesi diinyanin neresinde olunursa olunsun ayni acil durum yardimini saglamak tzere gérevlendirilmis
DAN agina erisim saglayacaklardir.

DAN AVRUPA’NIN SPORTIF DALIS TOPLUMU iCiN SERVISLERI
DAN'in birincil gbrevi 24 saat:
1. Dalis tibbi uzman tavsiyesi
2. Tibbisevk servisi
3. Hiperbarik tnitelere erigim hizmetlerini temin eder.
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DAN ayrica:

1. Acil durum harici tibbi bilgi

2. Dalig tibbi ve dalis glvenligi aragtirmalari

3. Yillik dalis kazalari raporlari

4. Sportif ve profesyonel dalicilar, dalis okullari ve merkezleri icin 6zel sigorta planlari
5. Guvenlige yonelik egitim kurslan ve seminerleri saglar.

DAN, tim dunyayi kapsayan, yilin 365 giinii 24 saat aktif bir alarm merkezleri agina sahiptir. Her
alarm merkezi ag icinde birbiri ile baglantilidir. Buna ek olarak Gezi Yardim Merkezi (The Travel Assist
Centre) yerel yardim saglamak igin tim Ulkelerdeki baglantili kisileri (Tip doktorlari, ambulans servisleri
gibi) kapsayan bir aga sahiptir.

Avrupa'nin dzelligi olan di,| cesitliliginden dolay! Milan’daki genel merkez ile koordineli galisan, her
bir ulus veya dil bolgesi icin Ulusal Avrupa alarm merkezleri agl kurmak gerekli olmustur.

Operasyonun kriterleri agsagidaki gibidir:

1. Bulunulan Ulkedeki ulusal alarm merkezi aranir, olay standart DAN prosedUrline uygun olarak
ulusal merkez tarafindan yerel olarak ydnetilir.

2. Denizasin oldugu takdirde, Milan’daki Avrupa merkezi aranir.

3. Denizasiri arayan dalgig, mimkiin olan her zaman, eger bulunuyor ise, kazazede ile ayni milliyete
sahip bir DAN uzmani ile konferans gérlismeye alinir. Bdylece kendi tilkesinden olan bir doktor ile olan
konugmanin verdigi rahatlik ile, dilsel problemler olmadan olay degerlendirilir ve yorumlanir.

4. Bdyle durumlarda, eger olay bir Ulusal DAN merkezinin oldugu bir bélgede olmus ise, Milan'daki
merkez ile kordineli bir sekilde bu olay ile ilgilenmesi icin ulusal merkez ve kazazedenin uyrugundan olan
Ulusal merkezdeki uzman goéreviendirilir.

5. Kaza, Ulusal DAN merkezinin olmadig! bir bdlgede olmusg ise, midahale direk olarak Milan'daki
Avrupa merkezinden idare edilir.

Her zaman yeterli yardimi saglayabilmek igin, dzellikle dinyanin izole ve uzak bélgelerinde, DAN,
diinyanin en buylk sigorta sirketlerinin bazilarinin da destegi ile her durumda ve her tarli acil durum
aninda, yeterli kurtarma, gereli tibbi-hiperbarik miidahale ve sonunda Ulkesine geri dénusl lyelerine
garanti eden DAN Gezi Yardimi'ni (DAN Travel Assist), tibbi yardim ve acil kurtarmay! iceren uluslararasi
bir program, devreye sokmustur.

DAN Avrupa ayrica acil durum harici veya tibbi bilgi hatlari agina da sahiptir. Bu hatlar uluslararasi
numaralardir; boylece dalici ayni dili konustugu biri ile konusabilir.

Ayrica, dalicilar dalis kondisyonu ve sagh@ hakkinda genel sorular igin yanitlar iceren DAN Avrupa
internet sitesinin tip sayfalarina da bakabilirler. DAN Gyeleri ayrica sitede bulunan bir formu doldurarak
tibbi sorular da yoneltebilirler. Bu sorular dalis tibbi uzmanlar tarafindan cevaplandirilacaktir.

Daha detayl cevap igin, arayan daha ézel bir konu hakkinda da acil durum harici tibbi bir aragtirma
yapabilir. Dalicilarin dalis ile iliskili kendi sagliklari hakkinda, ilaglar ve dalis hakkinda veya diger dalis
ile ilgili konularda sorulan oldugunda, DAN'In tibbi bilgi uzmanlari yardim igin oradadir. Tibbi bilgi hatti
6zel egitimli dalis tibbi teknisyeni ile acil durum harici dalis givenligi ve saghk ile ilgili konularda
konusabilmeye olanak saglar. Karsilik verenler DAN'in kékli tibbi bilgilerine sahip DAN doktorlarin,
hekimleri, dalig aragtirmacilarini ve dalig tibbi ile ilgili diger uzmanlari kapsar.

Baz| durumlarda, daha detayh degerlendirme icin DAN arayani bélgesinde bulunan bir dalig tibbi
uzmanina yénlendirebilr. 2000 yilinda, DAN'in tip departmani 30.000 bilgi cadrisi (ve elekironik postalari)
aldi. 1980°den, kurulugundan bu yana, DAN bu servisleri arayan 200.000'in Ustlinde kisiye yardimci oldu.

DAN AVRUPA - www.daneurope.org

DAN'in internet tGizerindeki web sitesi scuba sadhgi ve glvenligi ve DAN Uyelerinin faydalar hakkinda
birgok bilgiyi barindirir. Bu sik sorulan tibbi sorularina, oksijen kurs listelemelerine veya en yakindaki
DAN egitmeninin yerine dair bir cok cevabi icerir. Uyeler DAN Uriinleri siparis edebilir ve yeni lye olmak
isteyenler internet sitesinden kayit yaptirabilirler. DAN'in arastirma departmani, DAN aragtirmalar
hakkinda hilgiyi yaymak igin de internet sitesini kullanir.

16 SuarTt Birim VE TEKNOLOJI TOPLANTISI 2004



DAN AVRUPA UYELIK SERVISLERI

Dalisla ilgili yegane 24 saat acil durum hatti destedinin yaninda, DAN Gyeleri bir dalis kazas! sigortasi
(bes degisik tipte), acil durum gezi yardimi, 6dulli Alert Diver dergisine lyelik, malzeme indirimleri,
tzerinde bir ok acil durum hattinin numarasinin ve fazlasinin bulundugu kisisel tiyelik kartini igeren bir
takim degerli yararlar saglarlar.

DAN GEZi YARDIMI

DAN dyeliklerinin otomatik faydalarindan biri de DAN Gezi Yardimi'dir (DAN Travel Assist). Bu servis
herhangi bir yaralanma veya hastalanma aninda -dalis ile ilgili veya degil - bir DAN Uyesinin veya DAN
ailesi (iyesinin yaninda evinden 80 km den daha uzakta iken tibbi sevk destegi verir.

DAN tarafindan direk kargilanmayan servisler DAN Gezi Yardimina geri 6denmeyecektir.

Eger yurtdisinda iken dalig harici bir kazaya ugrarsaniz, 6nce DAN’I arayin.

ALERT DIVER DERGISI
DAN uyeleri dalig glivenligi ve sagligina adanan tek yayin olan 6dullt Alert Diver dergisine de lyelik
kazanirlar. Avrupa versiyonu bir cok dilede olan dergiyi Uyeler yilda dért kez alir.

DAN DALIS KAZASI SIGORTASI

DAN genis bir dalig kazasi sigortasina sahiptir.

ki sigorta gesidi sportif dalicilar igindir, (¢ tanesi ise profesyonel dalicilar (dalis liderleri ve egitmenler
gibi) igin, dért tanesi de dalis okullari ve dalis merkezleri igindir.

Guncel bilgi igin Uyelik broglirlerine ve internet sitesine bakiniz.

DAN DALIS GUVENLIGI VE SAGLIGI URUNLERI

DAN dyeleri tim DAN urdnleri icin &zel fiyatlar alirlar. DAN'In Grin hatti dalis glvenligi ve saghgi
hakkinda birgok kitabr igerdigi gibi acil durum oksijen ekipmani ve dalici ilk yardim gantalarini da igerir.
Bunlar ve diger DAN Grlnleri DAN’In internet sayfasinda bulunmaktadir.

DAN 24 SAAT AKTIF HIZLI SIGORTA DOGRULAMASINI IiCEREN DALIS ACIL DURUM HATTI

Dalis ve gezi tibbi acil durumlari her an olugabilir. DAN'In 24 saat aktif dalis acil durum hattini arayanlar
dalig ve gezi tibbi acil durumlari ile her an, gece veya giindiiz, baga ¢ikmak tzere ézel olarak egitilmis,
deneyimli tip profesyonellerine ulagabilirler.

DAN'in segkin kayit-tutma sistemi sayesinde, DAN Uyesi tibbi acil durum sevk yardimi ve dalis kazasi
sigorta poligesi kayitlart DAN'in tek bir merkezinde glvenli olarak tutulur. Bir DAN (yesi olarak, eger siz
(veya arkadasginiz, esiniz veya doktorunuz) dalig acil durumu ile ilgili DAN'in acil durum hattini ararsaniz,
DAN uyelik faydalarini ve sigorta kapsamini hemen dogrulamasini yaptiktan sonra zamaninda sevk ve
/ veya basing tedavisini ayarlar.
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USE OF A DEEP (15M) AND SHALLOW (6M) STOP FOLLOWING 25
METER NO-DECOMPRESSION DIVES REDUCES DECOMPRESSION
STRESS (AS OBSERVED BY DOPPLER-DETECTABLE BUBBLES)
WHEN COMPARED TO EITHER A DIRECT ASCENT, OR DIRECT
ASCENT WITH ONLY A SHALLOW STOP

Alessandro Marroni - 2; Peter B. Bennett 4 5; Frans J. Cronjé % 7; Costantino Balestra ' 3;
Ramiro Cali-Corleo ' 2; Peter Germonpre - 6; Massimo Pieri ; Corrado Bonuccellj '

1) DAN Europe Foundation, Research Division. 2) Division of Baromedicine, University of Malta

Medical School. 3) Haute Ecole Paul Henry Spaak, Human Biology Dept. Bruxelles, Belgium. 4)

Divers Alert Network (DAN) America. 5) Duke University Medical Center, Durham, NC, USA. 6)
Center for Hyperbaric Oxygen Therapy, Military Hospital Bruxelles. 7) DAN Southern Africa

ABSTRACT: The incidence of neurological DCS has changed very little notwithstanding medifications to decompression algorithms
and dive computers. The efficacy of stage vs. linear decompression was already demonstrated in 1908 by Haldane. Yet changes
to decompression ratios have diminished the importance of fast tissues as leading tissues and the need for deep stops during
decompression. Most no-decompression dives follow a linear rate of decompression to the surface.

Methods: This Study examined the effect of different ascent rates and decompression stops on the Doppler Bubble Score
Indexes (BSI) of 22 volunteer divers. Two, consecutive, 25 m (82 fsw) dives were performed for 25 and 20 minutes respectively.
The dives were separated by a 3h30 surface interval and each dive series was separated by at least 7 days. Following these dives,
the divers ascended according to 8 different protocols: Ascent rates of 3, 10 and 18 (10, 33 and 60 fsw) m/min were combined
with no stops, only shallow stops (6 m; 20 fsw), or deep and shallow stops (15 m; 50 fsw and 6 m; 20 fsw).

Results: No DCI were reported. The highest precordial BSI - using both Spencer Scale (SS) and Extended Spencer Scales
(ESS) for each repetitive dive sequence were respectively 8.78/9.97 (ESS/SS) in no stop, linear ascents vs. 1.79/2.50 (ESS/SS)
for the 10-m/min ascent rate with both deep and shallow stops.

Conclusions: The introduction of a 15m (50 fsw) deep stop appears to significantly decrease the degree of decompression
stress as observed by Doppler-detectable bubbles and calculated gas tension loading in the 5 and 10 minute tissues. These tissue
compartments reflect gas exchange in the spinal cord, and the authors are of the opinion that the addition of a deep stop (15m;
50 fsw) may theretore potentially reduce the incidence of spinal cord decompression sickness in this type of diving.

INTRODUCTION

Although decompression procedures and tables have been modified several times over the last 40
years since scuba diving was initiated as a sport, and in spite of the current prevalence of dive computers
assisting with decompression, the incidence of decompression sickness (DCS) has changed very little
(1). It is inferred that this may be because critical factors such as rate of ascent and shallow stops are
not providing sufficient time to offload inert gas during the decompression or ascent.

Many decompression solutions in the past have relied on the Haldane hypothesis (2). This based
gas uptake or elimination from 5 so-called ‘tissue’ exponentials later increased to 6 by the U.S. Navy.
The premise was that excess gas retained in any of these “tissues” or compartments during ascent could
lead to DCS. Qver time, the emphasis moved from considering the fast tissues to protecting the slow
tissues, as experience suggested that the slow tissues were responsible for decompression symptoms
in Navy diving. The response was to reduce supersaturation thresholds; to add longer tissue half times
to the slow tissues, and to increase the thresholds for fast tissues. Eventually, the Bihlmann tables and
computers expanded to include 16 tissue half times (3).

Experience in treating recreational divers has shown that 65% of DCS cases are neurological; they
usually involve the spinal cord which has been reported having a tissue half time of only 12.5 mins (4).
Therefore, for a 30 m dive of 25 minutes, the fast 5 and 10 minute compartments will be virtually saturated.
These may therefore be the controlling factors rather than the slow exponentials, even though current
computer models de-emphasize the vulnerability of these tissues. Significantly more time may therefore
be required to desaturate these fast tissues in an effort to avoid neurological DCS. Indeed, the original
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Haldane table (2) for a 30m/25 min dive required decompression stops at 9, 6, and 3 m for a total
decompression time of 19 mins. Yet today, with an ascent of 10m/min and a ‘safety stop’ at 5m for 3
minutes, the diver is on the surface in only some 6 minutes; this may be far too short for adequate
desaturation of a fully saturated 5 min tissue.

The original research by Haldane with goats maintained that for a dive to an absolute pressure of P1,
the absolute pressure reduction during decompression - to P2 - should not be less than half the pressure
of P1. Leonard Hill (5) by contrast believed in a slow linear ascent model. In testing with goats, Haldane
found that the Hill method of slow linear ascent was ineffective and resulted in significant DCS. Yet for
many decades an empirical linear ascent rate of 18m/min has been recommended by the US Navy. More
recently, the rate has been reduced to 10m/min, although it has remained linear. When it was found that
even this strategy did not eliminate DCS, a single brief safety stop at 5m was recommended. The
modifications to the Haldane model by the US Navy eliminated the need for more decompression stops
during ascent and the so-called ‘deep stop’ was lost. Experience in pearl divers, and more recently in
technical divers, has led to the empirical reintroduction of the deep stop by these groups with apparent
success (6).

Marroni et al. (7) took the above hypotheses and data and applied it to 1,418 uneventful monitored
scuba dives in an effort to determine if it was indeed the ascent rate, total ascent time and the “fast
tissues” that are responsible for DCS in recreational divers. Normal recreational diving was monitored
using ‘black box’ depth-time recorders that blinded the diver to the data being collected. Doppler bubbles
were measured at 15 minute intervals up to 90 mins after the dive.

Precordial bubbles were detected over the entire observation period, but tended to peak at 30 or 40
minutes after surfacing. After repetitive diving, 85% of the dives produced bubbles. Although 18% were
low grade bubbles (i.e., Spencer Scale of 1-2), a dramatic 67% had high bubble grades (i.e., Spencer
Scale of 3-4). By applying the ZH-LBADT algorithm, the (black box) depth-time recorders permitted an
estimation of the amount of nitrogen in blood returning to the heart as well as the highest nitrogen partial
pressure in any tissue compartment at any time. This was called the leading tissue nitrogen (PItN2)
partial pressure (or critical supersaturation). Consistent with the hypothesis, it was found that the presence
of bubbles was related to excess gas in the fast to medium half time tissues rather than the slow tissues,
which is consistent with the theory that the fast tissues may control the ascent. A further discovery was
that by reducing the controlling fast tissue nitrogen tensions to 80% of the allowed M value (i.e. the
maximum calculated partial pressure of nitrogen permitted by the computer algorithm) - even on repetitive
dives - much less or no bubbling occurred.

The introduction of a Proportional M-Value Reduction (8) to the fast and medium HT Tissue
compartments - without changing the ascent rate - resulted in a modified ascent slope and in the
introduction of extra deep stops starting at approximately 15m which lengthened the ascent time from
11 mins to 18 minutes approximately, and reduced the incidence of high-grade bubbles in all monitored
dives from 30.5% to zero. This also had the effect of keeping the leading tissue nitrogen tensions
respectively within the critical 80% M value range.

As a result of this research and the recent theoretical discussions of the effects of linear ascent rates
(Hill) versus deep stops (Haldane), a matrix was developed for experimental dives to 25 meters by
volunteer divers with subsequent ascent rates of 3, 10 or 18 m/min and stops at 6 m or both 6 m and 15
m. The studies used blacked-out depth-time recorder data to calculate gas tensions of various ‘tissues’
of 5, 10, 20, 40 and 80 min half time.

METHODS

21 recreational divers volunteered to participate in the study. After reading and signing the informed
consent form, they were instructed to complete each of 8 possible combinations of ascent rate with or
without decompression stops. The dives were undertaken over separate weekends and involved a 25
meter dive for 25 min followed by a repetitive dive to 25 m for 20 min after a 3h30 surface interval.

The prescribed ascent rates were 18, 10 and 3 m/min respectively, with or without 5 min stops at 15
and 6 meters.

The 18 m/min ascent profile, without any stops, was intentionally excluded for safety reasons.
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Most subjects completed all of the 8 profiles: two divers were excluded before completing the fifth
profile, due to pregnancy.

A few divers omitted the repetitive dive profile due to feeling too cold or due to adverse sea conditions.

All dives were recorded for time/depth profile by means of the modified Uwatec computers, as described
in the previous work of DAN Europe (9). Doppler recordings were performed using an Oxford Instruments
3,5 MHz probe with digital recorder (9).

The recordings were made over a 1 minute period and repeated every 15 minutes for a total of 90
minutes after the dives. The recordings were eventually assessed by a blinded, experienced, researcher
under undisturbed laboratory conditions. The Doppler Bubble Signals were scored according to the
Spencer Scale (10) as well as a our simplified Doppler Bubble Grading System (11-13):

» LBG - Low Bubble Grade: occasional bubble signals, Doppler Bubble Grades (DBG) lower than 2
in the Spencer Scale

» HBG - High Bubble Grade: Frequent to continuous bubble signals, DBG 2 and higher in the Spencer
scale.

Very high DBG’s were rated HBG+ grading, when bubble signals reached grade 3,5 in the Expanded
Spencer Scale (see below).

The Expanded Spencer Scale (ESS), developed by this group and using “half grades” to allow a more
incremental grading, was also used to grade doppler signals (13).

To determine the relative index of decompression stress, a “Bubble Score Index - BSI” was calculated
for each “Dive plus Repetitive Dive” experimental profile. Doppler Readings from the participants were
converted to ESS grading. These were then added up and then divided by the number of participating
volunteer divers for each profile to generate an average score.

To compare Doppler BSI to tissue saturations, all dive profile data was downloaded from the depth-
time recorders and analyzed by means of the Blhimann ZHL8-ADT algorithm to determine the maximum
M value for each of the 8 tissue compartments. The results were expressed as a percentage of the M
Value, both during the different phases of the ascent and upon reaching the surface.

TABLE I - Matrix of the experimental Dive Profiles

Profile Depth (m) Time (min) Ascent Stop@15m | Stop@6m Total Ascent

Speed m/min Time {min)
1 25 25 10 0 0 2,5
1R 25 20 10 0 0 2,5
2 25 25 3 0 0 8
2R 25 20 3 0 0 8
3 25 25 18 0 5 6,5
3R 25 20 18 0 5 6,5
4 25 25 10 0 5 7.5
4R 25 20 10 0 5 7,5
5 25 25 3 0 5 13
5R 25 20 3 0 5 13
6 25 25 10 5 5 12,5
6R 25 20 10 5 5 12,5
7 25 25 18 5 5 11,5
7R 25 20 18 5 5 11,5
8 25 25 3 5 5 18
8R 25 20 3 5 5 18
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RESULTS

The highest Doppler scores were observed after no stop, linear ascents. Here tissue saturations of
the 5 and 10 min Half-Time (HT) compartments exceeded 60 and 80% of the allowed M Values according
to the Blhimann ZHL8-ADT algorithm. The BSI for these dives reached values of 8.79 at an ascent rate
of 3 m/min and 7.34 at an ascent rate of 10 m/min.

Medium-high Doppler scores were observed after the dives with a stop at 6 m for 5 minutes, with the
5 and 10 min HT tissue saturation exceeding 30% and 65% respectively. The BSI was 8.07 for the 3m/min
ascent rate; 7.38 for the 18 m/min speed of ascent; and 5.23 for the 10 m/min speed of ascent.

When a deep stop was introduced, the 5 and 10 minutes tissue tensions dropped to between 22 and
28%, and 49 to 55% respectively. The observed Doppler BSI reached minimum values of 3,23 for the
18m/min speed of ascent; 1.76 for the 10-m/min speed of ascent; and 3.51 for the 3-m/min speed of
ascent.

Table Il - Fast Tissue Saturation and Bubble Scores after the different dive Profiles

Ascent Rate Stops 9 min Tissue | 10 min Tissue Bubble Score Total
Saturation Saturation BSI Time to Surface
(0-100 %) (0-100 %) minutes

3 m/min (Profile 2) | No Stop 48 75 8.79 8

3 m/min (Profile 5) | 6 m/5 min 30 60 8.07 13

3 m/min (Profile 8) | 15+6m/5 min 22 49 3.51 18

10 m/min (Profile 1) | No Stop 61 82 7.34 2.5

10 m/min (Profile 4) | 6 m/5 min 43 65 5.23 75

10m/min (Profile 6) | 15+ 6 m/5 min 25 52 1.76 12.5

18 m/min (Profile 3) | 6 m/5 min 42 G0 7.38 6.5

18 m/min (Profile 7) | 15+ 6 m/5 min 28 55 3.23 1.5

Although variations in the rate of ascent and the inclusion of a safety stop both affected the BSI and
individual diver ESS scores, the lowest scores were obtained by the addition of a 5 minute deep stop
(profiles 6, 7 and 8). Conversely, the highest BSI and ESS scores were associated with the linear, direct
ascent to the surface with at an ascent rate of 3 meters per minute with no stops (profile 2) as shown in
Table IIL.

TABLE Il - Incidence of Doppler Detected Bubbles after the different dive Profiles

Dive Profile BSI Grade 0 % Low Grade % High Grade % Very High
Grade %

1-1R 7,34 97 63,9 174 9,0

2 - 2R (worst) 8,79 10,0 50,6 194 20,0

3-3R 7.38 16,0 56,2 19,8 8,0

4 - 4R 5,23 18,6 62,8 10,9 5,7

5-5R 8,07 5,1 65,4 19,2 10,9

6 - 6R (best) 1,76 64,7 33,3 2,0 0,0

7-7R (2nd best) 3,23 34,5 64,3 1.2 0,0

8 - 8R (3@ best) 3,51 33,3 63,1 3,6 0,0
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DISCUSSION

In spite of gradual reductions in bottom time, ascent rate and the addition of an arbitrary shallow
safety stop, neurological decompression sickness remains a significant problem in recreational diving.

A primary target for DCS appears to be the spinal cord with its 12.5 minute half-time. This observation
suggests that we should re-examine strategies for gradual decompression of this compartment to improve
diving safety.

By using the known scientific methodologies employed in DAN’s Project Dive Safety; Project Safe
Dive; and recently Project Dive Exploration and the Diving Safety Laboratory in America and Europe
respectively, the effect of varying ascent rate and decompression could be studied.

This study was able to show that the introduction of a ‘deep stop’, in addition to the currently
recommended ‘safety stop’ for regular ‘no-decompression’ scuba air dives, was able to significantly
reduce the computer-estimated partial pressure of nitrogen for the leading fast and medium HT
compartments (critical tissues).

In addition the ‘deep stop’ reduced tissue supersaturation M-Values to values previously found to be
“safe” in our studies on the “Proportional M-Value Reduction Cancept” (PMRC), with greatly reduced
Precordial Doppler Detected Gas Bubble Scores.

These observations also indicate that the Delta-P imposed on the leading or critical tissue - irrespective
of the speed of ascent, may be a critical factor for the production of precordially detectable bubbles, and,
possibly, for the development of DCI in recreational dives.

Contrary to popular belief, this study has indicated that a slow, linear ascent may be significantly more
bubble-productive than a more rapid ascent rate with intermittent stops. Even for those profiles (5 and
6) where total ascent times were virtually identical, the intermediate ascent rate with two stops (6) yielded
significantly lower bubble scores than the slow ascent rate with a single stop (5).

According to this study, the optimal method for reducing post-dive bubble production is the combination
of an ascent rate of 10 meters per minute with a deep stop.

Although this study did not use decompression sickness (DCS) as an endpoint, and the authors
acknowledge the limitations of precordial Doppler as a predictor of DCS, this study does indicate an
improved economy of gas elimination by virtue of the inclusion of a deep stop.

CONCLUSIONS

The introduction of a deep stop appears to significantly decrease Doppler recorded bubbles and gas
tension loading in the fast tissues. The reduction in gas load affects tissue compartments that reflect gas
exchange in the spinal cord. The authors are of the opinion that this addition to decompression safety
may significantly reduce the incidence of spinal cord decompression sickness. Further studies are planned
to prove the direct correlation between this reduction in precordial bubbles and tissue gas tensions in
the so-called fast tissues and DCS.
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25 metreye yapilan dekompresyon duraksiz dalislardan sonra
derin (15m) ve sig (6m) duragin kullaniimasi, direkt bir cikisa
veya sadece tek bir sig durakh direkt cikisa kiyasla
dekompresyon stresini azaltmaktadir.

(Doppler yontemiyle saptanan kabarciklarla gézlendigi tizere).
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OZET: Nérolojik Dekompresyon Hastaligi (DCS) insidansi, dekompresyon algoritmalarinda ve dalis bilgisayarlarinda yapilan
degisikliklere ragmen cok kiiglk bir degisim géstermistir. Lineer dekompresyona karst kademeli dekompresyonun etkinligi daha
1908 yilinda Haldane tarafindan gésterilmistir. Fakat dekompresyon oranlarindaki degisiklikler, hizli dokularin belirleyici doku
olmalarini ve dekompresyon sirasinda derin durak ihtiyacini azaltmistir. Dekompresyonsuz daliglarin ¢ogu, ylzeye dek lineer bir
dekompresyon oranini izlemektedir.

YONTEMLER: Bu galismada tizerinde farkli ¢ikis hizlarninin ve dekompresyon duraklarinin 22 génill dalgicin Doppler Kabarcik
Skoru Endeksleri (BSI) izerindeki etkisi incelenmekiedir. 25 metrelye (82 fsw) sirasiyla 25 ve 20 dakikalik iki ardisik dalis
gerceklestirilmistir. Daliglar arasinda 3 saat 30 dakikalik bir ylizey beklemesi olup, dalis serilerinin her biri arasinda en az 7 gin
ara birakilmistir. Bu daliglari takiben 8 farkli protokole gére ¢ikis yapmiglardir: 3, 10 ve 18 (10, 33 ve 60 fsw) m/dakikalik gikis
hizlari duraksiz, sadece 1§ durak (6m; 20 fsw) veya derin ve sig duraklarla (15 m; 50 fsw ve 6m; 20 fsw) kombine edilmistir.

BULGULAR: Herhangi bir Dekompresyon Hastaligi (DCI) rapor edilmemistir. Her mikerrer dalis sekansina ydnelik hem
Spencer Skalas! (SS) hem de Genigletilmis Spencer Skalasiyla (ESS) saptanan en ylksek prekordiyal BSI, duraksiz lineer gikiglar
icin 8.78/9.97 (ESS/SS) olarak bulunmus, buna karsin hem derin hem de s1§ duraklarla 10-m/dak gikis hizi igin 1.79/2.50 (ESS/SS)
olarak belirlenmistir.

SONUCLAR: 15m'lik (50 fsw) bir derin duragin kullamimasinin, Doppler yontemiyle saptanan kabarciklar ve 5 ve 10 dakika
dokularinda hesaplanan gaz gerilim yiikiyle gézlemlendigi izere dekompresyon stres derecesini azalttidi distiniimektedir. Bu
doku kompartmanlar omurilikteki gaz degisimini yansitmaktadir ve arastirmacilar bu nedenden &tiri derin bir duragin (15m; 50
fsw) eklenmesinin, bu tiir daliglarda omurilik dekompresyon hastalidi insidansini azalima potansiyeline sahip oldugu gérusiindedir.

GIRIS

Scuba daliginin bir spor olarak baslamasindan beri gegen son 40 yil boyunca dekompresyon
prosedirleri ve tablolari degistiriimis olmakla birlikte ve dekompresyona yardimei olan dalis bilgisayarlarinin
guncel kullanimina ragmen, dekompresyon hastaligi (DCS) insidansinda ¢ok az degisiklik meydana
gelmistir (1). Bu durumun, ¢ikis hizi ve si1§ duraklar gibi kritik faktérlerin, dekompresyon veya cikig
sirasinda inert gazin bosaltiimasi igin yeterli stire saglamamasina bagl oldugu sonucu ¢ikartiimaktadir.

Gecmisteki dekompresyon ¢ézimlerinin bir gogu Haldane hipotezine (2) dayanmaktadir. Bu gaz
emilimi veya atimi énce 5 adet daha sonra ABD Donanmasi tarafindan 6'ya ¢ikartilan “doku” tabir edilen
usteli (exponansiyeli) kullanilarak hesaplanir. Buradaki énerme, bu “dokular” veya kompartmanlarin
herhangi birinde kalabilecek gaz fazlasinin ¢ikis sirasinda DCS'ye neden olabilecegidir. Zaman icerisinde,
deneyimler Donanma dalisindaki dekompresyon semptomlarindan yavas dokularin sorumlu oldugunu
gosterdikce hizli dokularin yavas dokular korudugu dlsiincesi 6n plana ¢ikmistir. Buna yanit
siipersaturasyon esik degerlerinin azaltilmasi; yavas dokulara daha uzun doku yarilanma sirelerinin
eklenmesi ve hizli dokular icin esik degerlerin arttiriimasi olmustur. Sonunda Bihlmann tablolari ve
bilgisayarlari 16 doku yarilanma sUresi icerecek sekilde genisletiimistir (3).

Eglence amach dalanlarin tedavisi konusunda edinilen deneyimler, DCS vakalarinin %65'inin nérolojik
oldugunu géstermistir; bu vakalar cogu kez doku yarilanma stresi sadece 12.5 dak oldugu bildirilen
omurilik tutulumunu igermektedir (4). Bu nedenden &turd 25 dakikalik bir 30 m daligi igin hizli 5 ve 10

24 SuarTt Birim VE TEKNOLOJI TOPLANTISI 2004



dakikalik kompartmanlar neredeyse satlire olmaktadir. Bu dokular, giincel bilgisayar modellerinde bu
zarar gorme ihtimalleri Gzerinde durulmasa da yavas Ustellerden ziyade kontrol edici etkenlerdir. Nérolojik
DCS'nin énlenmesine yonelik ¢caba dahilinde bu hizli dokularin doymamis hale déniistiriilmesi icin kayda
deger 6l¢lide daha fazla zaman gerekecektir. Nitekim 30m/25 dakikalik bir dalig icin orijinal Haldane
tablosu (2), toplam 19 dakikalik bir dekompresyon stiiresi ve 9, 6 ve 3 m'de dekompresyon duraklarini
6ngdrmekteydi. Fakat glinimizde 10m/dakikalik bir ¢ikis ve 5 m'de 3 dakikalik bir emniyet duragiyla
.dalgig sadece yaklagik 6 dakikada ylizeye ulasabilmektedir; bu tam olarak doymus 5 dakikalik bir doku
icin yeterli bir desatlrasyondan ¢ok daha kisadir.

Haldane tarafindan kegiler Uzerinde yapilan ilk calismada, P1 seviyesindeki bir mutlak basinca
yapilacak bir dalig icin dekompresyon sirasinda basing azalmasinin P1 basincinin yarisindan daha az
olmamasi - P2 - gerektigi ileri stirlimustir. Diger yonden Leonard Hill (5) yavas bir lineer ¢ikis modeline
inanmaktaydi. Kegilerle yapilan testlerde Haldane Hill'in yavas lineer ¢ikis yénteminin etkisiz oldugunu
ve dnemli DCS vakalarina yol agtigini bulmustur. Yine de onlarca yil boyunca ABD Donanmasi tarafindan
18m/dakikalik bir empirik lineer gikis hizi tavsiye edilmistir. Daha yakin tarihlerde, bu hiz lineer kalmakla
birlikte 10 m/dakikaya azaltiimistir. Bu stratejinin bile DCS'yi ortadan kaldirmadid bulundugunda 5
metrede tek bir kisa durak yapilmasi ¢nerilmistir. Haldane modelinde ABD Donanmasinca yapilan
degisiklikler, gikis sirasinda daha fazla dekompresyon duraklarini ve “derin durak” ihtiyacini ortadan
kaldirmistir. inci dalgiglar ve daha yakin dénemde teknik dalgiclarda edinilen deneyimler, bu gruplarda
derin duraginin empirik olarak tekrar baglatiimasina neden olmus ve agik bir basari saglanmistir (6).

Marroni ve ark. (7) yukaridaki hipotezi ve verileri almig ve dinlence amaclh dalgiclarda DCS'den
sorumlu olanin gercekten de cikis hizinin, toplam ¢ikis stresinin ve “hizli dokularin” olup olmadigini
belirlemek igin 1,418 olaysiz izlenmis scuba dalisina uygulamistir. Normal dinlence amagh daliglar,
toplanan verileri dalgictan gizleyen “kara kutu” adli derinlik-stire kayit cihazlari kullanilarak takip edilmistir.
Doppler kabarciklari dalistan sonra 15 dakikalik araliklarla 90inci dakikaya dek &lglmustiir.

Prekordiyal kabarciklar tim gézlem s(iresi boyunca gtzlenmekle birlikte yiizeye giktiktan 30 veya 40
dakika sonra maksimum diizeye ulagmaktadir. Milkerrer daligtan sonra, daliglarin %85' kabarcik retmistir.
%18'i duslik dereceli kabarciklar olsa da (yani Spencer Skalasi 1-2), 6nemli bir kismi olan %67'inde yiiksek
dereceli kabarciklar mevcuttu (yani Spencer Skalasi 3-4). Derinlik-zaman kay|t cihazlari, ZH-L8ADT
algoritmasi uygulanarak, (kara kutu) kalbe dénen toplardamarlardaki kanin nitrojen (azot) miktarinin yani
sira tim doku kompartmanlarindaki en ylksek azot kismi basincinin (PItN2) tahmini olarak belirlenmesine
imkan tanimaktadir. Bu lider doku azotu kismi basinci (PItN2) (veya kritik siipersatiirasyonu) olarak
adlandirimaktadir. Hipoteze uygun olarak hava kabarciklarinin varhiginin, yavas dokulardan ziyade yavas
ila orta yarilanma suresi dokularyla iligkili oldugu saptanmistir. Bu durum hizli dokularin ¢ikisi kontrol
edebilecegi teorisiyle uyumludur. Bunun yani sira hizli doku azot gerilimleri izin verilen M degerinin %80'ine
indirildiginde (yani bilgisayar algoritmasinin izin verdigi maksimum hesaplanmis kismi azot basinci) -
ardigik daliglarda dahi - cok daha az veya hi¢ kabarcik olusumu meydana gelmedigi de kegfedilmistir.

Hizli ve orta HT Doku kompartmanlarina Orantili M-Degeri Azalmasinin (8) uygulanmaya baglanmasi
- gikig hizi degistirilmeden - modifiye bir ¢ikis edrisine ve yaklagik 15m'de baslayan ekstra derin duraklarin
uygulanmaya baglamasina yol agmistir. Bunun sonucunda ¢ikis stiresi 11 dakikadan yaklagik 18 dakikaya
¢ikmig ve takip edilen tim dalislarda yiiksek dereceli kabarcik insidansini %30.5'den sifira indirmistir.
Bunun bir diger etkisi de lider doku azot gerilimlerinin kritik %80 M degeri aralijinda tutulmasi olmustur.

Bu arastirma ve derin duraklara (Haldane) karsi lineer ¢ikis hizlarinin (Hill) etkileriyle ilgili yakin tarihli
teorik tartismalarin neticesinde, 3, 10 veya 18 m/dakikalik ¢ikis hizlari ve 6 m veya hem 6 m hem de 15
metrede duraklarla gonlllt dalgiglarin 25 metreye yaptiklar dalislar igin bir matris gelistiriimistir.
Caligmalarda 5, 10, 20, 40 ve 80 dak yarilanma surelerinin gesitli 'dokularin' gaz gerilimlerini hesaplamak
icin karartilmis derinlik-zaman kayit cihazi verileri kullaniimistir.

YONTEMLER

21 amator dalgi¢ bu calismaya katiimak lizere génilli olmustur. Yazil muvafakatname formunu
okuyup imzaladiktan sonra bu kisilerde 8 olasi gikis hizi kombinasyonlarinin her birini dekompresyon
duraklariyla ve duraklari olmadan tamamlamalari talimati verilmistir. Dalislar ayri hafta sonlarinda
gergeklestirimistir ve 25 dakika boyunca 25 metrelik bir daligsin ardindan 3 saat 30 dakikalik bir ylizey
molasini takiben 20 dakika boyunca 25 metrelik bir tekrar daligi seklinde yapilmigtir.
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Ongérilen ¢ikis hizlari, 15 ve 6 metrede 5 dakikalik duraklarla veya duraklar olmadan sirasiyla 18,
10 ve 3 m/dakikaydi.

Herhangi bir durak olmadan yapilan 18 m/dakikalik ¢ikis profili glivenlik nedenlerinden &6tlra kasitli
olarak calisma dis! tutulmustur.

Katilimeilarin cogu 8 profilin timini tamamlamistir: iki dalgic gebelik nedeniyle besinci profili
tamamlamadan énce dalis disi birakilmistir.

Birkag dalgig, asin soguk oldugundan veya olumsuz deniz kosullari nedeniyle mikerrer dalig profilini
atlamistir.

Dalgiglarin tiimii, DAN Europe'un (9) daha énceki galismasinda tarif edildigi sekilde modifiye Uwatec
bilgisayarlari yardimiyla zaman/derinlik profili yéninden kaydedilmistir. Doppler kayitlari, dijital kayt
cihazina sahip Oxford Instruments 3,5 MHz problarla gergeklestiriimistir (9).

Kayitlar 1 dakikalik stire boyunca yapiimis ve dalistan sonra toplam 90 dakika boyunca her 15 dakika
boyunca tekrar edilmigtir. Kayitlar daha sonra rahatsiz edilmeyi 6nleyecek laboratuar kosullar altinda
deneyimli aragtirmacilar tarafindan kér calismalarla degerlendiriimistir. Doppler Kabarcik Sinyalleri
Spencer Skalasi (10) ve ayrica bizim sadelestirimis Doppler Kabarcik Puanlama Sistemimiz (11-13)
kullanilarak puanlanmigtir.:

+ LBG - Dusiik Kabarcik Derecesi: ara sira kabarcik sinyalleri, Doppler Kabarcik Dereceleri (DBG)
Spencer Skalas| Uzerinde 2'den daha diiguk

« HBG - Yiiksek Kabarcik Derecesi: Sik ile slrekli arasinda kabarcik sinyalleri, Spencer skalasinda
DBG 2 ve daha ylksek.

Kabarcik sinyalleri Genisletilmis Spencer Skalasi (bkz. asagida) derece 3,5'a ulagtiginda gok ylksek
DBG'ler HBG+ dereceli olarak puanlanmistir.

Bu grup tarafindan gelistiriimis ve daha fazla derecelendiriimis bir artis saglayan “yarim dereceler” kullanan
Genigletilmis Spencer Skalasi (ESS) da Doppler sinyallerinin derecelendirimesinde kullaniimigtir (13).

Dekompresyon stresinin géreceli endeksini belirlemek icin her “Dalig arti Miikerrer Dalig” deney profili
icin bir “Kabarcik Skoru Endeksi - BSI” hesaplanmistir. Katiimcilardan elde edilen Doppler Olgtimleri
ESS puanlamasina dénistirilimistir. Sonra bunlar eklenmig ve ardindan her profil igin katilan génullt
dalgi¢ sayisina boliinerek ortalama bir skor olusturulmustur.

Doppler BSI degerini doku doyumlariyla karsilastirmak igin tim dalis profili verileri derinlik-zaman
kayit cihazlarindan indirilmis ve Blihimann ZHL8-ADT algoritmasiyla analiz edilerek 8 doku kompartmaninin
her biri igin maksimum M deg@erleri saptanmistir. Sonuglar, hem gikigin degisik evreleri sirasinda hem
ylzeye ulastiktan sonra M degerinin ylzdesi cinsinden ifade edilmistir.

TABLE | - Deneysel Dalig Profillerinin Matrisi
Profil Derinlik (m) | Siire (dak) Gikis Hizi Durak@ 15 m |Durak @ 6 m Toplam Gikis
m/dak Siresi (dak)
1 25 25 10 0 0 2.5
1R 25 20 10 0 0 2,5
25 25 3 0 0 8
2R 25 20 3 0 0 8
3 25 25 18 0 5 6,5
3R 25 20 18 0 5 6,5
4 25 25 10 0 5 75
4R 25 20 10 0 5 75
5 25 25 3 0 5 13
5R 25 20 3 0 5 13
6 25 25 10 5 5 125
6R 25 20 10 5 5 125
7 25 25 18 5 5 115
7R 25 20 18 5 5 115
8 25 25 3 5 5 18
8R 25 20 3 5 5 18
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BULGULAR

En yuksek Doppler skorlari duraksiz lineer ¢ikiglardan sonra gézlenmistir. Burada 5 ve 10 dak
Yarilanma Zamani (HT) kompartmanlarinin doku doygunluk diizeyleri, Biihimann ZHL8-ADT algoritmasi
uyarinca izin verilen M deg@erlerinin %60 ve %80'ini agmistir. Bu dalislar icin BSI degerleri 3 m/dakikalik
bir ¢ikis hizinda 8.79 ve 10 m/dakikalik bir ¢ikis hizinda 7.34'e ulasmistir.

Orta-ylksek Doppler skorlari 6 metrede 5 dakikalik durakli dalislarda gézlenmis ve 5 ve 10 dakikalik
HT doku doygunluk oranlari sirasiyla %30'u ve %65'i asmistir. 3 m/dak ¢ikis hizi igin BSI 8.07; 18 m/dak
¢ikig hiziigin 7.38; ve 10 m/dakikalik ¢ikis hizi i¢in 5.23 olarak saptanmistir.

Bir derin durak uygulandidinda 5 ve 10 dakikalik doku gerilimleri sirasiyla %22-28 ve %49-55 arasindaki
oranlarda azalma gostermistir. G6zlemlenen Doppler BSI dizeyinin ulastigi minimum deger 18 m/dakikalik
¢ikig hiziigin 3,23; 10-m/dakikalik ¢ikis icin 1.76; ve 3-m/dakikalik gikis hiziigin 3,51 olarak belirlenmistir.

Hem ¢ikis hizindaki hem de bir glivenlik duraginin dahil edilmesindeki degisiklikler BSI ve her bir
dalicinin ESS skorlarini etkilemis olmakla birlikte en diistik skorlar 5 dakikalik bir derin duragin (profil 6,
7 ve 8) eklenmesiyle saglanmistir. Diger yonden, en yliksek BSI ve ESS skorlari, Tablo lll'de gésterildigi
lzere duraksiz bir sekilde dakikada 3 metrelik bir ¢ikis hiziyla yizeye yapilan direkt ¢ikista gézlenmistir
(profil 2).

Table Il - Farkli dalis profillerini takiben hizli doku doyumu ve kabarcik skorlarn

Cikis Hizi Duraklar 5 dak Doku 10 dak Doku Kabarcik Skoru |  Yiizeye Dek
Doygunlugu Doygunlugu BSI Toplam Siire
(0-100 %) (0-100 %) dakika

3 m/dak (Profil 2) No Stop 48 75 8.79 8

3 m/dak (Profil 5) 6 m/5 dak 30 60 8.07 13

3 m/dak (Profil 8) 15+ 6 m /5 dak 22 49 3.51 18

10 m/dak (Profil 1) No Stop 61 82 7.34 2.5

10 m/dak (Profil 4) | 6 m/5 dak 43 65 5.23 7.5

10m/dak (Profil 6) 15+ 6 m/5 dak 25 52 1.76 12.5

18 m/dak (Profil 3) | 6 m/5 dak 42 60 7.38 6.5

18 m/dak (Profil 7) | 15+ 6 m/5 dak 28 55 3.23 11.5

TABLE Ill - Farkli dahis profillerini takiben Doppler Yontemiyle Saptanan Kabarciklarin insidansi

Dalis Profili BSI Derece 0 % Diigtik Derece % | Yiiksek Derece % | Gok Yiiksek
Derece %
1-1R 7,34 9,7 63,9 17,4 9,0
2 - 2R (en koti) 8,79 10,0 50,6 19,4 20,0
3-3R 7,38 16,0 56,2 19,8 8,0
4 - 4R 5,23 18,6 62,8 10,9 57
5-5R 8,07 5,1 654 19,2 10,9
6 - 6R (en iyi) 1,76 64,7 33,3 2,0 0,0
7-7TR (2. en iyi) 3,23 34,5 64,3 1,2 0,0
8 - 8R (3. en iyi) 3,51 33,3 63,1 3,6 0,0
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TARTISMA

Dip stiresinde ve c¢ikis hizindaki kademeli azalmalara ve si1§ bir glivenlik duraginin gelisigizel
eklenmesine ragmen norolojik dekompresyon dinlence amagh dalislarda énemli bir problem olmaya
devam etmektedir.

DCS'nin temel hedeflerinden biri, 12.5 dakikalik yarilanma siiresiyle omurilik gibi gériinmektedir. Bu
gézlem, dalig glvenligini arttirmak icin bu kompartmanda kademeli dekompresyon saglamak amaciyla
kullanilan strateijileri tekrar incelememiz gerektigini distndirmektedir.

DAN Dalig Guvenligi Projesi'nde; Guvenli Dalis Projesinde; ve yakin tarihli Dalig Kesfi Projesi ve
sirasiyla Amerika ve Avrupa'daki Dalig Givenligi Laboratuarinda sahip olunan bilimsel yéntemler
kullanilarak degisken ¢ikis hizi ve dekompresyon etkileri incelenebilmistir.

Bu calismada, standart “dekompresyonsuz” scuba hava dalislarina yonelik olarak halen énerilen
“emniyet duragina” ek olarak “derin bir duragin” uygulanmasiyla, énde gelen hizli ve orta HT (kritik doku)
kompartmanlarinda bilgisayarla tahmin edilen kismi azot basinci énemli dl¢lide azaltilabilmistir.

Buna ek olarak 'derin durak' doku slpersattrasyon M-degerlerini, “Orantili M-Degeri Azaltma Konsepti”
(PMRC) tizerine yaptigimiz calismalarda énceden “glvenli” olduklarini tespit ettigimiz degerlere distrmis
ve Prekordiyal Doppler Yontemiyle Saptanmig Gaz Kabarcigi Skorlarini biylk dlgtide azaltmistir.

Bu gézlemler ayni zamanda 6nde gelen/lider veya kritik dokuya ylklenen Delta-P'nin - ¢ikis hizindan
bagimsiz olarak, prekordiyal olarak saptanabilen kabarcik iretimi ve muhtemelen dinlence amagli
dalislarda DCI gelisimine y&nelik kritik bir faktér olabilecegini de géstermektedir.

Guincel inanisin tersine bu calisma yavas, lineer bir ¢ikigin aralikli duraklarla daha blyiik bir ¢gikis
hizindan 6nemli élclide daha fazla kabarcik Urettigini gdstermistir. Toplam ¢ikis slreleri neredeyse ayni
olan profiller (5 ve 6) icin bile iki durakli (6) ara cikis hizi, tek bir durakli yavas ¢ikis hizina kiyasla (5)
anlamli diizeyde daha az kabarcik skoru saglamustir.

Bu ¢alismanin sonuglarina gdredalis sonrasi kabarcik Uretimini azaltmak igin ideal ydntem, dakikada
10 metrelik ¢ikis hizini derin bir durakla kombine etmektir.

Bu calismada belirleyici gdsterge olarak dekompresyon hastaligi (DCS) kullaniimamistir. Aragtirmacilar
DCS gostergesi olarak prekordiyal Doppler'in kullaniimasinin getirdigi kisitlamalarinin farkinda olsa da,
bu calisma derin bir duragin eklenmesi sayesinde gaz eliminasyonunda bir iyilesme oldugunu géstermistir.

SONUCLAR

Derin bir durak eklenmesinin Doppler yéntemiyle kaydedilen kabarciklari ve hizli dokulardaki gaz
gerilimi ylklemesini anlamli élglide azalttigi distnilmektedir. Gaz yukindeki azalma, omurilikieki gaz
degisimini yansitmaktadir. Arastirmacilar dekompresyon glvenligine yapilacak bu katkinin, omurilikteki
dekompresyon hastaligi insidansini anlamli ¢lctide azaltabilecedi gérisiindedir. Prekordiyal kabarciklardaki
bu azalmayla tabir edildigi Gzere hizli dokulardaki gaz gerilimleri ve DCS arasindaki direkt korelasyonu
kanitlayacak ek galismalar planlanmigtir.
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Introduction

Recent publications again raised the urge for a standardization of the Transoesophageal contrast
echocardiography; although many agree on the innocuity of the technigue in humans (Fisher, Fisher et
al. 1995), the quantification and the evaluation protocol is not consensual.

Mas et al. 2001 used semiquantitative transesophageal contrast echocardiography (c-TEE) to determine
the size of patency of the Foramen Ovale (PFO) in their patient groups (Mas, Arquizan et al. 2001). They
state themselves that there was a substantial degree of disagreement among the three reviewers of the
c-TEE videorecordings.

The variability in PFO detection ahs been studied and showed discrepancies (Fisher, Fisher et al.
1995; Nygren and Jogestrand 1998; Greim, Trautner et al. 2001; Ha, Shin et al. 2001; Kampen, Koch
et al. 2001; Pfleger, Konstantin Haase et al. 2001; Cabanes, Coste et al. 2002) Schuchlenz et al.
(Schuchlenz, Weihs et al. 2002) have indeed confirmed that the degree of shunting of contrast solution
injected in the antecubital vein is by far inferior to that of bubbles injected into the femoral vein; an
observation already made by Gin et al. in 1993 (Gin, Huckellk et al. 1993) ; the same conclusions are
drawn by Hamann et al. in 1998 (Hamann, Schatzer-Klotz et al. 1998).

The lack of carrelation observed by Schuchlenz is obviously due to the absence of an effective straining
manoeuvre, capable of counteract the preferential flow from the Inferior Caval Vein (ICV) towards the
fossa ovalis (Rouviére and Delmas 1985). It is striking that in not one of all the studies performed, a
precise description of the nature and duration of the straining manoeuvre is mentioned, which to our
view, represent a serious methodological flaw.

Our Propositions

We have observed that, to achieve adequate contrast mixing in the right atrium, the duration of the
straining manoeuvre performed before release is more important than the actual intrathoracic pressure
obtained (Balestra, Germonpre et al. 1998). Based on this observation, we proposed a standardised
straining manoeuvre for c-TEE examinations of PFO (Germonpre, Dendale et al. 1998) .

Protocol

- identify the interatrial septum in long-axis view, possibly focusing on the separation plane between
septum primum and secundum (Schuchlenz, Weihs et al. 2000)

- perform a first straining manoeuvre in order to exclude false respiratory contrast (Van Camp, Cosynns
et al. 1994)

- perform a first contrast study, using the same straining manoeuvre:

- after a medium to deep inspiration, and with closed glottis, perform an abdominal pressure increase
(“push down in the abdomen”) while the investigator counts slowly to 10

- keep the TEE probe immobile, even if the heart seems to shift out of view during this manoeuvre

- inject contrast medium (in our case, agitated saline 9.5ml + 0.5ml air) through a large-bore catheter
in an elbow vein, after 7-8 seconds of straining

- when the first contrast bubbles appear in the right atrium, instruct the patient to exhale normally

- observe right-to-left shunting of contrast bubbles within the first three heartbeats after release of the
straining manoeuvre: Grade 0 - no passage, Grade | - less than 20 bubbles, Grade Il - more than 20
bubbles.
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Conclusions

Using this standardised straining manoeuvre, we were furthermore able to demonstrate a high level
of correlation between a Grade || PFO and cerebral decompression sickness in sports divers, caused
by paradoxical embolisation of nitrogen bubbles arising predominantly from the tissue in the lower
extremities and thus transported via the ICV - a mechanism similar to unexplained stroke (Van Camp,
Schulze et al. 1993).

The importance attributed by certain authors to the degree of spontaneous shunting (i.e. without
straining manoeuvre) is in view of the post-embryological anatomy and flow characteristics, unjustified.
In patients incapable of performing a proper straining manoeuvre, injection of contrast through the femoral
vein should be performed.
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GIRIS

Yakin dénemli yayinlarda transesofajeal kontrast ekokardiyografinin standartlastiriimasina yonelik
ihtiyag vurgulanmaktadir (Fisher, Fisher et al. 1995). Bu yaynlar bu teknigin insanlarda kullaniminiz
zararsiz oldugu konusunda hem fikirdir. Ancak, bu teknikte siniflama ve degerlendirme protokolii
konusunda bir mutabakat séz konusu degildir.

Mas ve ark. 2001, hasta gruplarinda Foramen Ovale'nin (PFO) aciklik boyutunu belirlemek igin yari-
niceliksel transesofajeal kontrast ekokardiyofi (c-TEE) kullanmislardir (Mas, Arquizan ve ark., 2001).
Calismay!1 gergeklestiren kisiler c-TEE video kayitlarini degerlendiren g kisi arasinda énemli dlgiide
anlagmazlik oldugunu belirtmektedir.

PFO tetkikinin degiskenlig