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PROGRAMME
14th Capita Selecta Duikgeneeskunde

The metabolic gases oxygen and carbon dioxide in diving
An advanced course for dive physicians and other care professionals.
Date: Saturday 7 February, 2015
Venue: Academic Medical Centre, University of Amsterdam
Room 120 B1, Building B, Meibergdreef 9, 1105 AZ Amsterdam
Subjects
The role of oxygen and carbon dioxide in diving medicine
Aim
This course aims to give insight into the beneficial effects of high oxygen partial pressures as it occurs in several
situations like diving, working in compressed air and during hyperbaric oxygen treatment, used to treat
decompression illness well as for other clinical applications. Moreover, it discusses also the adverse effects of
high partial pressures of oxygen and carbon dioxide. The reason for the favourable as well as adverse effects of
these two gases is that the play a prominent role in the metabolism; it are ‘pre-eminently the metabolic gases.
Their role in physiology and pathophysiology under normobaric, hyperbaric and also hypobaric (space and
aviation) conditions will be discussed from historical as well as present day perspective. The theme includes
safety aspects, both medical as well as general.
Theoretical knowledge of the above matter is of importance for the diving physician, since the effects of PO2 and
PCO2 explain disorders like acute and chronic oxygen toxicity and hypercapnia.
After this seminar, the physician will have the understanding of the dangers of too high partial pressures of
oxygen and carbon dioxide, and will know how to select the partial pressures of oxygen in the breathing mixtures.
In submersion, the consequences of a wrong choice may be deadly; after rescuing immediate measures must be
taken to prevent more serious disorders and damage. The participant learns how to act, diagnose and treat.
This seminar should be regarded as an advanced course. An elementary course on diving medicine (in the
Netherlands e.g. SHF or VSG) is a prerequisite for attending physicians.
Teachers
Jan Willem Bech, Safety Engineer (Alliander),
Jean-Claude Le Péchon, MSc, MEng, consultant in safety management under hyperbaric conditions,
JCLPHyperbarie, Paris,
Dr. Nico Schellart, Assoc. Prof., medical physicist and diving physiologist, dept. of Biomed Eng and Physics, AMC,
Prof. Dr. Wouter Sterk, anaesthesiologist and diving- and hyperbaric physician.
Participants
Diving physicians, academic and higher educated paramedics, highly qualified instructors with higher education.
Recommendation
The course is recommended by the expert group of dive medicine of the Vereniging voor Sportgeneeskunde (Soc
Sports Med) and by the Nederlandse Vereniging voor Duikgeneeskunde (NVD, Dutch Soc Dive Med).
Accreditation
The program comprises 6 oral contact hours and is assumed to give 6 accreditation points for the Dutch
NVAB, NVD and VSG.
The course members obtain a certificate after completion of the whole course.
Course members from outside the Netherlands should apply personally with their own accreditation office. We will
support them administratively. The level of the course is in accordance with that of EDTC and ECHM for Medical
Examiner (Level I) and Diving Physician (Level IIa), 2010.
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General: mission of the “AMC Capita Selecta Duikgeneeskunde”.
The Capita Selecta Duikgeneeskunde (CSD), refresher courses dive medicine, are given by the Academic
Medical Centre (AMC), a one-board-cooperation of the medical faculty of the University of Amsterdam (UvA) and
the academic hospital with the UvA. This hospital has a special position within the Dutch academic hospitals; it is
the cradle, also in Europe of a related discipline, hyperbaric medicine, performed in the “Boerema Tank”. This
new type of refresher courses, offered to dive physicians, has a typical ‘Alma Mater’ character.
In the first place, the AMC Capita Selecta present extensively and discipline-wise education in dive and caisson
medicine. In addition, they may also give education in new developments as they occur in the academic hospitals
and medical faculties as far as relevant for diving. This implies that, within the lessons, the characteristics of
disorders are discussed, including their diagnostics and treatment, form the point of view of the present academic
state of the art.
In short, the Capita Selecta are marked by a mix of education in the dive medicine of the respective discipline and
some up-to-date education in the discipline itself, for instance in cardiology, ophthalmology, otology etc. Some
attention for diving research is belongs to a course given by a university. Also, the Capita will pay attention to the
requirements of the medical examination.
The Capita are aimed for non-specialized physicians, first line physicians, sport and occupational physicians,
professional dive physicians, clinical doctors and paramedical academics and technicians, and diving instructors.
In general, the teachers have their affiliation with academic hospitals and medical faculties, and have an
international reputation in patient care, academic education and/or medical research as becomes clear from their
curriculum vitae.
To have lower thresholds for the courses given in the Netherlands, the venue is easy to reach and centrally
located, and moreover the course is low-budget.
Programme committee
Nico Schellart (chair, medical physicist an diving physiologist), Marga Schweigmann (hyperbaric & diving
physician), Erik van der Sande (family and sport physician), Tjeerd van Rees Vellinga MD (occupational and
hyperbaric physician) and ad hoc Wouter Sterk (anesthesiologist, hyperbaric and diving physician) and JeanClaude Le Péchon (consultant in safety management for hyperbaric situations).
Executive committee
Dr. Nico Schellart (course director), Eduard van Riet Paap, MSc (administrative manager) and Hans van Dam,
MSc.
Responsibility
The Capita Selecta Duikgeneeskunde courses are given under the responsibility of the Academic Medical Centre,
1)
Univ. of Amsterdam (course leader Nico Schellart). The organization is by the Stichting Duik Research (SDR)
and Biomed. Eng. & Physics, AMC (Prof. Dr. A.G.J.M. van Leeuwen, chair).
Announcements
Ongoing announcements about future courses can be found at www.duikresearch.org, www.diveresearch.org or
are communicated by E-mail.
1)

SDR is a non-profit organisation aimed to promote dive safety. Work for SDR is done voluntarily.

© Copyright 2015. All rights reserved. Material of this document may not be reproduced in any form without
permission of AMC and the course manager.
© Copyright bij het AMC te Amsterdam en de cursusleider (NS). Alle rechten voorbehouden. Materiaal van dit document mag
niet gereproduceerd worden, in welke vorm dan ook, tenzij vooraf toestemming is verkregen van de kopijrechthouders (info
n.a.schellart@amc.uva.nl).
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Programme

The metabolic gases oxygen and carbon dioxide in diving
08:30-09:00 Welcome
09:00-09:10 Nico Schellart, Some introductory notions about oxygen and carbon dioxide.
1

09:10-09:50 Jean-Claude Le Péchon, Introduction about the role of oxygen and carbon
dioxide in diving.

2a

09:50-10:55: Jean-Claude Le Péchon, Diving physiology of oxygen and carbon dioxide.
Part 1 Oxygen, free radicals, intoxications and pO2 management .
.
Break

2b

11:15-12:00 Jan Willem Bech, Oxygen-safety management in hyperbaric chambers and
filling stations.

3a

12.00-12.20 Jean-Claude Le Péchon, Diving physiology of oxygen and carbon dioxide.
Part 2 Diving physiology and carbon dioxide intoxication.

3b

12:20-12:35 Jean-Claude Le Péchon, Video on an acute CO2 intoxication with a rebreather.
Lunch

4

13:20-14:05 Wouter Sterk, Toxicity of O2 and CO2; from historical research to present day
insights.

5

14:05-14:45 Jean-Claude Le Péchon, Oxygen in 'high altitude diving” with semi- closed
circuit rebreather.
Break

6

15:05-15:45 Wouter Sterk, HBOT of DCI, from the past to present day practise.

7

15.45-16:05 Cases recited by the course members and lecturers.
16:05 16:25 Examination
16:25 16:45 Evaluation

6h00 contact time
Drinks

Disclaimer: Capita Selecta Duikgeneeskunde (i.e. AMC and SDR) is bound to execute the educational program, but small
program changes are under reserve.
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Wouter Sterk

The lecturers
Jan Willem Bech worked for Arbo Unie BV as a certified Higher Health and Safety Engineer and is currently
employed by Liandon (Alliander group) as safety adviser in the HSEQ department in the high voltage field. He
graduated in 2012 on the subject of managing oxygen under high pressure (ISBN 9789081884709). He is 3*
CMAS instructor, ‘CCR trimix diver’ and NOB-consultancy for tech-diving. He is also service technician and did
offshore underwater Helicopter escape training.
Jean-Claude Le Péchon graduated as biochemical engineer from INSA in Lyon in 1963 and as marine biologist
from Nice University. He has been employed at the Musée Océanographique of Monaco as a research ingineer
and incidentally as scientific diver during the Conshelf III Experiment (the undersea habitat sponsored by
Jacques-Yves Cousteau). Later he joined CEMA in Marseilles (J.Y. Cousteau) to do research on breathing gases
and to develop procedures for very deep dives (1000 m with animals; 500 m with humans) and was a test diver in
the Saturation II simulated dive at 400 msw. From 1973 to 1986, he served with CG DORIS, an offshore and civil
engineering commercial diving company. In 1986 he founded JCLP Hyperbarie, a global consultancy agency/
bureau specialized in matters related to life support and safety under pressure (commercial diving, tunneling,
space and hyperbaric medicine). He has been involved in more than 75 tunneling projects with compressed gas
mixtures, up to 6.9 bar and as well as in saturation diving technology. Although retired, he is still teaching
physiology and the technology of diving- and hyperbaric medicine at several universities in France and all over
the world. He is a National Instructor for SCUBA diving (Air, Nitrox and Trimix) and holds a deep sea commercial
diver certification since 1974. He has published many papers in magazines, books and international congresses
etc., and often speaks at international congresses on different topics concerning diving, hyperbaric medicine and
compressed gas work.
Nico Schellart graduated as biologist and specialized in physiological and biomedical physics. He investigated
visual information processing of the retina, resulting in a PhD in 1973 (University of Amsterdam). He is an associate
professor with the dept. of Biomedical Engineering and Physics of the AMC and was associate editor of “Medical and
Biological Engineering and Computation”. Some decades, he has investigated multi-sensory information processing
of the visual and auditory system in the brain, with animals by single unit elecytrophysiology and with humans by
fundamental and clinical EEG and MEG research. His neuroscience studies have been published in some 40 papers
and 80 abstracts and in 10 contributions in textbooks. He has studied the brain and the visual system under hypoxic
and hyperoxic conditions both in the lab and in the field, including pre-cordial Doppler studies, and recomments HBO
treatment for patients with cerebral radiation damage. He published these dysbaric and HBOT studies in some 17
papers (all as a first author), e.g. Cancer, J Appl Physiol and others, and in tens of conference proceedings (like
EUBS and UHMS). He teaches diving physiology. He is member of UHMS, EUBS and NVD, and has tested the
technical and physiological performance of dozens of dive computers (www.duikresearch.org), and is a recreational
scuba- and formerly a free diver.
Wouter Sterk obtained his MD at the University of Amsterdam in1966 and joined the Diving Medical Centre of the
Royal Dutch Navy until 1975. From 1971 to 1975 he was also senior scientist and head of the dept. of respiratory
physiology (50 % appointment), University of Utrecht. In 1973 he received a PhD at the University of Utrecht with
the thesis entitled: “Respiratory mechanics of diver and diving apparatus”. In 1978 he registered as
anesthesiologist after obtaining his training at the Academic Hospital of the University of Utrecht. From 1975 on
he is DMO for diving companies, caisson and tunneling projects and director of Dadcodat. For his work supporting
professional divers he got the Oceaneering International Award of the Undersea and Hyperbaric Medical Society
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in1989. In 1993 he was appointed as Professor in Underwater Physiology at Leiden University. From 1995 to
2009 he was medical director of the Institute for Hyperbaric Medicine with several settlements in the Netherlands
and afterwards until 2010 Interim medical director at the DDRC Hyperbaric Medical Centre, Plymouth, UK.
Worldwide, he supervised various tunnelling projects and is one of the most experienced operators of the
precordial Doppler technique. He developed the current professional diving tables in use by the Dutch National
Dive Center (NDC).
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Description of lectures
Jean-Claude Le Péchon, Introduction about the role of oxygen and carbon dioxide in diving
The presentation starts with the early work on oxygen toxicity, especially that of Paul Bert’s and Lorrain Smith’s
Works. Who was P. Bert? His major achievements in science and public live go far beyond that of discoverer of
oxygen toxicity. He worked e.g. on carbon dioxide, altitude physiology, anaesthesiology, decompression, general
biology, was member of parliament, Minister of National Education, leader in anti-clerical actions and their later
consequences in French legislation up to splitting Church and State in 1905. In addition the work of Lorrain Smith,
e.g. that on oxygen induced pneumonia will be reviewed..
Jean-Claude Le Péchon, Diving physiology of oxygen and carbon dioxide. Part 1 Oxygen; free radicals,
intoxications and pO2 management
In addition to the role of molecular oxygen in living organisms, many biochemical processes, beneficial and
adverse, uses reactive oxygen species (ROS). The underlying mechanisms of ROS in oxidative phosphorilation
and other processes (HBOT) will be discussed as well as their potential adverse side-effects. Also the
mechanisms of harmful effects of oxygen with high partial pressures (central nervous system insults) will be
highlighted.
The fundamentals of the so called Oxygen Window and its essential role of decompression will be explained. This
will show why pO2 is major point in calculating tables and why in recreational bounce dive techniques the long
term oxygen toxicity is not expected to be a problem. It will be addressed why in recreational bounce dive
techniques the long term oxygen toxicity is not expected to be a problem. Also why pulmonary disorders may
develop with continuous daily exposures to Nitrox and oxygen decompressions for several days? The
methodology of quantifying the chronic hyperoxic exposure to prevent pulmonary potential damage will be
described. In addition to chronic intoxication the in and outs of oxygen toxicity that can arise with the use of Nitrox
will be addressed. The methods to prevent acute intoxication, such as using the so-called CNS clock (Central
Nervous System clock) implemented in many dive computers will be commented. In contrast, hypoxia, a serious
danger with the use of rebreathers will be described.
Jan Willem Bech, Oxygen-safety management in hyperbaric chambers and filling stations
The presentation considers the risks that occur during the use of oxygen under high pressure, particularly in
clinical hyperbaric chambers and deco-tanks. It discusses the conditions, which has to be fulfilled to start an
oxygen fire. The various types of ignition sources and types of flammable materials are dealt with. The many
factors influencing the flammability of materials in an oxygen-enriched environment will be discussed. The use of
oxygen can lead to unexpected and extremely intense fires, often with serious consequences, as illustrated by
various examples. This presentation shows, amongst others, the risks and effects of oxygen-use in a hyperbaric
atmosphere. Moreover, attention is given to prevention and suppression. Many physicians and ambulance staff
are daily working with oxygen. This presentation will help them to recognize the risks and thus will help to enlarge
safety.
Jean-Claude Le Péchon, Diving physiology of oxygen and carbon dioxide. Part 2 Diving physiology and
carbon dioxide intoxication
The carbon dioxide -regular as well as pathological - contents in the various tissues and in the blood will be
addressed. Although CO2 is not a dangerous molecule, the adverse effect of abnormal concentrations needs
consideration. Safety limits, always expressed as partial pressures, and symptoms of hyper- and hypocapnia will
be presented. Poor elimination of carbon dioxide, metabolically produced, may induce various effects in particular
while breathing dense gases. Contamination of the diving gases may also lead to hypercapnia.
When breathing in closed circuit mode, carbon dioxide removal from the breathing gases is of paramount
importance. In particular, when the volume of the “atmosphere” is small, like in rebreathers.
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Jean-Claude Le Péchon, Instruction video
The video (in English) shows a fully documented acute carbon dioxide intoxication case involving a rebreather
dive (with authorisation of the author).
Wouter Sterk, Toxicity of O2 and CO2; from historical research to present day insights
th

The discovery of oxygen and the use in the 19 and 20est century, from quackery to regular medicine and the
role of Haldane in this field are explained. The toxicity of oxygen, first described by Bert and Lorrain Smith. The
toxic effects of oxygen, as studied during and after the second world war by Lambertsen (USA), Donald (UK),
Becker-Freyseng (Germany) and in the 21th century. Hyperbaric hyperoxia may be toxic, but what to say about
the toxicity of atmospheric oxygen: how long can we breathe pure oxygen at sea level without persisting
damage? Already research of 70 years ago is dealing with that aspect. Prolonged use of oxygen in long exposure
dives and Nitrox, as studied in the Eastern Scheldt building of the Storm Surge Barrier (1978-1986) will be
discussed: the lung toxicity fairy tales. The physiology of O2 and CO2 are interrelated. The role CO2 plays in
oxygen toxicity will be addressed. Diving with closed circuit oxygen apparatus has the risk of unconsciousness
similar as the shallow water black out. CO2 toxicity, acclimatisation and effects on the acid-base balance, as in
submarines and saturation habitats and the use of scrubbers and its pitfalls will be addressed.
Jean-Claude Le Péchon, Oxygen in 'high altitude diving” with semi- closed circuit rebreather
High altitude for diving should be considered from about 2500 m upward, which is not very frequently done since
it is often associated with cold water or even icy water! Living at high altitude requires adaptation to hypoxia. Why
hypoxia is more severe than a simple Dalton law’s calculation shows will be explained.
The high altitude situation reduces partial pressures of breathing gases at depth as compared to seawater dives.
The paradoxical longer decompression times compared to a normobaric surface condition will be discussed.
Several techniques can be used to evaluate the need of decompression stops after this type of dive. The extra
advantage of the use of Nitrox rebreathers at altitude will be addressed. Experience gained during an expedition
at Lake Chungara (4517 m), will be used as example.
Wouter Sterk, Hyperbaric treatment of DCI and the role of O2
The lecture will start with an exposition of the treatment of DCS and (C)AGE with compressed air and with
oxygen-enriched air, the HBO treatment. Both comprise physical as well as biochemical and cellular aspects. The
latter rely on the free oxygen radicals. The second part discusses the historical evolution of the recompression on
air and with HBO, both resulting in a relief of the symptoms of the patients. The role of heliox in present day
practise of treatment will be addressed.
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Fees
From € 65 to € 235 dependent on profession and requested accreditation (see subscription form).
The fee includes reader, test, certificate, lunch and drinks.

Hotels
Suggestions for nearby hotels are:
Hotel Abcoude (our choice)
Kerkplein 7, 1391 GJ Abcoude
+31 294 281 271, info@hotelabcoude.nl
Rooms from ca. 85 €/day
Bus connection with AMC: no. 120 and no. 126, 2 times per hour (ca. 20 min in total).
Bastion Hotel Amsterdam/Amstel
Verl. Van Marwijk Kooystraat 30, 1096 BX Amsterdam
+31 (0)20-6634567, http://www.bastionhotels.nl/nl/onzehotels/amsterdam
Rooms from ca. 85 €/day
Metro connection with AMC: many times per hour (ca. 20 min in total).
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Entertainment
Stay one more night for culture and entertainment in one of the most exciting cities of Europe.
The Koninklijk Concertgebouw (Royal Concert Hall)
(Ticket should be ordered long in advance).
The Muziek Theater (Stopera)
(Ticket should be ordered long in advance).

And many more flamboyant podium art theatres.

Museums
-

Rijksmuseum (The National Museum), completely renovated and with the Vatican Museum and
the Louvre one of the best general museum of the world.

-

Van Gogh Museum

-

Stedelijk Museum (City Museum) with 20 Century Art

-

Many more attractive museums.

Rijksmuseum
Rembrandt van Rijn
The “Nachtwacht”

Scheepvaartmuseum

Van Gogh Museum
Vincent van Gogh
Selfportrait

Stedelijk Museum,
Piet Mondiaan
Composition with 2 lines

The Amsterdam Canals

