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CONTINUING EDUCATION
The Undersea and Hyperbaric Medical Society (UHMS) is accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical education for physicians.
The UHMS designates the ASM educational activity for a maximum of 26 AMA PRA Category 1 Credits™ ; Physicians should only claim credit commensurate with the extent of their
participation in the activity.
Nursing CEU will be provided by Diversified Clinical Services 4500 Salisbury Road, Suite 300, Jacksonville, FL 32216. Florida Board of Registered Nursing Provider # 56-531. ASM Credit
hours 26.
NBDHMT: The ASM program has been reviewed and is acceptable for up to 26 Category A credit hours by the National Board of Diving and Hyperbaric Medical Technology.
Disclosure: All faculty members and planners participating in continuing medical education activities sponsored by UHMS are expected to disclose to the participants any financial
relationships with commercial interests. Full disclosure of faculty and planner financial relationship will be made at the activity.
Continuing Education Credit: separate fee required for credits — EVALUATIONS must be turned in to receive credits.
Expected Results (Goals or Objective)
To provide a forum for professional scientific growth and development of the participants.
The meeting is designed to meet the following additional goals:
To provide an opportunity for participants to:
meet and interact with other scientists and medical practitioners. Specifically, participants should have the opportunity to renew old acquaintances and
establish new contacts with basic and applied scientists and medical practitioners in hyperbaric and diving medicine as well as in the fields ancillary to
hyperbaric medicine, i.e. nursing, allied health sciences, engineering, and health care administration;
attend oral or poster presentations in which ideas and data are presented pertaining to currently accepted uses of hyperbaric oxygen therapy and diving
medicine;
attend oral presentations of a special mini-course pertaining to the physiology and pathophysiology of decompression phenomena;
attend oral or poster presentations pertaining to the physiologic, pharmacologic, pathologic, and biochemical effects of respirable gases with special
emphasis on oxygen, nitrogen, carbon dioxide, and the inert gases, in the hyperbaric environment;
be introduced to new diagnostic, research, or therapeutic techniques and equipment pertaining to hyperbaric medicine;
participate in forums or discussions pertaining to technical factors and engineering pertaining to the development and use of equipment for hyperbaric
environments;
learn of the varied activities of the Society and the past and future directions of the Society; and
: become active in Societal affairs so that they could help influence the Society’s future.
As a result of having attended the meeting, the participants should have had the opportunity to:
meet and interact with other scientists and medical practitioners: specifically, participants should have had the opportunity to renew old acquaintances and
establish new contacts with basic and applied scientists and medical practitioners in hyperbaric and diving medicine as well as in the fields ancillary to
hyperbaric medicine, i.e. nursing, allied health sciences, engineering, and health care administration;
attend oral or poster presentations in which ideas and data are presented pertaining to currently accepted uses of hyperbaric oxygen and diving medicine
and, where applicable, incorporate these ideas into their practice;
gain a more in-depth knowledge and appreciation of scientific issues involved in critiquing decompression schedules and/or in developing safer decompression
schedules;
gain a more in-depth knowledge of current issues pertaining to the physiology and pathophysiology of compression and decompression phenomena and,
where applicable, be able to apply this information in their practice;
gain a more in-depth knowledge of the physiologic, pharmacologic, pathologic, and biochemical effects of oxygen, nitrogen, carbon dioxide, the noble
gases, especially in the hyperbaric environment, on different levels of biological organization and, where applicable, be able to incorporate this information
into their practice;
gain new knowledge about the future scientific and medical directions of hyperbaric medicine and, where applicable, be able to incorporate the appropriate
information into their practice;
present material pertaining to their experiences within the diverse field of high pressure biology and to receive critical reviews of their work;
be introduced to new diagnostic, research, or therapeutic techniques and equipment pertaining to hyperbaric medicine and be able to incorporate the
relevant knowledge and procedures into their practice;
: learn of the varied activities of the Society and the past and future directions of the Society;
AND become active in Societal affairs so that they could influence the Society’s future.
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» 7:30-8:00 President’'s Address
* 8:00-9:00 Surviving the Abyss (A Marroni)

* 9:00-12:00 Associates/BNA Program

* 9:00-12:00 Session A: Diving/Decompression lliness:
Theory & Mechanisms
— 9:00-10:30 Abstracts A1, A2, A3, A4, A5, AG
— 10:30-11:00 BREAK/EXHIBITS
— 11:00-11:30 Posters
— 11:30-12:00 Abstracts A7, A32




The President’'s Address

Bret Stolp, MD, PhD
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Surviving The Abyss

One hundred years of decompression sickness
prevention: observation of natural events,
mathematical models, biological research

Alessandro Marroni, MD
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i © 1896. Ernest Moir. Hudson River Tunnel

stematic use of recompression to treat




The Early Days

Petty Officer Andrew Catto should have
died. Or at least been writhing in agony.
It is 1907, and Catto has survived an
“impossible” dive.

The Royal Navy considers diving below 110
feet estremely dangerous. Catto went to 180.
No one before has spent more that 10
minutes that deep without getting bent.
Catto stayed 29.




Catto’s miraculous dive was based on Haldane's new
decompression model and dive tables: Haldane’s notions,
assumptions and guesses — vague notions, broad assumptions
and bold guesses — that today remain “virtually unchanged”
in recreational diving tables and dive computers.
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WRSYLE Critical ratios for half-time tissues
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What is a Decompression
Algorithm?

— A mathematical model or scheme for
predicting inert gas flux within the body
within certain parameters and in the
absence of real time measurement and
verification.

— Biological complexity is rendered to a
workable ‘formula’.

THS CHIE -




Decompression Algorithms

Exposure? Risk?
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Decompression

disorders-appear to be

primarily

related to

’
bubbles ...




Gas & Gas Expansion




Intravascular Bubbles
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DAN Europe Database
D-Diving vs No D-Diving and DCI

1314 DCI cases

y- <

D-Divel No D-Dive




DAN Europe Database
“Undeserved DCI”

“Undeserved”
57,6%

(no mistakes)

“Deserved”
42,4%

(mistakes)







LA LA LR

X )

a
>




RETURNING TO AN
OBSERVATION-BASED
DEVELOPMENT OF
DECOMPRESSION THEORY??










Bubbles

4/N>

Economy of Formation & Migration Reactions
Decompression of Bubbles to Bubbles



ECONOMY OF
DECOMPRESSION

 Combining pressure & gas gradients
during decompression so as to:
— reach the surface quickly and safely

— eliminate inert gas efficiently while:
- avoiding excessive VGE
« avoiding harmful tissue supersaturation



DAN Europe
Research
1995 —2005:
over 30.000

monitored dives,

with dive profiles

questionnaires
and Doppler

Recordings




All dives are recorded for time/depth profile by “DAN
Europe Black Boxes”™ — modified dive computers -
which are worn by the divers to assure objective dive
profile recording and the availability of data ready for

mathematical analysis of the computed tissue
saturation.
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Doppler Recordings are performed by specially trained volunteer
divers, with an Oxford Instruments 3,5 MHz probe and MP3 digital
recorder, according to the methods developed by our group and
qualified as “Research Technicians” .




The recordings are made over 1 minute and every
15 minutes up to 90 minutes after the dives, and

subsequently evaluated in undisturbed laboratory

conditions by a blinded evaluator.




The Doppler Bubble Signals were scored according to
the Spencer Method but with a simplified Doppler
Bubble Grading System, as follows:

e[ BG — Low Bubble Grade: occasional bubble
signals, Doppler Bubble Grades (DBG) up to 2 in
the Spencer Scale

eHBG — High Bubble Grade: Frequent to
continuous bubble signals, > DBG 2 in the
Spencer scale.




LBG HBG HBG+

Doppler Grade




“High Doppler
Bubble Grades”
appeared to be

related to

* “Fast Tissues”

* PItN, > 80% of
M Value




PMR Model (Proportional M-Value Reduction)

» Proportional Reduction of Leading Tissue M Value
" Introduction of extra deep stops during ascent

» Virtual elimination of Doppler-detectableVGE.




DSL Project 1-2001 - PMR
210 Man-dives - 388 Doppler Recordings

DBG Zero LBG HBG HBG+
Dives A 6.3% 58,2% 25.3% 10,2%
Dives B 60,8% 39,2% --- ---
Dives C 77,3% 19,4% 0,97% ---
Dives D 76,8% 23,2% --- ---

A B C, D

Zero

LBG

HBG
HBG+

-80,00%
-60,00%
-40,00%
-20,00%

0,00%




—e— Seriel
—=— Serie2

Serie3
—<— Serie4

—x— Serieb

—e— Serieb




—e— Serie1
—=— Serie?2

Serie3
—<— Serie4
—*— Serieb
—e— Serieb
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Our Data suggest that the Delta-P imposed on the pilot tissues,

more than speed of ascent per se, 1s the critical factor for the

formations of circulating gas bubbles.



Depth (fsw)

Deep Stops

Runtime (min.)

Richard L. Pyle. Ichthyology, Bishop Museum, Honolulu, Hawaii




Matrix of the experimental Dive Profiles

rofile Depth Time Speed 15 m Ascent Ti
25 25 10 2
25 20 10

25 25 3
25 20 3

25 25 18
25 20 18

25 25 10
’ 20 10

25 3
20 3

10
10




The volunteer
divers dived all
the profiles of the
matrix and were
precordially
Doppler monitored
every 15 minutes
and up to 90

minutes after

surfacing.
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No stop Safety Stop

3

18

10 HBG

LBG

BSI

The highest Doppler scores were observed after the dives with a linear
no-stop ascent or with the shallow “safety stop” only.
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S =W

No stop Safety Stop Deep Stop

3

18

10

10

BSI

The highest Doppler scores were observed after the dives with a linear
no-stop ascent or with the shallow “safety stop” only.

With the introduction of a 15 meter deep stop the bubble production
becomes virtually absent, particularly with a 10 meters/minute speed of
ascent.




We also studied other ascent profiles, to identify optimal

ascent times representing the observed “biological” result.




5

) HBG

3 LBG ODive 1
O Dive 2

2

1

0

BSI

Higher Doppler grades (BSI = 5.48) after prolonged shallow stops ,
notwithstanding longer decompression (12.5 vs 10 min

With deep stops BSI drops to 2.43 (highly significant difference - R> = 0,98).




9
8
7
6 O Dive 1
S — @ Dive 2
SS 10°
4 HBG | O Dive 3
3 — IBG DS 2’ W Dive 4
o SS 3°
DS 2.5’
| . SS 57
0
BSI

Reducing the Deep Stop reduces the positive effect on VGE and if
the DS is reduced to 1 min only, VGE values increase significantly,
with High Bubble Grades present in about 30 % of the recordings.




DSL Project Marben II
79 Man-dives - 553 Doppler Recordings

DBG Zero LBG HBG HBG+
Profile 1 19,7% 70,7% 9,5%  ---
Profile 2 62,5% 35,7% 1,7%  ---
Profile 3 44.4% 47,6% 7,9% ---
Profile 4 14,3% 63,4% 22,4% ---

1 2 3 4

Zero
LBG
HBG

-80,00%
60,00%
~40,00%
20,00%

0,00%




The introduction of a
deep stop, may
significantly reduce
the amount of

circulating gas

bubbles after

recreational dives.
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Bubbles,
apart directly causing symptoms,
are also a trigger
of complex pathophysiological reactions
accompanying and worsening
the cascade of biological events started

by circulating gas emboli.




Bubbles
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Economy of Formation & Migration Reactions
Decompression of Bubbles to Bubbles



REACTION TO BUBBLES

* Understanding factors that determine or
iIncrease the biological reaction to bubbles
— Recognize and manage increased risk
— Manipulate the risk by physical & chemical
PEERE
* Understanding the direct and indirect
effects of bubbles on biological systems
— physical damage
— substances released due to / in response to
damage

— inflammatory and repair mechanisms



Bubbles & the body

Serotonin & vasoactive substances
Clark 1969

Coagulation Changes
Schimpf 1971

Platelets Studies
Philp 1974, Frattali 1974, Broussolle 1975, Philp 1979, Thorsen 1986, Bakke 1991

Fluorocarbons Studies
Lundgren 2005, Mahon 2006, Dainer 2007, Zhu 2007

Complement Studies
Many studies from the 80’ to date




Conditioning Body Reactions to Bubbles
New Trends

Dark Chocolate
Vit B6
Antioxidants
Pre-oxygenation

Chemical Decompression

NO Stimulators




NITRIC OXIDE
AND DCI
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serotonin release Ca++ and stimulate
release of nitric oxide (NO) the
endothelial-derived relaxing factor

(EDRF) causing vasodilation.




NO Actions on vessels and
endothelial morphology




NOS Inhibition and DCI in Rats

Scan Grade

Q—.\Nw-hU'I

Control NOS Blocked NOS Blocked
Sedentary Sedentary Exercise (20 h
pre-dive)

60

40-

Survival

(min) 20.

Control NOS Blocked NOS Blocked
Sedentary Sedentary Exercise (20 h
pre-dive)

Wisloff, et al J Physiol 546:577, 2003
Courtesy R Moon




Isosorbide 65 mg/kg Pre-Dive®

@ Control
B Isosorbide 65 mg/kg

*60 m/45 min air

Scan Grade

30 min before dive

Survival (min)
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Flow Mediated dilation

—




Echography In parallel with
plethysmography
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Brachial artery Flow-Mediated

b5
g
g

— -
3. 07ne ‘[
Baseline 5 Minutes Post-Occlusion

Blood Pressure Cuff

Occlusion — 1 Minute
Release
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Bubbles
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Economy of Formation & Migration Reactions
Decompression of Bubbles to Bubbles



FORMATION & MIGRATION OF
BUBBLES

* Understanding factors that increase
bubble formation so as to:
— Recognize and manage increased risk
— Manipulate the risk by physical & chemical

means

* Understanding factors leading to the
transfer of inert gas bubbles from
harmless to harmful locations

— Shunting (Heart & Lungs)

— Pulmonary filter effectiveness
* bubble loads
* bubble size (inert gases; repetitive diving)
- vasodilatation (medication; effects of bubbles)




Fossa Ovalis — Patent Foramen
Ovale

gle=
Section through leit atrium and ventricl
with mitral valve cut away

Opsierveel gt atrium: right Laleral view

Right atrial view Left atrial view

Netter F. Human Anatom




C-TEE Images with Valsalva

Insufficient Valsalva strain Good Valsalva strain

Low opacification next to  Good opacification,
septum, low contrast massive contrast passage
passage (same patient)

Caveat: keep TEE probe immobile during Valsalva




PFO Detection







DETERMINING THE EFFECT
OF EXERCISE ON DCI



Effect of Exercise on DCS Risk

? Micronuclei
generation

? Micronuclei depletion
? Micronuclei generation

1 Inert gas washout

Inert gas uptake
[ = s Courtesy R Moon




Exercise Conditioning to
Prevent DCS in Swine

Pigs 18-22 kg
Sedentary

-'w‘
G P Exercised: daily treadmill

Chamber dive: 60.6 m/24 min; ascent 18 m/min

100- (0 Sedentary 100-
H Exercised
80 80-
Neuro ©60- . Resdua g4
DCI (%) at24 h

40- (%) 40 *

201 20-

0 0

*P <.02

Courtesy R Moon Broome JR. Undersea Hyperb Med 22:73, 1995




NOS Inhibition and DCI in Rats

Scan Grade

O—.\Nw-hU'I

Control NOS Blocked NOS Blocked
Sedentary Sedentary Exercise (20 h
pre-dive)

60

40-
Survival

(min)

20

Control NOS Blocked NOS Blocked
Sedentary Sedentary Exercise (20 h
pre-dive)

Wisloff, et al J Physiol 546:577, 2003
Courtesy R Moon




xercise Before Diving* in Rats

@ Sedentary

W Exercise

*60 m/45 min air

Scan Grade

*

48 h 20 h 10 h 5h 30 min

Time of Exercise Before Dive

g1 O =~
o O O
L )

S
o
1

@ Sedentary

B Exercise

Survival (min
N W
o O
[ [

-
o
1

o
1

48 h 20 h 10 h 5h 30 min

Time of Exercise Before Dive




Exercise and VGE:
24 h Before Dive to 18 m/80 min

14
.-
X
©
=
b
c
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| .
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o

20 30 40 50 60

Time (minutes)

Duji¢, et al J Physiol 555:637, 2004




Exercise Before Diving and VGE
after 18 m/80 min Chamber Dive

No pre-dive exercise Exhausting exercise
24 h pre-dive

Courtesy R Moon

Bubbles/Sq cm

2.0 -
__ __ __ @ Sedentary

1.5 - B Exercise

1.0 -

b

1 2 3 4
Subject Number

Dujic, et al J Physiol 555:637, 2004




What 1s this?
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Pre Dive
Vibration

Total Bubbles grades comparison
2.5
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Vibration and Divers
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Why is this
Happening ?

Flow Mediated Dilation
After twice 10 minutes

of mini trapoline jumping 30 min WBV
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HSP

 Cali Corleo et Al.
1998

e Cali Corleo,
Marroni et Al.
1998




HSP
« Prewarming? »

* 10 People
(Students)

* 30 min
Prewarming FIR
Cabin

e Serum HSP70
» 24 h Sampling




Flow Mediated Dilation after
FIR Cabin treatement (30 min.)
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Post IR FMD measurements are
performed around 1h after sauna




30 min. exposure at 65°C
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Diving and Fluids



Dehydration

* A lot of clinical reports show dehydrated
divers that are treated for

decompressionpathologies.

 The well known « P phenomenon » can of
course explain this situation.

 The scientific literature is clear about the
dehydration of divers that enter the

hyperbaric chamber, what about the
others?




FluidCompartments

e Intracellular
 Extracellular
 Vascular




Fluid Balance during diving

Step One

Icreased

Venous return Vasculan Urinary

Step Two

Tissues Vascular
Compensated (Extracellular)

Hemoconcentration






Physiological variations after a dive
(n=90)
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Variation of Hematocrit in
12 Divers after 2 dives
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Surface Tensior
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Surface tension of body fluids Urinary Surface tension as

%&

a function of specific gravity

dyne/cm?

=-135 x+ 204
R?=65 p<0,001

Surface Tension (dyne/cm?)

=S

| |
1.00 1.01 1.02
urine  Blood saliva Specific Gravity




Number of bubbles comparison
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Increased Surface Tension helps
Reducing Post Dive bubbles

ation normohydration







KISS Bubbles score
(Medians)
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Pre-dive “Wellness”

as the future approach
to safe diving and
Diving Tourism Operations?







DAN/ Europe’s
Wet Lab
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Lake Maggiore Field Research.
September 2006 108 Divers — May 2008 97 Divers
30 to 130 meters Air, Nitrox and Trimix
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Post-dive Dopplering




Total Body Impedence
&
Infra-red Pre-Heating




Post-Dive Flow Mediated Dilation measurement




Urine Specific Gravity
measurement




Haematocrit measurement




“Field Tools”




Field Tools Development
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ARK - Advanced Research Kit
DANEUrepe stnew. Field Cab

§=— Artery Stiffness
[ Measuring Device
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PDE & DSL

> 200,000 dives 1998-2008
> 25,000 divers
50 DCI cases

W 350
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Bubble Busters at work!




Lateral Thinking Required....
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Abstract A1

The Ruffini type-2 corpuscle
an explanation for pain-only decompression
sickness

Michael B. Strauss, M.D




The Ruffini Type-2 Corpuscle

an explanation for

Michael B. Strauss, M.D.
Stuart S. Miller, M.D.
Alan J. Lewis, M.D.
Jeff E. Bozanic, M.D.

Ilgor, Aksenov, M.D., Ph.D.

Long Beach Memorial Medical Center
and

University of Florida, Gainesville




Introduction

* The cause of ain in Type-1(pain only) DCS
remains elusive

* Unequivocal absence of physical signs...

* Immediate, dramatic pain relief with
recompression

* Joint pain is the predominant manifestation of DCS
In saturation divers and aviators




Invalid Hypotheses

(To explain the pathophysiology of pain only DCS)

0“\,bkas in articular ca""ag

\‘“tatlon of local nerve endy
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Invalid Hypotheses-2

* All focus on an autochthonous (in situ,
spontaneous) Mechanism [fOI’ bubble
formation]

*...There is no agreement on the actual
site (Francis & Mitchell)




Evolution of the Ruffini Hypothesis

Hills-1970

* Pain in DCS is a mechanical problem
* Autochthonous bubble formation
* Immediate relieve with recompression

Where is the gas bubble?

W




Strauss-1980 (The dislocated joint model)

* Potential (orthopaedic) sources of pain

-Nerve stretch (e.g. sciatica) f
-Periostial elevation L do
-Muscle ischemia

-Tendon and ligament stretch

S . i
N« Pain in sensory organelles embedded in avascular structures

———— What s the avascular structure? —




Halata-1984 (The Ruffini type-2 corpuscle)

* A slow reacting pain sensor

* Embedded in joint capsules with afferent C-fiber
innervation

* Stretching of the organelle generates the severe type of
pain associated with dislocations, sprains, etc.

/
e

—— The "Missing Link™——

R e




Ruffini Type-2 Corpuscle

_...-= Intracapsular Fluid-filled Space

% 2

= |,...=-Nerve Terminals

“ra,, ny Perineurium
(Unmyelinated Nerve Fibers)




Strauss-1990

* Autochthonous bubbles in relatively avascular structures (slow
tissues) such as the joint capsule diffuse into the Ruffini Type-2
corpuscle (RT2C)

* Distention of the perineurium of The RT2C from within—in
contrast to external stretch (from a dislocated joint)

* Dramatic pain relief—Ilike the reduced joint after a
dislocation—with mechanical reduction (pressurization ala Boyle’s
law) of the intra-organelle bubble

/

—— The answer! —




A “Perfect Fit”

On the Surface During the Dive

Equilibrium On-gassing




A “Perfect Fit” 2

Return to the Surface Overwhelming Gradient
Q) bl AL
N, ¢ (\ N, N, ' i
{ .
{
N N
N, S | z7 N2
W
N Xl l',
2 | 2
N VB
N\

Supersaturation with Autochthonous bubbles form
Off-gassing in Ruffini Type-2 Corpuscle




A “Perfect Fit” 3

Pain Symptoms

N,

Stretch response from bubb]

distending perineurium

ICS

Recompression

Bubble reduction (Boyle’s law)
with resolution of pain




* Ruffini Type-2 Corpuscle Explains
-The cause & character of pain...

-Uniformly good responses to recompression...

* Bubble evolution in the RT2C fits the SPR (Super-
saturation Perfusion Rate) Model explanation for
autochthonous bubble formation




* With improved imaging techniques
-“Silent” bubbles in the RT2C will become detectable

(Analogous to intravascular bubble detection with Doppler)

**“Silent” bubbles 1n adventitial tissues around
nerves (and serosal membranes around
abdominal organs)

-May explain other Type-1 DCS symptoms
(Paresthesias, hypesthesias & fatigue)
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Abstract A2

Ability to visualize circulating decompression-
induced gas emboli by portable transthoracic
echocardiography increases with increasing
precordial doppler grade

Neal W. Pollock, Ph.D.




ABILITY TO VISUALIZE CIRCULATING
DECOMPRESSION-INDUCED GAS EMBOLI
BY PORTABLE TRANSTHORACIC
ECHOCARDIOGRAPHY INCREASES WITH
INCREASING PRECORDIAL DOPPLER
GRADE

Neal W. Pollock, Ph.D.
Divers Alert Network and
Center for Hyperbaric Medicine and Environmental Physiology

Duke University Medical Center
Durham, NC

‘
! Undersea and Hyperbaric Medical Society

Salt Lake City, UT - June, 2008




METHODS

Subjects 1n our decompression studies are routinely
evaluated with precordial Doppler and TTE

Doppler signals scored on 0-IV grade Spencer scale

TTE scans focus on left heart but presence/absence of
right heart bubbles 1s noted 1f field is interpretable

This study compared monitoring periods for which
precordial Doppler and right heart TTE data were
available

Chi squared analyses were used to test differences
in TTE-1dentified bubbles across Doppler grade
levels

significance accepted at p<0.05

N.W. Pollock, Ph.D.




INTRODUCTION

Decompression 1s associated with gas emboli
(bubble) formation

Doppler ultrasound is useful for monitoring bubbles

Left ventricular gas emboli potentially create an
elevated risk of neurological DCS

portable two-dimensional transthoracic echo imaging
(TTE) systems facilitate left heart monitoring under
laboratory or field conditions

An unresolved question 1s whether portable TTE 1s
as sensitive as Doppler to low bubble grades

N.W. Pollock, Ph.D.




e L
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TechnoScientific SonoSite SonoHeart Elite
Doppler Bubble Detector Transthoracic Echo (TTE)

T -
. ' lf “.




30,000 FT ALTITUDE EXPOSURE
Subcostal TTE View

2003Mar04 15:30

N.W. Pollock, Ph.D.




RESULTS

Note: Our TTE monitoring has identified two cases of
LVGE

both were immediately compressed; no symptoms

For the current study, a total of 2,734 records were
reviewed for non-zero scores

575 Doppler (21%)

383 TTE (14%)
The ability to 1dentify bubbles with TTE progressively
increased with increasing non-zero Doppler grades

N.W. Pollock, Ph.D.




Chi squared A
paired contrasts 27
100 - (p<0.05) r
90 - 81 7
80 | 3
VGE 7 p
Seen 60 -
with 50 |
TTE 40 -
(%) 30 23 3
20
10 2.3
o = |
0

Maxmmum Doppler VGE Grade (Spencer)

Percentage of cases in which bubbles were observed in the right heart
with portable TTE increased as a function of precordial Doppler grade




FUTURE INITIATIVES

Compare the agreement between Doppler and each of
our three standard views

apical, parasternal and subcostal

Grade right heart bubbles observed with TTE to
compare with standard precordial Doppler scores

Evaluate new TTE 1maging devices

N.W. Pollock, Ph.D.



CONCLUSIONS

Portable TTE devices facilitate left heart monitoring
during decompression studies not feasible with

precordial |

Portable T
right heart |
grades are |

Doppler

'E devices appear to be more able to detect
bubbles when precordial Doppler-detected
higher

The relative insensitivity of portable TTE to lower
bubble grades indicates that scoring provided by the
different technologies may not be fully comparable

N.W. Pollock, Ph.D.
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Pulmonary oxygen toxicity: PO2, not FIO2

B.E. Shykoff




Havy E:-:perientnl Diving Unit

Pulmonary Oxygen Toxicity:
PO,, not F,O,

B.E. Shykoff
Navy Experimental Diving Unit,

Panama City, FL



Havy E:{perientnl Diving Unit

Background

* The presence of inert gas in a breathing
mixture should help to prevent alveolar
collapse.

 Atelectasis Is seen in head-out immersion
with oxygen breathing.

* As little as 20% N, is protective in
anesthetized patients, and as little as 5%
In aviators.




Hypothesis

Havy E:{perientnl Diving Unit

* If absorption atelectasis contributes to the

generation of pulmonary oxygen toxicity,
at the same oxygen partial pressure (PO,)
dives would produce fewer toxic effects
with lower inspired oxygen fraction (F,0O,)
than with 100% oxygen.




Hevy Exzparimental Biving Unit

Pulmonary Oxygen Toxicity Definition

Pulmonary function decreased from baseline by3

Forced vital capacity (FVC) 7. 7%
Forced expired volume in 1 s (FEV,) 8.4%
Mid forced expired flow (FEF,-_+:) 16.8%
Maximum forced expired flow (FEF ) 17%

Diffusing capacity of the lung for carbon monoxide

(D,CO)

Symptoms reported
Cough
Inspiratory burning

14.2%

Chest tightness
Shortness of breath




Havy E:{perientnl Div

Methods

ing Unit

» Baseline: Pulmonary function tests (PFTs)
within the week before diving, flow-volume
loops again prior to diving

» Postdive: PFTs within 2 hours of surfacing,
then daily for 3 days

Collins CPL, Ferraris Respiratory

Eight-hour resting dives, PO, = 1.3 atm,
50%, 84%, and 100% oxygen




' NAVAL EEABYSTEMS COMMAND
Hevy Exzparimental Biving Unit

50% oxygen (Deep Dives)
« Navy Diving and Salvage Training Center (NDSTC) buoyant ascent
tower
— 17 divers — 50 feet deep

— MK 16 Mod 1 rebreather underwater breathing apparatus (UBA),
500/0 N2, 50% 02

84% oxygen (Intermediate depth)

« Navy Experimental Diving Unit (NEDU) Ocean Simulation Facility
wet pot

— 31 divers, depth of 20 feet.
— Open circuit 16% N,, 84% O,, [MK20, Aga maskK]

100% oxygen (Shallow dives)

« NEDU 15-foot deep test pool

— 23 divers, 12 feet
— Open circuit 100% oxygen [MK20, Aga mask]




' NAVAL EEABYSTEMS COMMAND
Hevy Exzparimental Biving Unit

Percentage of population

80%

60%

AN
o
X

20%

0%

Symptoms

Binomial 95% confidence intervals

During Surfacing Later

¢ 50% m84%

100% oxygen




' NAVAL EEABYSTEMS COMMAND
Hevy Exzparimental Biving Unit

80%

60%

40%

20%

Percentage of population

0%

Decreased pulmonary function

Binomial 95% confidence intervals

4 4
- N
N

Surfacing Day+1 Day+2 Day+3

¢ 50% m84%  100% oxygen




Discussion

 Eight hours with PO, = 1.3 atm cannot be
recommended, even for resting divers.

* Pulmonary oxygen toxicity appears to be a
function of PO,— that is, of chemical activity of

oxygen, not F,O,.

» Atelectasis well-known with oxygen immersion
Why might our results differ from others?
— Use of the MK 16 UBA may have obscured some
protective effects of nitrogen.

— Alveoli that close on the bottom because of oxygen
absorption may be reopened by gas expansion on
ascent.

Havy E:{perientnl Diving Unit




Conclusions

Havy E:{perientnl Diving Unit

* Pulmonary oxygen toxicity results obtained
with 100% oxygen are applicable to diving
situations with the same PO,, regardless
of the gas fraction.

— Switching from 100% O, to Nitrox breathing while
going deeper is not similar to taking a surface interval.

* Absorption atelectesis is at most a minor
source of pulmonary oxygen toxicity in
divers.
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Abstract A4

The effect of exercise at 24 and 2 hours prior to
diving on the evolution of venous gas emboli

M Gennserl, SL Blogg2, KM Jurd3, JC
Thacker3,GA Loveman3, M Stansfield3
and FM Seddon3




The efect of exercise at 24 and 2 hours prior to diving
on the evolution of venous gas emboli

M Gennser!, SL Blogg?, KM Jurd?3, JC Thacker3,
GA Loveman3, M Stansfield® and FM Seddon?

1. Department of Defence Medicine, Swedish Defence Research Agency (FOI),
Stockholm, Sweden

2. SLB Consulting, The Barn, Manor House Wynd, Winton, Cumbria, UK

3. QinetiQ, Fort Road, Gosport, Hampshire, UK.

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




Background:

* Physical exercise prior to diving considered a risk factor
(eg Harvey et al 1944, Evans & Walder 1969, Vann 1982)

e Exercise 20 h prior to diving reduces bubble formation & DCS
in rats (Wislgff & Brubakk 1999)

* In rats exercise 2 h prior to diving has no effect per se and
reduces the positive effects of exercise 20 h prior to diving
(Loset et al 2006)

* In man exercise both 24 h (Dujic et al 2004) and 2 h (Blatteau
et al 2005) prior to diving has been shown to reduce
decompression stress



Aim:

Investigate whether exercise 24h our 2h prior to hyperbaric
exposure is most effective in reducing bubble release in man

Methods:

e Ten men were compressed in hyperbaric chamber to 18 m (0.28 MPa) for
100 min and decompressed using Royal Navy Table 11 (modified).

e Each subject performed 3 dives; the first was a control dive, the latter twc
were preceded by 40 min sub-maximal exercise either 24 h or 2 h before
diving.

e Venous gas emboli (VGE) were evaluated using pre-cordial Doppler ultra-
sound rated on the Kisman-Masurel scale

eDoppler measurements were made immediately on surfacing, then at
5 min intervals for 30 min, and at 15 min intervals thereafter for at
least 2h



Median Doppler scores post-decompression

=== Control
==fr=2 hours

=== 24 hours

o
b
o
o
P
=
4

100 150

TIME (min)

* No difference between max-KM scores
« Significantly shorter period with bubbles in Control dive



Conclusions:

Contrary to recent studies, the number of VGE was not
significantly lower in either the 2h or 24h exercise groups
In comparison to the non-exercise control.

Methodological differences between this and previous
studies exist. One obvious difference is the fact that the
subjects in the present study were not professional
divers.
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Abstract A5

The effect of saturation decompression using
oxygen on swine RNA

Malkevich N, McCarron RM, Mahon RT




Richard T. Mahon
CDR,MC,USN

and
Nina Malkevich, PhD
Richard McCarron, PhD

Naval Medical Research Center
(NMRC)
Silver Spring, MD




The effect of oxygen during

saturation decompression on
swine RNA




Saturation Decompression from 132 fsw
Why study Iin swine

What we did

What we found

Microarray




NOAA

NOAA Air Decompression Table NOAA Air/Oxygen Decompression Table
for Air Saturation at 50 fsw for Air Saturation at 42 fsw
. S
Depth Rate of Time Rate of
(fsw) Decompression (min) Ascent
Depth (fsw per Time Breathing

50 to 30 6 min/ft 120 i - (min) =
30to 28 22 min/ft 44
2810 26 23 min/ft 46 4210 24 2 9 Air
26 to 24 24 min/ft 48 24 stop — 180 Air
24 1o 22 25 min/ft 50 24 to0 20 1 4 Air
22 10 20 26 min/It 52 20 stop — 180 Air
20t0 18 27 min/ft 24 20to 16 1 4 Air
18t0 16 28 min/ft o6 16 stop — 180 Air
16t013 29 min/ft 87 16t012 1 4 Air
13t0 10 30 min/ft 90 12 stop — 75 Oxygen
10to 8 31 min/ft 62 12t08 1 4 Air

8to6 32 min/lt 64 8 stop - 80 Oxygen

Gto4 33 min/ft 66 8to 4 1 4 Air

4102 34 min/ft 68 4 stop — 90 Oxygen

Time at 1 fsw 68 min 68 4 to surface 1 4 Air
Total time 975 min Totaltime 418 min
16:15 hr:min 13:38 hr:min
No oxygen Oxygen time 4.1 hr




NEDU

"DIVE#| DEPTH | EAD DECO TOTAL ‘ PRE- | TOTAL | # | #DCS
' ACTUAL | DEPTH | SCHEDULE TIME BREATHE Q, SUBJ | (class)
{fsw) (fsw) (hr:min} | {he:min} | {(krzmin}
1,26 34 40 Phase | 4:10 None 3:95 23 1 (I
i | Schedule 1 i
3 42 50 Phase | 0:83 None A28 8 & (I 11,
Schedule |-2 it i1, )
4,57 42 50 Phase | 7:52 None 7:17 20 | 3L,
Schedule |-2A | i |
8,10, 42 50 Phase Il 017 | None 8:00 SN
12,14 Schedule A1 )
9,11, 42 a0 Phase |l 102 v 400 g8.00 32 4
15,16 Schedule A2
17,18 42 50 Phase Il 8.47 3.00 7.00 16 | O
Schedule A3 |
19,20 47 0] Phase Il 7.32 l 200 6:00 16 2 {11 1l
Schedule A4 i
21,22 50 60 Phase fl| 12230+ 200 10:00 15 §
Schedule A
23 50 B0 Phase Il 11:20 1:.00 9.Q0 G 2 (1IN 1
Schedule AA . |
24 50 60 Phase i 11.20 2:00 8.00 8 0
Schedule AB

Latson 2000




50 fsw Equivalent Air Depth (42 fsw actual depth) (#cases DCS/#subjects)

Pre- Total Oxygen Time (hrs) ,,
Breathing 5.8 6.0 7.0 7.3 8.0
Time (hrs)

0 5/8 3120 4/31
1

2 2115 0/8

3 0/16

4 0/32

Latson 2000




EAD 0; Time Decompression Stop Depth (fsw) Total O,
(fsw) | atDepth 45 | 40 35 30 25 20 Time
(O, Pre-_ (min)
breathe)(min) N
20 0 0
25 70 Oxygen Breathing Times at Depth (min) 70
30 140 ! 140
35 | 120 40 [ 40 | 200
40 120 10 85 | 40 255
45 120 20 | 105 | 115 | 50 410 |
50 120 85 | 105 | 115 | 50 475
55 120 | 55 g5 | 105 | 115 | 50 540
60 120 30 | 85 | 95 | 105 | 115 | 50 600




NOAA AirfOxygen Decompression Table For AirfNormoxic
Saturation Between 0-100 fsw Standard (Formerly Table 12-7, 1975 Edition, Table 12-12, 1979 Edition)

Decomprassion using Air and Oxygen after Nitrogen-Oxygen Saturations from 0 to 100 fsw
First Etﬂp Suhnﬁquant E‘lﬂﬂﬂ — | 33 5h/7 5h 02
A B Cc
Saturation
Depth Time at Time at
Range Depth Stop Depth Stop
(faw) (fsw) Gas {(hr:min) (faw) Gas {(hr:min)
96-100 80 Air 1:30 75 Alr 2:15 |
91-95 il Air 1:30 70 Air 225 |
86-90 70 Alr 1:30 65 Alr 2:30
81-85 65 Air 1:38 60 Air 2:35 |
76-80 60 Air 1:40 55 Air 2:40 |
71-75 0o Air 1:40 50 Air 2:45 |
66-70 50 Alr 1:25 45 Alr 2:45
61-65 45 Air 1:45 40 Air 2:00 |
56-60 40 Alr 0:30 40 Oxygen 0:30 |
35 Oxygen 1:00
51-55 35 Oxygen 0:45 30 Air 0:30 I
30 Onygen 1:00 I
46-50 30 Oxygen 0:45 25 Air 2:00
25 Oxygen 1:00 '
| 41-45 25 Owygen 1:00 20 Air 0:30
20 Oxygen 1:00
36-40 20 Cygen 1:00 16 Alr 2:00
31-35 15 Oxygen 0:30 15 Oxygen 1:00
26-30 10 Oxygen 0:30 10 Air 0:30
10 Chxygen 1:00
| 5 Alr 0:30
5 Oxygen 0:30
22-25 5 Oxygen 0:30 30 Oxygen 0:30
0-21 No-Decompression Surface
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Depth
(FSW) 8

80
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145

150

165

65

80

Time

305

115

125 | 130

135

(min)

Total decompression time 29.5h; O2 8.5h




Lillo 2000

DCS PROBABILITY I»

DCS PROBABILITY ws)

=
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DEPTH (ATA)




Methods

Central catheter
— Overnight recovery

Compression to 132 fsw

22h for saturation

250cc Normal Saline IV every 12h
Decompression schedule
Observe for 24h
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Total decompression time 29.5h; O2 8.5h




Observations

» Cutis
* Pain
» Cardiopulmonary

* Neurologic
— Nystagmus
— Sensory
— Gait (Tarlov)




Modified TARLOV

* 0O-complete paralysis

* 1- Minimal Movement

« 2- Stands with assistance
« 3- Stands Alone

* 4- Weak Walk

* 5- Normal Gait




Tarlov Outcomes

02 Air Sham
Profile Control
N 10 9 9
Tarlov 5(8) 5(9) 5(9)
Surface 4(2) *
Tarlov 5(9) 5(9) 5(9)
24h 4(1)

*p=0.02




Decompression Conclusions

In this saturation decompression profile HBO
during decompression is of no benefit




Microarray

* Lung sample of convenience
« 24 h post surface

« UPTD

» Air decompression

1380

» (02 decompression

3880




Prepare cDMNA probe

Prepare Microarray







upregulated

downregulated

100% oxygen

GENE DESCRIPTION

No

ACCESSION pos.

Alr

CODE anim
als1
nidogen 2 CN156760 8
prostate stromal protein ps20 CF363052 8
prostate stromal protein ps20 CF361753 8
scr.msk.p1.Contig2, mRNA sequence CF364971 8
Chimerin 1 (GTPase-activating protein, rho, 2) BQ597587 a
reticulon 1 isoform A; neuroendocrine-specific protein CK457674 8
a disintegrin and metalloproteinase with thrombospondin motifs CO989594 8
alpha 1 type XVl collagen isoform 1 precursor; endostatin CN155194 8
calcitonin receptor-like receptor NM_214095 7
pentaxin-related gene, rapidly induced by IL-1 beta CN153343 7
melanoma cell adhesion molecule BQ605024 7
alpha 2 type IV collagen preproprotein; canstatin C0950243 7
Sus scrofa cDNA &', mRNA sequence. BGB09032 7
scr.msk.p1.Contig1, mRNA sequence BQ&O1005 7
chimerin 1 CD572334 7
scr.msk.p1.Contig1, mRNA sequence BF710490 7
similar to collagen alpha 1(IV) chain precursor BI183311 7
matrix metalloproteinase 1 (type | collagenase) CAT779388 7
heat shock protein 47 CN160329 7
enabled homolog AJB53947 7
immunoglobulin kappa light chain variable region O11 AF334741.1 -8
TN3 NM 214147 -8
Immunglobulin VDJ region U38212.1 -8
scinderin C0O989361 -8
alveolar macrophage-derived chemotactic factor-l NM_ 213867 -8
chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)  CF787657 -8
immunoglobulin mu heavy chain constant region 5428811 -8
platelet basic protein NM_ 213862 -1
cytochrome P450 3A26 CQ0990609 -7
Immunglobulin VDJ region U38217 1 -7
Clone G502 immunoglobulin kappa light chain VJ region CF180359 T
porcine inhibitor of carbonic anhydrase NM_ 213847 -7
tetranectin (plasminogen binding protein); tetranectin {plasmino BI186214 -1
similar to RIKEN cDNA 2010001M09 BX916934 -7
371802 MARC Bl343446 -7
lg gamma 2b chain constant region MB81771.1 -7
uncoupling protein 2 NM_214288 -7
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Microarray Conclusions

Saturation and Decompression with
or without HBO has a broad effect
on Gene Transcription in the lungs
of swine







upregulated

downregulated

100% oxygen

No.

ACCESSION pos.

GENE DESCRIPTION CODE anim

als1
nidogen 2 CN156760 8
prostate stromal protein ps20 CF363052 8
prostate stromal protein ps20 CF361753 8
scr.msk_p1.Contig2, mRMNA sequence CF364971 a8
Chimerin 1 (GTPase-activating protein, rho, 2) BQS597587 a
reticulon 1 isoform A; neurcendocrine-specific protein CK457674 8
a disintegrin and metalloproteinase with thrombospondin motifs CO989594 a8
alpha 1 type XVIII collagen isoform 1 precursor; endostatin CMN155194 a8
calcitonin receptor-like receptor NM_214095 7
pentaxin-related gene, rapidly induced by IL-1 beta CMN153343 7
melanoma cell adhesion molecule BQs05024 7
alpha 2 type IV collagen preproprotein; canstatin CcCO950243 7
Sus scrofa cDNA 5, mRMNA sequence. BGB09032 7
scr.msk_p1.Contig1, mRMNA sequence BQB01005 7
chimerin 1 CD572334 7
scr.msk.p1.Contig1, mRNA sequence BF710490 7
similar to collagen alpha 1(IV) chain precursor BI183311 7
matrix metalloproteinase 1 (type | collagenase) CATT9388 7
heat shock protein 47 CMN160329 7
enabled homolog AJB53947 7
immunoglobulin kappa light chain variable region O11 AF334741 1 -8
TN3 NM_214147 -8
Immunglobulin VYDJ region u3az212.1 -8
scinderin CO989361 -8
alveolar macrophage-derived chemotactic factor-1 NM_213867 -8
chemokine (G-X-C motif) ligand 132 {B-cell chemoatiractant) CF7aroes7 -8
immunoglobulin mu heavy chain constant region 5428811 -8
platelet basic protein NM_213862 -7
cytochrome P450 3A26 CO990609 -7
Immunglobulin YD.J region 38217 .1 -7
Clone G502 immunoglobulin kappa light chain VJ region CF180359 -7
porcine inhibitor of carbonic anhydrase NM_213847 B
tetranectin (plasminogen binding protein); tetranectin (plasmino B1186214 -7
similar to RIKEN cDMNA 2010001M09 BX316934 -7
371602 MARC Bl243446 -7
Ilg gamma 2b chain constant region MB1771.1 -7
uncoupling protein 2 NIV_21428%9 -7




Microarray methodology:

The main use of the microarray technology (DNA chips)- is to determine which genes are activated
and which genes are suppressed when cells are compared from control and test swine lungs.
Every gene is measured simultaneously.

Prepare cDMNA probe

Reverse Transcription

Labeal with
flusrescant dyes

M
Pl i Py
P

F .

Combina
aqual
amounts

Hybridize
proba to 'l

MICTOATay  —— S0 S—

Prepare Microarray

Cy5
= % i log,,
Cy3 Cy5 Cy3
200| 10000| 50.00
Imagal 4800
Analysis
9000
R/G ratio
represents
relative
abundance
of transcripts
Cluster
Analysis

Hedscape &

«— Expenments—e

hitp: /e medscape com

For that purpose: mRNA is extracted from samples.

|

Labelled colored (c)DNA is made through reverse transcription of
a portion of the lung samples RNA and labeled with Cy
(Cy3 green is for test cDNA and Cy5 red is for control cDNA).

’

Labeled cDNA (from control and test cells) is placed on the microarray
chip to hybridize overnight, 37C. Every spot on the chip represents

a different coding sequency from different genes

(DNA that can base pair with cDNA).

’

Unbound DNA is washed away to avoid non specific binding.

’

Plate is placed in the scanner where 2 lasers pass over the slide and
read the intensity emitted by Cy5 Red (control) and Cy3 green (test)

flour chromes. The 16-bit-scale image is generated after all wells are read.
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Abstract A6

Inflammatory gene expression in the leukocytes

of naive subjec

's and experienced divers

following acute hyperbaric stress

BA Cameron,

TC McLellan, D] Eaton

and SG Rhind




BMSC

Inflammatory Gene Expression in the Leukocytes of Naive Subjects
And Experienced Divers Following Acute Hyperbaric Stress

BA Cameron, TC McLellan, DJ Eaton and SG Rhind.
Defence Research and Development Canada, Toronto, Ontario, and
the Bamfield Marine Sciences Centre, Bamfield, British Columbia



First Two Dives in Series

Reactive oxidant generation and % HSP70
expression in PMNs and IL-1RA expression
in monocytes was determined flow cytometrically

MethOdS Venipuncture

Pre Dve

BlociDraw

Post 20 min Post 60 min
Blood Draw Blood Draw

45 MSW

using the fluorogenic substrate, dihydrorhodamine
(DHR) 123 and fluorescence-labelled monoclonal
antibodies.

20

Control Following Decompression

102 10
FL1-Rho-123

40 60 80 100 120 140 160
Time (min)

6 Experienced Divers

6 Naive Subjects




Venipuncture

Pre Dve

BIoo‘Draw

Post 60 min
Blood Draw

45 MSW

0 20 40 60 80 100 120 140 160
Time (min)

6 Experienced Divers and 6 Naive Subjects

Fold changes in mRNA expression

were calculated from two-colour array
microchip displays and normalized to
MRNA expression reference samples from
ten different quiescent human cells.

mRNA Two Colour
Micro-Array

Experimental Sample Reference Sample

PAXGENE mRNA
isolation/purification \
kits
Isolate RNA and

prepared fluorescently
labeled cDNA

Hybridize to Array
and Wash

Channel 1 Channel 2
itati Excitation
Excitation
(Red HeNe Laser) (Red GreNe Laser)

7

? Image Acquisition
re Using 2 laser
Channel 1 scanning system Channel 2
Emission Emission




- Resting Doppler Ultrasound

e Summed the integrated 20, 40, 80 &120 minute
Kisman-Masurel VGE scores (KISS) for the
precordium and subclavian veins = tKISS

=
'
=
I
=
¥
i
=
:rl
un
£.
£

Examined flow cytometry and parray data
from the 45 meter dives

Apoptosis

Controlled cell death prompted

by many factors including increased
cytokine release during inflammatory
response.

The PMNs of experienced divers showed
reduced or delayed apoptosis following
ascent from the 45 meter dive.




% HSP70 Expression in PMNs

{ hyperthermia ]

Hyperbaric

Stress

&

Refofded

Stress-denatured
profein

N

Inactive
HSP:HSF —

—
trirmerization

OoOF HSF

Kregel, KC. J Appl Physiol, 12177, 2002

Experienced Divers

Naive Subjects {

HSP 70B' mRNA Fold Change

O TR e

P20
Time (min)

Quiescent

2.07 p-array
1.81
Experienced Divers
1.6
1.44

1.2

-
Levels

0.8
Naive Subjects

0.64

0.4

P20
Time (min)

EOPTR Y




MdAFI PMN Rhodan ine 123 (Arb Units)

NADPH Oxidase

phagosome
membrane

gpg 1p.ﬁ'ox

Experienced Divers

Naive Subjects

MmO e TR e o

P20

Time (min)

P60

gp?1phox mRNA Fold Change

Expericaced Divers

Naive Subjects

[ R T - - M~

I’il] '
Time (min)

p2Zphox mRNA Fold Change

_ p-array

Quiescent
Levels

Experienced Divers

Naive Subjects

ol e - - I oy

T T
P20

Time (min)




PGE,
MO

CY¥TOKINES
CHEMOMIMES
MMF=s
ADAMTS

g rarray

R 5 Experienced Divers
Experienced Divers

Experienced Divers

T
J

Quiescent|
Levels

IL-1RA mRNA Fold Change
IL-1B mRNA Fold Change

0.87

\i Naive Subj Naive Sl.lhjﬂ‘ls
Nai aive Subjects
ave Subjects I

MdAFI Monocytes IL-1RA (Arb Units)

0.4 T

P P20 P20
Time (min)

Time (min) Time (min)
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CD11b mRNA Fold Change

1.24

Quiescent
Levels 7

0.84

Membrane

2-integrin
complex

p-array

Endothelial

Membrane

Experienced Divers

Naive Subjects

P20

Time (min)

SR o B--R=llt b

CD18 mRNA Fold Change

Quiescent

Levels T

Adhesion

Expericnced Divers

Naive Subjects

EORTRC NS

P20

Time (min)




Severe

Health Stress Stress

anti-inflammatory
cytoprotective

L8 M-array |§4 l-array
- 1.67 1.64 T Experienced Divers
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2 < .
-C 1.4' E ].4
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<
E SR é
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Summary

Close experimental relationship between protein and mRNA expression measured
by flow cytometry and micro-array analysis, respectively.

Several pro- and anti-inflammatory cytokines that were expressed and activated
in the experienced divers remained inactive in the naive subjects following the dive.

The absence of INOS transcription coupled with the higher levels of eNOS mRNA
suggests a controlled inflammatory response to VGE in the experienced divers not
observed in the naive divers.

This controlled inflammatory response may have influenced the delay in
apoptosis in the PMNs of the experienced divers.

Micro-array analysis acts as a molecular roadmap to biochemical pathways
involved in the inflammatory response due to venous gas emboli following
decompression.

Acknowledgements:

United States Navy, Office of Naval Research

Defense Research and Development, Canada

The Natural Sciences and Engineering Research Council of Canada.




#ﬁ‘ ']éw .-."c..:_ E;- 1t

: ‘:@,.- m

ff‘;%
!r?’ftl

Sessmn A

1030-1100: BREAKS/EXHIBITS
1100-1130: POSTERS

k%
Ilil I‘-

ﬁ‘* &

b

>

a







. 2 |
A O, o - T
¥ i i o -e-"___‘. _'-. i i . T _- =
i L F : P i i
E 2 L - ’,l.::-\‘ 5 i
g o )
r k
Y i . - - 14
T e . " i
" - i ;
1 m
|
I F '3
|
1 |
1 ! (] !
|
| e
A i

3 "
niuu .

Abstract A7

Enhanced nuclear factor (NF)-KB activation in
experienced divers in response to acute
hyperbaric stress

Rhind SG, Cameron BA, Eaton DJ,
McLellan TM
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mg.v Immunopathology of DCS

Causative Agent

» Decompression causes
bubble formation in the
circulation & tissues

Main cause of DCS clinical
symptoms

>

>

Bubbles lead to direct
endothelial disruption

Functional stripping of
endothelial cells

Vascular leakage

Occlusion of blood flow,
reduced shear stress

2008 UHMS Annual Scientific Meeting
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Immune Inflammatory Cascade
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Neutrophil activation, adhesion, infiltration

» Activation of complement (C3a, C5a) and
coagulation (tissue factor)

Changes in cell signaling cascades

» Inflammatory cytokine (IL-1, TNF-«) and

chemokine (I

L-8) production

» Release of cytotoxins: oxygen/nitrogen
radicals, proteases

» Changes in heat stress proteins and
cellular apoptosis

Defence R&D Canada

* R & D pour la défense Canada




R;)Y  Whatis NF-kB?

» NF-xB comprises a family of transcription factors

regulating a large number of genes related to immunity, Responsible for dimerisation +
nonspecific DNA- phosphate
contact

. . o o C-terminal
> Consists of several different combinations of subunits in the domain

inflammation, cell proliferation and survival.

cytoplasm, most common being a heterodimer of p50/p65
(Rel A) and the IxBa inhibitory subunit.

In resting cells, NF-kB is sequestered in the cytoplasm
complexed to IxB in a non-DNA-binding form — IxB serves

s a cytoplasmic tether to keep NF-kB out of the nucleus.

M=terminal
domain

N-terminal
domain

Specific DNA contact

2008 UHMS Annual Scientific Meeting Defence R&D Canada ¢ R & D pour la défense Canada




@7 NF-kB Signaling Pathway

Vs NF-kB-activating pathway induced by a variety of mediators: pro-inflammatory
cytokines (TNFa), Toll-like receptors (TLRs) and antigen receptors

CLASSICAL
PATHWAY CELLULAR
[ :| RECEPTOR
® ® All inducers signal
= = through different
IRAK, TRAF, MEKK, PKC, etc. receptor / adaptor
» Central regulator of the . u protepin . P
cellular stress response Al sianal |
_ -IKK-; _ signals converge
"K., ./D to the activation of
KK KK IkB Hnase (IKK)
!l complex (IKKy IKKa,
Freed NF-kB IKKB kinases? _ _
translocates to the = i IxB proteins rapidly
B P hosphorylated &
nucleus to "“‘ﬂ- P
reugul:te . @ % degraded by the
expression of p65 proteas?me
multiple target PROTEOSOMAL
genes g DEGRADATION
NUCL

. Gene Transcription:

7 cytokines, chemokines,
adhesion molecules,
inhibitors of apoptosis
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@;N FxB Induction & Target Gene Regulation

Oxidative Hypoxia Shear Infectious Danger Signals Inflammatory Hyperbaric Stress
Stress Stress Agents (DAMPs, PAMPs Mediators / Decompression?

Alarmins) (cytokines)

S

NF Bis both activated by and induces expression of inflammatory mediators

* 3 v \

Negative

feedback Immuinity Anti-apoptosis Proliferation
Chemokines, ' Cyclin DT,
cytokines, Ce-MYC
antimicrobial peptides,
aohesion molecules, Nat.Rev.Cancer 2:301-310, 2002
NS, COXE

NF-kB modulates development, activation, effector functions of both innate and adaptive
immunity via regulation of target genes:

— cytokines, adhesion molecules, immune tceptors, acute phase proteins, other immune modulators

Anti-Apoptotic genes and cell cycle regulators

— protecting cells from undergoing apoptosis in response to DNA damage or cytokine treatment

Negative Feedback Loop: IkB-o under direct control of NF-kB

— NF wBactivates IkB gene expression — newly synthesized kB inactivates NF 1Bin the cytoplasm




v
W‘} Purpose

» To our knowledge there has been no documentation about
the impact of acute hyperbaric and decompression stress
on the intracellular activation of NF-xkB and whether
repeated exposure to hyperbaric stress leads to an adaptive
response in the immune signaling pathways.

» With the use of a cross-sectional design, examine the

effects of repeated hyperbaric and decompression stress on
the NF-kB activation in PMN neutrophils and PBMN
monocytes.

2008 UHMS Annual Scientific Meeting Defence R&D Canada ¢ R & D pour la défense Canada




@7 Experimental Design
i

» Two levels (naive (n = 9) vs experienced (n=11))

*

» One grouping (between) factor, hyperbaric experience

Naive had never experienced hyperbaric stress whereas experienced had
experienced the stress at least once per month during the past 6 months.

Age Height Weight

¥) (cm) (kg)

Naive 36.9 177.5 80.0
(11.4) (7.8) (14.8)

Experienced 40.6 175.3 85.3
(4.9) (6.6) (11.9)

2008 UHMS Annual Scientific Meeting

Defence R&D Canada

R & D pour la défense Canada




Y
!}i} Experimental Design

» Two repeated factors, time (pre, 20, 60 min post exposure) and
decompression stress following hyperoxic hyperbaric exposure to three
levels:

» Level 1 (Low): 180 kPa (18 msw) for 30 min
» Level 2 (Moderate): 300 kPa (30 msw) for 30 min
» Level 3 (High): 450 kPa (45 msw) for 30 min

Pressurization rates were 18 kPa-min-! and decompression rates were in
accordance with established DCIEM dive tables and represented 1, 15 and

55 minutes for the low, moderate and high levels of hyperbaric stress.

» Order of exposures proceeded from low through with 7 days intervening
between each exposure.

2008 UHMS Annual Scientific Meeting Defence R&D Canada ¢ R & D pour la défense Canada




mv Flow Cytr@metr tric Ar aJJI_ij_S)‘ of
v/ Intranuclear NF-xB

g

Whole blood collected
pre-dive, 20- & 60-min
post-dive into 3 mL
sodium heparin
vacutainers.

Spontaneous LPS Stimulation
(fresh WB) (100ng/mL, 37°C, 30min)
(50 i) X

Lysed aliquots processed with CycleTest Plus DNA kit
Cells washed in citrate buffer

*125uL Soln A (trypsin+spermine tetrahydrochloride)
*100uL Soln B (trypsin inhibitor—RNase buffer+
spermine tetrahydrochloride buffer).

Preparation of
isolated nuclei

Flow Cytometric Analsysis

1000 4

Isolated nuc e

EOn

~ ] PRAM
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ated antibody -
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MFI
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» Resting spontaneous NF-kB 50 “ [ 18m. D
expression in PBMC was (] 18m. N
similar between Naive (N) T B 30m,D "
subjects and Divers (D). % [ 30m, N
: © ° B asmo *
» After acute hyperbaric stress, = [0 45m. N )
D exhibited a time-dependent ¢ 7
elevation (up to 60%) of £ 30- T 7
intranuclear NF-xB in PBMC @ 7 7
at all depths. o 7 .
> Significant translocation m 20 7 7
. occurred only after the 45 m ¥ 7 7
dive at 60-min post-dive in V. L Z f” 7
2 1o . ?
o f 7
@ 7 7
D e FEF

Ik
L=

Pre-Dive

Post-Dive (min)

*p <0.05 post dvevs pre dve values by ANOVA.
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+), RESULTS
L vJ Spontaneous

~
=
Z
-
%
==
e
5
=

» As with PBMC, pre-dive levels

of NF-kB in PMNs were similar 2007 7 18m, D
between N and D groups. - (] 18m, N
2 1754 [ 30m,D .
» Constitutive NF- kB expression % (] 30m, N % T
was higher in resting PMNs '-E'- 150 { @ 45m, D * 1
compared to PBMC. < 1 45m, N %
e ]
» Acute hyperbaric stress elicited a 3 1251 7
similar pattern of intranuclear @ 7
NF-«B translocation at all depths & 100 - - 7 Z
n D ul
. : D 75 7
. » Significant translocation If %
occurred only after the 45 m dive Z 7
at 60-min post-dive in N. Z 501 7 Z
0 oA ey
20 60

Post-Dive (min)

*p <0.05 post dve vs pre dve values by ANOVA.
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[]D
O~ "
» Compared to spontaneous e T
expression, LPS stimulation 3 120
induced significant increases in T
NF-«kB translocation by PBMC S 100
and PMNS in both groups. &0
:
» LPS-induced NF- B 5 o0
. translocation was greatest (up to 2 |
45%) in D compared to N S 7
responses. 20
NFxB+ PBMG (LPS+) NFiB+ PMN (LPS+)

*p <0.05 divers versus naive subjects.
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@; Conclusions
o

» This study demonstrates enhanced nuclear translocation of NF-kB in both
PBMC and PMNs from humans exposed to acute hyperbaric exposure,
that 1s greatest in experienced divers following repetitive episodes of
hyperbaric stress.

» These results suggest that modulation of NF-kB-dependent inflammatory
gene expression pathways may contribute to diving acclimatization and
susceptibility to decompression sickness in individuals undergoing
chronic hyperbaric stress.

» The complex regulatory mechanisms governing NF-xB
activation/deactivation by acute/chronic hyperbaric stress/decompression
are currently under investigation.
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Annual Diving Fatality Rates Among Insured
DAN Members

Denoble PJ, Vaithyanathan P, Vann RD




ANNUAL DIVING FATALITY RATES
AMONG INSURED DAN MEMBERS
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AGENDIStiuuon OISl
DAN Members

(n=1,141,347 member years)
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W Males  y=0.4286x+40.714, R° = 0.90
A Females y=0.5x+38.286, R = 0.94
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Compansen o

Subpopulation

Denominator

Time period

participants

per 100,000
dives

BSAC

estimated # dives

1999

17.4

1.1

BSAC

facts

2000/2006

14.4

Australia

estimates

1989

34

1.7t034

USA

estimates

1989

16.7

0.8to1.6

DEMA

estimates

1990

3.2t04.2

BC, Canada

tank count

1999/2000

2.04"

Orkney

facts

1999/2000

310 5.4*

Japan

tank count estimates

1t024

DAN

facts

2000/2006

0.8t01.6
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>=50 years
Cardiac 291
AGE 14

Drowning 17

Unknown
Other




ConciUsions

DAN insured members have overall scuba
related death rate similar to other subgroups
of recreational divers.

The death rate is higher in males and
Increases with age for both genders.

Excess death rate in older divers is
associated with health related causes.

Person with risk factors for heart diseases







