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HYPERBARIC MEDICINE LITERATURE UPDATE
"Greetings from the United States of America!"

The following lecture outline represents a sum-
mary of some of the literature on hyperbaric medi-
cine that has entered English language medical
journals over the past year. It was presented as a
plenary session during the June, 2006, annual
meeting of the Undersea and Hyperbaric Medical
Society, in Orlando, Florida, USA.

The presentation began with a summary of
several Cochrane Library reviews. This library
(www.cochrane.org) serves as a repository of
evidence supporting a wide range of diagnostic
and therapeutic interventions. The library grades
these interventions based upon the sum of their
reported clinical experience, using the medical
evidence hierarchy. Perhaps not surprisingly, the
hyperbaric uses that were reviewed lacked for the
most part, convincing evidence (defined as Level 1 -
that resulting from randomized controlled trails).
Of course, the same is true for the practice of

medicine in general, where Level 1 evidence is the

exception rather than the rule.

Next came a meta-analysis of hyperbaric oxygen
in the treatment of acute, sub-acute and chronic
stroke. It was the opinion of the authors of this
analysis that insufficient evidence exists at this
time to allow physicians to determine the value of
this treatment option. Most of the research was
considered of poor methodological quality, so the
question as to what role hyperbaric oxygen plays
in stroke remains open. As with the Cochrane
reports, it is important to appreciate that lack of
evidence does not mean lack of efficacy, of course.
A second met analysis addressed acute excep-
tional blood loss anemia. Appropriate management
centers on blood replacement. However, this best
practice standard is not always available to a
patient. There may be cross-matching difficulties,
delays in obtaining the correct blood type, or the
patient or family member may refuse blood on
religious grounds. The author of this paper does an
excellent job of summarizing all available evidence,

then provides a well considered approach to when
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hyperbaric oxygen should be considered.

Two papers investigate hyperbaric oxygen in
cancer. The first was a study of normal, primary
tumor and metastatic breast cancer cells from the
same patient. These cells were exposed to 24 ATA
(1,800 mmHg) oxygen, and compared to several
control environments. Hyperbaric oxygen supp-
ressed cell proliferation and cell colony formation,
and inhibited cell growth. Hyperbaric oxygen also
inhibited cell growth, when compared to three
common chemotherapy agents. While the results
were impressive, they should be viewed with
caution. This degree of oxygenation cannot be
safely achieved in humans. While a patient routine-
ly breaths 1,800 mmHg oxygen in a hyperbaric
chamber, this will only translate to 300-500 mmHg
at the tissue level. More work is necessary to see if
clinically tolerable hyperoxia can still influence
cancer cells in the manner noted in this paper.

The second paper reported a prospective clini-
cal trial, again involving breast cancer patients.
Prior to beginning chemotherapy patients were
randomized to undergo 10 daily hyperbaric oxy-
gen exposures, or placebo, prior to commencing
chemotherapy. The idea was to see if hyperbaric
oxygen could improve chemotherapeutic response
through hyperoxia induced tumor angiogenesis.
There was no difference in outcome between the
groups. There were some positives to take from
the work, however. First, failure to induce angio-
genesis is certainly good news for those who use
hyperbaric oxygen to treat cancer patients who
suffer late radiation tissue injury. Next, no compli-
cations were reported as a function of hyperbaric
oxygen closely followed by chemotherapy. Finally,
and based upon previous animal human experi-
ence (some recently from Japan), it may well be

that simultaneous hyperbaric oxygen and chemo-

Vol41(4), Dec, 2006

therapy represents the most favorable sequencing.

Two very impressive papers investigated the
mechanistic basis of hyperbaric oxygen in the
healing of chronic and hypoxic wounds. These two
reports went further than any before then, in that
they investigated 'deep' biomedical and sub-cellular
territories. It is becoming increasingly evidence
that hyperbaric oxygen stimulates wound repair
processes via signal transduction pathways, and in
large part mediated by nitric oxide.

A report from Germany shed some light on
mandibular infection and necrosis and the under-
lying presence of hypoxia. Carefully implanted
oxygen electrodes confirmed earlier transcutane-
ous (non-invasive) oxygen data, in that oxygen
levels are abnormally in osteomyelitic and irradiat-
ed bone and form the basis for healing compromise
and resultant necrosis. Using this measuring tool,
the authors have been able to. map out margins in
order to undertake optional bony resection.

Next was a paper critical of three common
osteoradionecrosis prevention measures. One was
hyperbaric oxygen. The author reviewed the
literature and determined that peri-operative hy-
perbaric oxygen offered no advantage regarding
the incidence of osteoradionecrosis resulting from
dental extractions. As you will see from the hand-
out, an entirely different conclusion can be reached
if the references cited by the author of this paper
are looked at more comprehensively. It is my
opinion that the weight of present evidence sup-
ports the role of hyperbaric oxygen, although more
high quality evidence is needed.

Hyperbaric 'pre-conditioning' is an area of grow-
ing interest in cardiac and brain surgery, as efforts
take place to try and reduce the incidence of post-
operative stroke and cognitive decline in animals,

both hyperbaric oxygen and a laboratory standard
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model of hypoxia produced almost identical degree
of improvement over controls. While some may
determine this to be a negative study I would
suggest otherwise. While hypoxic preconditioning
is a well appreciated laboratory model for improv-
ing outcomes in high risk procedures, how clinical-
ly practical is it? Do we really want to exposure a
patient scheduled for heart surgery to 8% oxygen
preoperatively? Clearly, hyperbaric oxygen is infi-
nitely more tolerable and produces the same out-
come advantage. A randomized clinical trial deter-
mined that a single hyperbaric oxygen exposure
prior to coronary artery by-pass grafting (com-
pared to a 'sham' hyperbaric treatment) generated
a statistically significant improvement in cognitive
function. It appeared that this result was second-
ary to a downregulation of the systemic inflamma-
tory response.

One final review actually involved two papers.
They represented a debate on the role of hyper-
baric oxygen in dental implant surgery. These
papers provided 'pro'(for)and 'con'(against)opinions

on the need for hyperbaric oxygen as a method of

improving osseointegration of dental implants.
This debate has raged for some time. It is my
opinion that the issue really evolves around several
distinctions, distinctions not always addressed in
publications arguing this issue. In order to fully
consider the value of hyperbaric oxygen therapy
one must be able to determine the total delivered
radiation dose, were the implants introduced into
the irradiated portal or not, how long out from
radiotherapy prior to dental implant surgery and
what was the composition of the implant (length,
coarse or smooth surface, and console abutment
types)? Only with this information can one
accurately assess the literature with regard to the
adjunctive role of hyperbaric oxygen.

Thank you for the opportunity to present this
material to my Japanese colleagues in hyperbaric
medicine. I welcome any questions or comments
you may have.

Respectfully,
Dick Clarke, Director

The Baromedical Research Foundation

www.baromedicalresearch.org

1 2 3
Hyperbaric Medicine Literature Update . . i ici i
P P This presenter attests that no commercial Hyperbaric Medicine Literature Update
. . bias exists or is intended, nor any business . .
The Year in Review interests influences this presentation The Year in Review
UHMS Annual Scientific Meeting UHMS Annual Scientific Meeting
Orlando, Florida Orlando, Florida
June 22, 2006 June 22, 2006
4 5 6
The Year of the Living ‘Somewhat Dangerously| The Cochrane Lib The Cochrane Libr
UHMS Approved Uses UHMS Approved Uses
Multiple hyperbaric entries into the Cochrane library Late Radiation Tissue Injury

Acute Thermal Burns

Some purchasers of health care relegating ‘approved’ uses

~ some promising results from one RCT; insufficient evidence
to support its routine use

~ more research is needed

~ some evidence that HBO improves outcome in bone and soft
tissue of the head and neck, for proctitis and as ORN prevention

~ no such evidence of an important clinical effect on CNS tissues

CMS/Medicare’s ‘Horizon Scan’ is on the near horizon

or pressure ulcers

Chronic Wound Healing *
~ some evidence that people with diabetic foot ulcers are less
likely to have an amputation.. further research needed

~ no evidence to confirm or refute an effect on arterial wounds

~ a strong case exists for large scale randomized controlled trials

Carbon Monoxide Poisoning
~ based upon trial results, HBO therapy cannot be routinely
recommended

* Published in British J Surgery 32

~ severely poisoned pts. may derive benefit; this remains unproven
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| Evidence-based Medicine

Two key concepts frequently overlooked...

lLack of high level evidence does not mean lack of efficacy |

If no Level 1 evidence exists for a given condition one
follows the trail to the next best level and work from there

Sackett DL, et al. 1996
BMJ; 312: 2

The Cochrane Library

Other Potential ‘Unapproved” Uses

Acute Ischemic Stroke
~ there is currently little evidence to support the use of HBO

~ with regard to long term outcomes, no relevant data exists

Traumatic Brain Injury
~ limited evidence that HBO reduces risk of dying

~ little evidence that survivors have a good outcome

~ routine use of HBO cannot be justified

~ further research needed

The Cochrane Library

Other Potential ‘Unapproved’ Uses

Dental Implant Surgery
~ lack of reliable evidence for and against the use of HBO

~ definite need for controlled trials

Sports Injury/Delayed Onset Muscle Soreness
~ HBO cannot be justified in DOMS

~ some evidence that HBO increases pain

~ routine use of HBO cannot be justified in ankle sprain or
acute knee ligament injury

10

1

12

The Cochrane Library

Other Potential ‘Unapproved’ Uses

Fracture Healing
~ insufficient evidence to support or refute use of HBO

Multiple Sclerosis
~ no consistent evidence of a beneficial effect

~ routine use of HBO cannot be justified

~ further research needed

Hyperbaric Medicine and Stroke:
A Systematic Review of the Evidence

US DHHS/Agency for Healthcare Research and Quality

Inclusion Criteria: Human, English language; original data; controlled
and uncontrolled studies; in and outpatient settings

Data Analyzed: ~ /57 potentially relevant citations *...4 RCT’s; one

controlled trial; 17 observational studies

~ of the 5 trials, quality was assessed as fair in 3 and
poor in2

Tinnitus/Hearing Loss
~ the value of HBO is unclear, further research is needed

* databases, libraries, textbooks

Carson S, et al. 2005
Clinical Rehab;

9-833

Hyperbaric Medicine and Stroke:
A Systematic Review of the Evidence

Acute Stroke: Treated within 24 hours after stroke

Benefits Harms

No effect on mortality or
logical

Treatment groups: 12% ear pain or
1 phobia; 6% withdrew due
to worsening neuro status; 6% MI

Sham Groups: 19% claustrophobia
24% withdrew, worsening status

Carson S, et al. 2005
Clinical Rehab; 33

13

14

15

Hyperbaric Medicine and Stroke:
A Systematic Review of the Evidence

Subacute Stroke: Treated within two weeks after stroke

Benefits

Harms
No effect on logical 28% withdrew before leti
outcomes the study, reasons and group (HBO
or sham) not reported

Hyperbaric Medicine and Stroke:
A Systematic Review of the Evidence

Chronic Stroke: Treated at least two months after stroke

Benefits Harms

No benefit on communication Adverse effects not reported
and cognitive outcomes (1fair trial)
Benefit on neurological
outcomes (1 poor trial)

Carson S, er al. 2005
Clinical Rehab;19:819-833

Hyperbaric Medicine and Stroke:
A Systematic Review of the Evidence

»“The overall evidence is insufficient to determine the effectiveness
of HBO in any subgroup’... ‘no good quality study has been done”

“The present literature is not cohesive enough to guide clinicians
or patients looking for answers’

| »~ Physicians and patients cannot feel confident about the risk file |

Carson, et al. 2005
Clinical Rehab;19;819-833
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A Systematic and Evidence-based Review of Hyperbaric
Oxygen in the Treatment of Severe Anemia

Comprehensive analysis, using evidence-based grading schemes
~ AHA, NCI and BMJ

“An established and effective option when blood products may not be used’
~ especially when the alternative is severe organ injury or death

‘Useful bridging therapy

Overly optimistic, perhaps, regarding the future availability of critical care HBO

Serves as an excellent source document; > 120 years of animal and human data

| Evolution of Evidence-based Medicine |

Initial Version

IThe initial model’s limitation was its great reliance on RCT’s

...which de hasized traditional determinants of clinical de
making, including physiologic rational and individual experience
Current Version

|Research evidence alone is not an adequate guide to action |

|Evolution of Evidence-based Medicine

~ integration of clinical state, patient preferences and actions and
research evidence with clinical expertise  Sackett DL, 2000

Clinical State: Remote areas vs. tertiary settings

Patient Preferences and Actions: Personal values, aversion to
risk, degree of i health i ang

Research Evidence: No longer limited to RCT’s; but includes other

...physicians must apply their expertise to assess a patient’s problem,
incorporate research evidence, and consider the pt’s preferences and

values
Hayes, t al. 2002
APC Journal Club; 136

ic observations from laboratory and pathophysiologic studies

Clinical Expertise: Basic practice skills as well as individual
practioner experience, while carefully balancing the above factors

19

20

21

A Systematic and Evidence-based Review of Hyperbaric
Oxygen in the Treatment of Severe Anemia

Comprehensive analysis, using evidence-based grading schemes
~ AHA, NCI and BMJ

*An established and effective option when blood products may not be used’
~ especially when the alternative is severe organ injury or death

“Useful bridging therapy”

Overly optimistic, perhaps, regarding the future availability of critical care HBO

Serves as an excellent source document; > 120 years of animal and human data

‘ HBO Inhibits Mammary Benign and Malignant Epithelial ‘
Cell P i

In - vitro work stimulated by:

~ breast cancer’s resistance to standard care; mortality

~ recurrence ion dj

chemo XRT

~ HBO'’s synergism with XRT

~ animal findings of chemo’s enhanced tumoricidal effects

when HBO added
Granowitz EV, ef al. 2005
Anticancer Research;25

HBO Inhibits Mammary Benign and Malignant Epithelial
Cell Proliferati

HBO’s effects were investigated on proliferation of:
~ normal mammary epithelia
~ primary tumor cells
~ metastatic cells, and

~ MCF7 human mammary adenocarcinoma cell line

Granowitz EV, ef al. 2005
Anticancer Research;25
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Combination HBO and Chemotherapy in Locally Combi HBO and Ch herapy in Locally
What to make of this? Advanced Breast Cancer Advanced Breast Cancer
~ randomized pilot trial with long-term follow up Primary Assessments
Well designed study, validated cell i i process

Encouraging results, a clear HBO, not HBA, effect

Hyp ic dosing not clinically

Animal model necessary

Mechanism?

32 pts. randomized to receive either:

Six IV pulses of cyclophosphamide, doxorubicin and vincristine
alone, or preceded by ten daily HBO (2.4 0r2.0 ATA)

11/15 tolerated the chemo-HBO arm
All 17 tolerated the chemo only arm

Heys SD, et al. 2006
UHM; 43

Tumor cell volume
~ mammography and ultrasound

Pathologic Response
~ surgical resection specimens

Tumor blood flow and permeability
~ contrast MRI

Neovascularization
~ biopsy hi:

logy and i ! (anti-CD34)

31

32

33

Combination HBO and Chemotherapy in Locally
Advanced Breast Cancer

Clinical Response

Clinical nse to Treatme her 1 Chemo and HB!
Disease Progression 1
Stasis of Disease 6 2
Partial Response 7 9
Complete Response 3

Tumor Blood Flow/Vascular Permeabili

K trans Ve (%)
First Second Difference (F-S)  First ~ Second Difference (F-S)

What can we take from this?
Were ten treatments sufficient? BID HBO? Was it the best approach?

Clear evidence that HBO did not stimulate tumor growth
~ small number of patients, relatively few treatments (vs. wound referrals)

‘Would HBO during the course of chemotherapy be of benefit?
~ this has recently been reported in malignant gliomas, involving carboplatin

No HBO-chemo related
lications reported

Control 006 070  0.11 1872 2148 276
HBO 058 052 006 2131 18.79 276+
*0.013
(Antibodies against CD34) Six year follow-up!
No.Comp. Tx. ~No.Comp. Assessments  Pre-Tx. At Resection
Control 17 12 300 295
HBO 11 8 219 259

35

Two papers further investigate the underlying mechanisms
of hyperbaric oxygen-induced wound repair

[Stem Cell Mobilization by Hyperbaric Oxygen|

[Hyperbaric Oxygen-Induced Angiogenesis |

[

HBO observed to induce angi is; ent d VEGF i J

VEGF critical to new vessel i I

Stem Cell Mobilization by Hyperbaric Oxygen I

Stem cells (SPC’s) mobilized by peripheral ischemia, vigorous
exercise, chemotherapeutic agents and hematopoietic growth factors
~as well as by harvesting and ex-vivo manipulatic

Thom SR, ef al. 2006
Am J Physiol Heart Circ;290C

Induction of VEGF expression through ERK,
JNK and c-Jun/AP1 activiation

Lee CC, et al. 2006
J Biomed Science;13(1)

~ its activity only initiates formation of immature vessels

~ for mature functioning vessels, VEGF must work in
concert with angiopoietins

HBO selectively ent d Ang2 gene eNOS pathway
~ inhibition of eNOS blocked this process

Lin S, et al. 2002
Biochem Biophys Res Comm; 296

Nitric oxide plays a key role in triggering SPC mobilization
~ can HBO also activate this process?

An analysis of hyperbaric patients, air breathing chamber attendants,
healthy HBO exposed volunteers and then on to mouse models!

‘Thom SR, et al. 2006
Am J Phy eart Circ;290C
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‘Thom SR, ef al. 2(
Am J Physiol Heart Circ;290C

Take home messages

These observations may have been missed if the work began with mice
HBO increased circulating stem cells by a factor of 50%
HBO-induced elevation in bone marrow NO not replicated by SNP
Stem cell mobilization did not occur in mice lacking genes for eNOS

Nor in wild mice treated with a NO synthase inhibitor

So NO was the mechanism where by HBO mobilized stem cells

Further investigation into the VEGF angiogenic regulator pathway,
considered to induce hyperbaric-wound healing

~using human umbilical vein endothelial cells

The authors d that HBO-induced VEGF
occurs through several complimentary pathways:

c-Jun/AP-1 activation and simultaneous activation of:

ERK, one of the first cell signaling pathways discovered

JNK, a pathway necessary for normal development

Lee CC, et al. 2006
J Biomed Science; 13(1)

40

41

42

Fournier’s Gangrene

IWhat if there are three variants of necrotizing infections? |

Retrospective review of 41 patients from a single institution (20 yrs)
~ all received aggressive medical and surgical care, 18 (43.9%)
also received HBO

Mortality: 9/41 (21.9%) ... 9/23 (39.1%) non-HBO and 0/18 HBO

AyanF, etal. 2005 ’
ANZ J Surgery;75:1055-1058

Retrospective review of 42 patients from a single institution (10 yrs)
~ same standard medical and surgical care, and 26 (61.9%) HBO

Mortality: 9/42 (21.4%) ... 2/16 (12.5%) non-HBO and 7/26 (26.9%) HBO

Mindrup SR, et al. 2005
J Urology;173:1975-1077

One very aggressive; universally fatal

One quite indolent; all survive with reasonable care

One intermediate - care determines outcome

~ but how can we distinguish one type from the other?

Messages

More conflicting case experience
Low evidence level; retrospective, small number of patients

Standardized medical and surgical practice patterns

Few patients per center, multi-center controlled trial necessary
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IMandjbula: Bone Oxygen Measurements ’

~ values in mmHg

Polarographic fine needle probe-based cancellous bone oxygen
tension mapping in patients and subjects

Feasibility/concept testing; normal and diseased bone

Maurer P, et al. 2005
Int J Oral Maxilofac Surg;35

Blood Flow in Non-irradiated Bone

mg/ml x 100g tissue

Temporal Frontal Zygoma Maxilla Mandible

(Granstrom O_er ol 1993
| XIXth Annual Meeting EUBE

Blood Flow in Irradiated Bone

mg/ml x 100g tissue

Temporal Frontal Zygoma Maxilla Mandible
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Blood Flow in Irradiated Bone after HBO and Bone Grafting

mg/ml x 100g tissue

Frontal Zygoma Maxilla Mandible Mand.graft

m G, et al. 1993
th Annual Meeting EUBS

Mandibular Bone Oxygen Measurements |
~ values in mmHg

Measurements Mean SD Min Max

Control (12) 863 714 9.7 470 97.1
Osteoradionecrosis (17) 1,721 323 125 14 594
Osteomyelitis (13) 1,125 284 153 09 59.5

Maurer P, et al. 2005
Int J Oral Maxillofac Surg;35

Findings consistent with the Marx (1987) observations of a
clear reduction in capillaries, and tcPO2 within XRT portal

Impressive distinction between healthy and pathologically
altered bone regions

A definition of the oxygen threshold value...transition from
healthy to diseased bone... proposed as 55mmHg.

Authors report (in press, same journal) a case of mandible
resection guided by tissue oxygen ‘mapping’

Maurer P, eral. 2005
Int J Oral M
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| Osteoradionecrosis Prevention Myths ‘

The Hyperbaric Myth

Myth 1
Extraction of healthy or restorable teeth before irradiation is a
reasonable method of preventing ORN

Myth 2
Prophylactic hyperbaric oxygen for post-radiation extractions
is a safe, simple, and effective prevention of ORN

Myth 3

Prophylactic antibiotic therapy is a safe, simple, and effective

preventive for ORN
‘Wahl MJ, 2005
Int J Radiation Oncol Biol Phys;64(3) C

Argues the importance of the Annane paper

Argues that HBO is costly and not simple

Points out serious risks involved, with decompression mortality
Minimal clinical science quality

Pooled data since 1986 shows a 3.5% incidence without HBO and
4.0% when it is employed

Lack of sufficient geographical availability

‘Wahl MJ, 2005
Int J Radiation Oncol Biol Phys;64(3) C

Sulaiman F, et al. 2003

In all pts. only 4% developed ORN...but, of the pts. who underwent pre-extraction
HBO (mean 6,300 cGy) none developed ORN. Two-five year follow-up

Chavez JA Adkinson CD, 2001

[A 1.5% incidence in those receiving peri-operative HBO, no controls |
David LA, ef al. 2001

True, a 4.2% incidence...this was one patient with a dry socket, went on to
complete healing, not ORN by any reasonable definition

Lambert PM, et al. 1997

75pts. received HBO, no (0%) ORN in 47 (62.7%) pts. available for follow-up, this
paper referenced a 4.54% incidence (not using HBO)
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Vudiniabola S, et al. 1999

HBO group: 4%, true, but author neglected to report the non-HBO
Group with 15% incidence

Serious side effects?...none reported in the above publications

5 deaths ...rapid decomp of patients b
air not oxygen in a hyperbaric chamber

| Statement that most established ORN cases heal with time or stabilize

Take home message

Careful analysis of referenced material
‘Where was the radiation portal vs. extracted teeth?
What was the radiation dose?

‘Was the HBO protocol followed appropriately?

not supported, i
medicine (QoL)

with the published li

| Cerebral Arterial Gas Embolism? |

“Perhaps the optimal approach to minimizing morbidity is to find
effective neuro-protective agents”

~ rather than identifyi

any surgical sh
2002 JAMA : 287 (1)
In CABG surgery, most MEE's are probably gaseous l
Stroke; 31

A pre-operative operative hyperbaric medicine ?

55
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Hyperbaric Oxygen vs. Hypoxic Cerebral P ditioni |

| Hyperbaric Oxygen vs. Hypoxic Cerebral Preconditioning I

Findin,

~ rat pup model
Outcomes measures: e

~mortality and brain weight

Hypoxic stress induces significant neuro-protection in certain
perimental etiologic settings; clinically risky, i ical

Novel alternatives sough for high risk clinical conditions....cerebral

HBO...high dose = 1 x 2.5 ATA for 150 mins. 24 hrs. pre-insult
low dose= 2x2.0 ATA for 60 mins. 48 hrs. pre-insult
or 3x2.0ATA for 60 mins. 24 hrs. pre-insult

identical brain weight improvement
and survival between the preconditioned groups,
compared to controls

Controls 14.7%
HPC  59%
H-HBO 5.7%

Mortality:

Single hyperbaric treatment within 24 hours of insult has an
largely identical protective effect to hypoxic, imminently more
feasible and safer

Mechanisms of protection very different

Outcomes great temperature sensitive

‘Will hopefully stimulate further research

Are there other markers of injury/recovery?

and cardiovascular surgery Brain Weight Decrease: Controls 42% l
y — y H-PC  25%
ﬁ-lypoxn: P d ...8% oxygen x up to 150 mins. H-HBO 26%
Insult: unilateral carotid cauterization and 90 mins. 8% 02
postnatal day 7
Freiberger 11, et al. 2006 Freiberger JJ, et al. 2006
Brain Research;1075:213-222 Brain Research; 075:213-222 Brain Research; 1075:213-222
Thoughts
Good science Hyperbaric P: diti Effect on Neuropsyct i Hyperbaric P e Effects on psych
D i ic Infl y Resp after CABG D ion and Systemic Infl y Resp after CABG
Hypoxic ditioning effective but i ical, particularly ~ a randomized controlled double-blind trial
in likely target populations C H battery:

64 patients randomized to HBO (2.4 ATA) or HBA (1.5 ATA) before
on-pump CABG

~ 24, 12 and 4 hours pre-operatively

Both groups well matched to demographic and peri-operative factors

Alex J, et al. 2005
J Thoracic Cardiovasc Surg; 130(6)

[16/31 (51%) o controls had a signi vs.9/33 (27%) HBO |

Eight infl y markers

ANOVA found significant post-op increases in three (sE-selectin, CD18, HSP-70)
of eight markers in controls in contrast to the HBO group

Alex J, ef al. 2005
1 Thoracic Cardiovase Surg; 130(6)
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What to take home from this one?

E ging recrui P (84%)
Controls received 30% 02
None of the tested variables predictive of neuropsych. decline

HBO reduced inflammatory response amplitude

Mechanism? An area of research need

Dental Implant Surgery in Irradiated Bone

The case for hyperbaric oxygen...

I Hyperbaric oxygen in support of osseointegration implant surgery !

No (lower failure risk) Yes (higher failure risk)

Gosta Granstrom; J Oral Maxiollofac Surg XRT pre/post tumor surgery? no yes
2006;64;812-818 XRT pre O.1 surgery? no yes
Time(months) from surgery? <3 >3
The case against hype;”;’f;’gﬁ:’;& J Oral Manillofac Surg XRT dose (Gy), per implant site? < 40 > 50
2006;64;819-822 Adjuvant chemotherapy (at O)?  no yes
Implants into grafted bone? yes no
Implant length? long short(3-7mm)
Consolee abutments? no yes
Coarse implant surfaces? yes no

FRLE 2120055 O KBEN RO —EE

Richard Vann
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The Year in Review :
A Synopsis of Diving Literature 2005
Richard Vann*’

! Divers Alert Network, Department of Anesthe-
siology, Duke University Medical Center, Durham;
2Center for Hyperbaric and Environmental Physiol-
ogy, Department of Anesthesiology, Duke Univer-
sity Medical Center

A review of the diving literature for 2005 disclosed
over 100 relevant publications. Sixteen were chosen
for brief presentation at the 2006 UHMS Meeting in
Orlando and are summarized below.

Koehle et al. reviewed 60 cases of pulmonary
immersion edema resulting from scuba, surface
swimming, and breath-hold diving. Cold vasoconst-
riction and increased perfusion due to exercise
were cited as the likely causes of increased
capillary pressure leading to pulmonary edema
that usually resolved in 24 hrs with oxygen and
supportive therapy.

Cochard et al. reviewed six cases of pulmonary
edema in cold-water scuba divers. Symptoms
included dyspnea at depth, post-dive cough,
hemoptysis, and hypoxemia. One recurrent case
led to cardiac arrest and death. CT findings were
pléural effusion and opacities. The authors recom-
mended education of emergency care providers.

Shykoff studied the pulmonary effects of
immersion and oxygen breathing at 140 kPa.
Breathing underwater alone was associated with
some pulmonary insult but the effects were
greater with oxygen than with air. An 8hr oxygen
exposure caused mild to moderate pulmonary
toxicity that resolved after a few days.

Lindholm and Gennser found that prolonged
exercise and a low carbohydrate diet reduced
carbon dioxide production, extended breath-hold

time, and decreased end breath-hold oxygen levels

which might increase the risk for hypoxic syncope.

Kohshi et al. found stroke-like symptoms (similar
to taravana) and cerebral infarcts by MRI imaging
in Ama divers. Arterialized venous gas emboli
were suggested as a possible mechanism.

Rice and Moore found that half the Type II
altitude DCS treated in US. Navy chambers
involved only non-dermatomal paresthesias that
resolved as rapidly as Type I DCS and were
unnecessarily classified as Type II or serious
symptoms. Revision of the DCS classification
system was recommended emphasizing severity
not symptomatology.

Bryce et al. suggested that 23% of altitude DCS
involving headache treated at the U.S. Air Force
Davis Hyperbaric Lab might be classified as joint
pain rather than neurological DCS. This would
have practical implications regarding the
disqualification rules for aircrew with DCS.

Lundgren et al. demonstrated increased
nitrogen elimination in pigs having intravascular
microbubbles derived from fluorocarbon emulsion.

Blatteau et al. tested three decompression
schedules in humans with and without deep stops
and found that deep stops provided no benefit for
reducing VGE with the dive profiles they tested.

MclInnes et al. found that reverse dive profiles
(RDP) had a higher DCS risk than forward dive
profiles (FDP). However, the guinea pig dives were
of greater DCS risk (0-60%) than human dives (0.01-
1%) making differences for humans statistically
impossible to distinguish in less that 2000 d_ives.

Berge et al. found that exercise ending 30 min
pre-dive had no effect on vascular bubbles or
survival in the rat. Blatteau et al. found that
exercise ending 2 h pre-dive decreased vascular

bubbles after decompression in humans. Bondi et

al. found that inhibition of nitric oxide synthase
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before decompression decreased survival of rats.
Nitric oxide has been proposed as a mechanism by
which exercise affects decompression risk but
whether perfusion or bubble nucleation is mode of
action is uncertain.

Nelson et al. found that isoproterenol, which
increases vasodilitation, increased death and

cardiopulmonary DCS in pigs when given before

Vol41(4), Dec, 2006

decompression from saturation dives.

Smerz et al. described the deep Hawaiian
recompression tables, reviewed 20 years of experi-
ence, and concluded that continued confidence in
their effectiveness was warranted.

Germonpre et al. evaluated 40 divers for PFO at
6-8 years after a previous evaluation and found

more divers with larger PFOs.

1 2 3
16 Papers Pulmonary Oedema of Immersion
. Koehle, Lepawsky, McKenzie
* Immersion edema Sports Med 2005; 35 (3): 183-190
i i . * O, diving & the lun,
The Yearlln Rev_lgw. . Brze ath-hg old divingg * 60 published cases reviewed
A SYnOpS'S of Diving + DCS diagnosis, definition & disposition - endurance swimming; scuba & breatf-hold
Literature 2005 + PFC enhanced N, washout 9 . .
+ Deep stops « Pathophysiology: pulmonary overperfusion
Richard Vann + Reverse dives — cold vasoconstriction & T ambient pressure &
UHMS Scientific Meeting R . 1 blood flow due to exercise — 1 capillary
June 22, 2005 * Pre-dwg exercise & NO pressure — fluid extraversation
Orlando * DCS & isoproterenol « Cases usually resolved in 24 hrs with O, &
« Hawaii deep treatments supportive therapy
+ PFO & aging
4 5 6
Pulmonary edema in scuba divers: Pulmonary effects of submerged oxygen
recurrence and fatal outcome breathing: 4-, 6-, and 8-hour dives at 140 kPa SHYKOFF (2)
COCHARD, ARVIEUX, LACOUR, MADOUAS, SHYKOFF « Methods:
MONGREDIEN, ARVIEUX UHM 2005, Vol. 32, No. 5 —— ) )
UHM, 2005, Vol. 32, No. 1 —24 resting subjects in freshwater pool
. . « Objectives: « Paired dives at 3.6 mfw (chest level)
6 cases, 1? months, Brittany, -cold wa.ter _ separate the physical effects of — Airat Py, = 0.3 atm
» Symptoms: dsypr_1ea at depth: post-dive breathing underwater from the chemical ~100% O, at P, = 1.4 atm
cough, hemoptysis, hypoxemia effects of high O, partial pressures —21 control subjects for 6 weeks
— Cardiac arrest & death in one recurrent case assess acceptabzl en e + No-diving test for variability
. L . . - e oxyg Xposure
CT findings: pleural efflfsmn, opacities times for shallow water submersion —Measure PFT changes & track symptoms
* Author recommendation: educate « FVC, Peak Flow, FEV,, D,CO
emergency care providers
7 8 9
Aggravated hypoxia during breath-holds
SHYKOFF (3) SHYKOFF (4) after prolonged exercise
« Results: « Conclusions: LINDHOLM & GENNSER
- - Breathing underwater was associated with some Eur J Appl Physiol (2005) 93: 701-707
Person-days *p<o.o4 pulmonary insult ) )
Changed PFT Symptoms + Effects greater at P, = 1.4 atm than with air *Background: breath-hold near-drownings after
S — o = = — Symptom incidence increased with duration extended exercise without hyperventilation
- ! + A single 4-hour underwater exposure to Pyg, = 1.4 atm - prolonged exercise shifts metabolism from
8 hours 4 6 2 % 11 was no worse than to P, = 0.3 atm. carbohydrates to lipids & lowers CO, production
- 3 y 3 -;- . (as-:r exposure to 1.4 atm warrants Tll;n‘her st:dyt -H:ggothesis: lower Co2 producﬁon during
* 8-hour oxygen exposure causes mild to moderate | g ]
4 hours 1 2 4 3 pulmonary toxicity that resolves after a few days bredatr} Zpld glvmg.after exercise exacerbates
. COMMENT: end-of-dive hypoxia
- Candidate for longitudinal data analysis?
10 11 12
LINDHOLM & GENNSER (2) LINDHOLM & GENNSER (3) LINDHOLM & GENNSER (4)

« Methods: 8 subjects performed breath-holds
under control & post-exercise conditions
— Post-exercise: ~12 hrs on a carbohydrate-free diet
followed by 2 hrs of sub-maximal exercise
— Measured RER, P,0,, P,CO,, Sa0,

* Results:  Duraton RER P,0O, P,CO,
sec _-——_ (mmHg) (mmHg)
Control 96 0.83 52 59

Post-exercise 96 0.70 47 50

Sa0, (%)

2!
!
POST-EXERCISE _ |
o

L] 50 100 150
Time (s)

|
i
so-g

« Conclusions:

—Lipid-rich diet and exercise-induced
carbohydrate depletion increased the
risk of end-breath-hold hypoxia

—Potential for increased risk of hypoxic
syncope
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Neurological manifestations in Japanese
Ama divers
KOHSHI, WONG, ABE, KATOH, OKUDERA, MANO
UHM 2005, Vol. 32, No. 1

*Background:
— Taravana (“to fall crazily”) is a condition observed
in French Polynesian breath-hold divers
— Affects the CNS and is believed to be DCI
— Similar events common among Ama usually

lasting only several hours with cerebral rather than
spinal involvement

KOHSHI, WONG, ABE, KATOH, OKUDERA,
MANO (2)

+ Objective: review signs & symptoms of
possible DCI in Ama divers
* Methods:
— A survey of 16 Ama divers found 9 with
stroke-like events (none spinal)

» Transient hemiparesis or hemi-sensory
disturbances

 Euphoria, dizziness, nausea also common
—MRI imaging of 4 Ama divers with histories of

cerebral symptoms revealed cerebral infarcts
in watershed areas

KOHSHI, WONG, ABE, KATOH, OKUDERA,
MANO (3)

16

17

18

KOHSHI, WONG, ABE, KATOH, OKUDERA,
MANO (4)
Possible mechanisms
— Autochthonous bubble formation in the brain
— AGE from pulmonary barotrauma
— VGE rarely detected in breath-hold divers
+ Bubbles <30-50 microns may not be detectable by Doppler
— VGE shunting through PFO
— Arterialization of VGE through pulmonary circulation

+ Bubble diameter threshold for transpulmonary passage is about
21 microns

— COMMENT:

+ Smith observed bubbles in the lung were redistributed to arterial
circulation by a repetitive dive after a short surface interval

KOHSHI, WONG, ABE, KATOH, OKUDERA,
MANO (5)

Prevention:

— Limit bottom time

— Fewer dives per day

- Increase surface intervals
 Therapy:

— Treat as for DCI

Type Il decompression sickness in Naval
hypobaric chambers: a case of mistaken
identity?
RICE & MOORE
Aviat Space Environ Med 2005; 76:841- 6.

» Background:

— USN altitude DCI classified & treated according
to the USN Diving Manual

« Mild paresthesias defined as Type Il (severe) DCS
* Objective:
— Review altitude DCS cases classified as Type
11 DCS at USN chambers

19

20

21

RICE & MOORE (2)
Methods:

- 50,355 training/operational exposures from
NOMI records
Results:
—97 DCS cases (0.19%)
—58 DCS-2 (60%)
+ 50% were paresthesias based on the presence of
non-dermatomal paresthesias only

— Paresthesia-only DCS-2 resolved as rapidly
as DCS-1

RICE & MOORE (3)
+ Discussion:

— Differentiating “severe” (perhaps live-threatening)
from mild neurological DCS such as paresthesias
not possible with the USN Diving Manual

— USAF & NASA considers non-dermatomal
paresthesias-only to be mild DCS

« Conclusion:

— Revise US Naval Aviation DCS classification
system with emphasis on severity not
symptomatology

Headache and altitude decompression
sickness: joint pain or neurological pain?
BRYCE, BUTLER, PILMANIS, KING

Aviat Space Environ Med 2005; 76:1074-8.

*Background:

- Headache at altitude occurs
frequently and is often
classified as neurological or
serious DCS \/

— Some headaches may have
been joint pain associated
with cranial sutures rather
than neurological DCS

e

22

23

BRYCE, BUTLER, PILMANIS, KING (3)

* Objective:

— Investigate the proposition that headache may
be joint pain DCS & not always be neurological
DCs

« Methods:

— Record review of Davis Hyperbaric Lab

— Criteria for headache as joint pain DCS:

* Headache localized at a suture
« Normal neurological examination
* Resolution within 30 min of HBO

BRYCE, BUTLER, PILMANIS, KING (2)
Results:

— 480 altitude DCS cases

— 70 with headache

— 16 (23%) met criteria for joint pain

— 54 were unclear or had focal neuro findings
Discussion:

—23% of neuro (altitude) DCS might be reclassified
as less serious joint pain

- Disqualification rules for neuro DCS without residua:
72 h USAF, 1 month USA, 14-30 d USN

COMMENT

* Previous 3 papers suggested some

discord concerning the definition,
diagnosis, and disposition of DCS

» Would a workshop on the topic be of value?
* Oh no, not another DCS workshop!

25

26

27

Tissue nitrogen elimination in oxygen-

breathing pigs is enhanced by

fluorocarbon-derived intravascular micro-
bubbles.

LUNDGREN, BERGOE, OLSZOWKA, TYSSEBOTN

Undersea Hyperb Med 2005; 32(4):215-226.

 Objective: determine the effect of a
fluorocarbon emulsion (DDFP) on N,

elimination during O, breathing at 1 ata in
the pig

LUNDGREN, BERGOE, OLSZOWKA,
TYSSEBOTN (2)
* Methods:

—DDFP boils at 29°C & microbubbles
form upon injection

—6 experimental animals received 0.08 =
0.01 ml/kg of 2% DDFP emulsion i.v.
over a 30 min

—5 control animals received vehicle only

LUNDGREN, BERGOE, OLSZOWKA,
TYSSEBOTN (3)

7 min rebreathing periods
on each arm of the circuit
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—2-60 msw single dive profiles with stops

28 29 30
LUNDGRE‘IN\}SBg;éBOO‘I% aLSZOWKA, LUNDGREN, BERGOE, OLSZOWKA, Bubble incidence after staged
Method “) TYSSEBOTN (5) decompression from 50 or 60 msw:

« Methods .

20 Contrelsams  Conteals =2 — Central venous O, tension higher in treated effect of adding deep stops.
E2 Jommlart Tde, animals than in controls, probably due to BLATTEAU, HUGON, GARDETTE, SAINTY, GALLAND
g 1. enhanced O, transport by micro-bubbles Aviat Space Environ Med 2005; 76:490 —2.
E 14 . i -
s J:‘f_‘ffu.‘r Conclusions: . « Objective: determine if deep
5 . WW — DCS treatment with DDFP-emulsion & O, decompression stops would reduce
g, 39% loss time breathing may enhance inert gas elimination & ¢ p SIo| p: reau
N 46% loss time improve O, delivery to hypoxic tissues the incidence of Doppler-detected
£ . — Prior to testing this hypothesis, experiments VGE
E oo o | beating must show that DDFP micro-bubbles do not
ooy increase the risk of gas embolism

o 30 50 €a 20 50 180 290 240
Time (min)
31 32 33
BLATTEAU, HUGON, GARDETTE, SAINTY, BLATTEAU, HUGGAOLEA%F:;ETTE' SAINTY, BLATTEAU, HUGON, GARDETTE, SAINTY,
GALLAND (2) RN SRR D
- . e S SRS i L e R R PN

* Methods: , » ’ . A

- stop o stop

- i . Ewi £

8 subjects - §j;:j 1DCS (Joint pain) -
0
70

—1 repetitive dive profile with stops

—Moderate swimming at depth in wetpot
with resting decompression

|
deep % Grade
stop 3VGE

|
deep 9 Grade
stop 3VGE
[ -

standard

34 35 36
BLATTEAU, HUGON, GARDETTE, SAINTY, BLATTEAU, HUGON, GARDETTE, SAINTY, The relative safety of forward and reverse
GALLAND (5) GALLAND (6) diving profiles.
_ . McINNES, EDMONDS, BENNETT
- + Conclusion: UHM 2005, Vol. 32, No. 6
stop —Deep stops provided no benefit in Ftivar
Sondara reducing VGE . 02 eit::evh thesis that there i
_ . —Test the hypothesis that there is no
) . g::sio;;z:g nstop s requires careful difference in DCS risk between the RDP
il g and FDP for multi-level and/or repetitive
g %arade o B ; P dives.
3VeE 2+ o B — » RDP - Reverse Dive Profile
standara 5 ol i « FDP - Forward Dive Profile
37 38 39
McINNES, EDMONDS, BENNETT (2) McINNES, EDMONDS, BENNETT (3) McINNES, EDMONDS, BENNETT (4)
* Methods: . . .
— Multi-level Re':ull:sT | + Conclusions:
~= Multi-leve " . .
« EDP: 36msw/30min-24/30-12/30 « FDP: 36/30-24/30-12/30 - 0% DCS - Multl Ievefl :Bg regztltlvetRDPs are nlo( mirror
+ RDP: 12/30-24/30-36/30 + RDP: 12/30-24/30-36/30 — 55% fatal DCS inages o S & 0o o’ carry equa
Repetitive Profile # 1 R ti Profile # 1 o fata decompression obligations
- — Repetitive Profile i : "
« EDP: 30/30-0/15-20/30-0/15-10/30 « FDP: 30/30-0/15-20/30-0/15-10/30 ~ 0% DCS - WiligV|7e ?tg?lnst advn:jcathng_re\;erse profiles
* RDP: 10/30-0/15-20/30-0/15-30/30 + RDP: 10/30-0/15-20/30-0/15-30/30 — 9% fatal DCS a8 s e O e e
. BEE A Sl — 9% fatal factually & the decompression requirements
— Repetitive Profile # 2 - Repetitive Profile # 2 are re-defined
+ EDP: 30/40-0/15-20/40-0/15-10/40 + EDP: 30/40-0/15-20/40-0/15-10/40 — 0% DCS
+ RDP: 10/40-0/15-20/40-0/15-30/40 + RDP: 10/40-0/15-20/40-0/15-30/40 — 60% DCS
— 11 Guinea pigs in each group
40 3| 42

.

COMMENT

“...at least for the exposures we chose.”
Repetitive Profile # 1

— EDP: 30/30-0/15-20/30-0/15-10/30 — 0% DCS
— RDP: 10/30-0/15-20/30-0/15-30/30 — 9% DCS
Repetitive Profile # 2

— EDP: 30/40-0/15-20/40-0/15-10/40 — 0% DCS
— RDP: 10/40-0/15-20/40-0/15-30/40 - 60% DCS
The DCS incidence of diving is ~1.0-0.01%

COMMENT (2)

+ Suppose RDPpcs = 1.0% & FDPpeg = 0.01%
- 2 groups of 1,000 guinea pigs

* If RDPpes = 1.0% & FDPpcs = 0.1%
— 2 groups of 1,300 guinea pigs

* If RDPpcg = 0.1% & FDPpcg = 0.01%
— 2 groups of 13,000 guinea pigs

« To be relevant to human diving, this is a
difficult study

Exercise ending 30 min pre-dive has no
effect on bubble formation in the rat.
BERGE, JORGENSEN, LOSET, WISLOFF, BRUBAKK
Aviat Space Environ Med 2005; 76:326-8.

» Background: Previous work showed exercise
20 hrs before diving reduced VGE incidence,
possibly by decreasing bubble formation in
response to nitric oxide
— However, no VGE reduction occurred with

exercise at 48, 10, 5 hrs, or 30 min before diving

+ Objective: determine if exercise 30 min
before diving would increase VGE in rats
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43 44 45
BERGE, JORGENSEN, LOSET, WISLGFF, BERGE, JORGENSEN, L@SET, WISLJFF, Aerobic exercise 2 hours before a dive to
BRUBAKK (2) BRUBAKK (3) 30 msw decreases bubble formation
» Methods: c . . after decompression.
MRS +» Conclusions:
K —_— e BLATTEAU, GEMPP, GALLAND, PONTIER, SAINTY,
-7 ata f:hve for 45 min with ascent at 0.5 — The same type and intensity of exercise that ROBINET
ata/min reduced bubble formation when performed 20 Aviat Space Environ Med 2005; 76:666 9.
—29 control rats did no pre-dive exercise h'dP"°"d“t’)ab‘:)'IVef"e'th$’ P'_?m":fed O a0mi
" . . e form I me . i . i i
~29 rats did 90 min exercise at 85-90% Lee f:feea dK/e ormation if perfori min Question: what is tf\(-'a effect of exercise )
Voamax at 30 min before diving two hours before diving on Doppler VGE?
* Results:
—No difference: in survival, >Grade 1 VGE,
or median bubble grade
46 47 48
BLATTEAU, GEMPP, GALLAND, PONTIER, BLATTEAU, GEMPP, GALLAND, PONTIER, BLATTEAU, GEMPP, GALLAND, PONTIER,
SAINTY, ROBINET (2) SAINTY, ROBINET (3) SAINTY, ROBINET (4)
* Methods a;em: + Discussion:
— 16 military divers & +10/16 (63%) had fewer Pubbles after predive — The mechanism by which pre-dive exercise
— Exercise 2 hrs before diving at 60-80% max 4 .::zﬁffﬁz)ﬁ%;mM°M)—ﬂ reduces VGE is unknown
heart rate for 45 min 3 — Rather than altering the nitrogen elimination
— 30 msw/30 min dry chamber dive with a 9 min ) rate, exercise may affect the population of
stop at 3 msw gaseous nuclei from which bubbles form
1 4 “§ ql . - l « Through their action on the endothelium, nitric
. f - I oxide and heat shock proteins have been
0 —] l : h | Ii [ Il I_I IJ l I| ] ﬂ I] mentioned as possible mediators
1 2 3 4 H 6 7 8 9 011 12 13 W15 6
subjects
49 50 51
COMMENT Delayed effect of nitric oxide synthase BONDI, CAVAGGIONI, MICHIELI,
inhibition on the survival of rats after SCHIAVON, TRAVAIN (2)
X . acute decompression . T
Blatteau founq exercise 2 hr pre-dive BONDI, CAVAGGIONI, MICHIELI, SCHIAVON, TRAVAIN Objective: _
reduced VGE in humans UHM 2005, Vol 32. No. 2 - Test whether the acute inhibition of NOS
+ Berge (previous paper) found exercise 30 . Backaround: R activity by L-NAME had a delayed effect on
min pre-dive had no effect in rats . ) DCS and the survival of the rats.
— to gain insight into the vascular function of « Methods:
nitricftf)xide i? acute decompression sickness, — anesthetized rats were exposed to hyperbaric
the effects of the nitric oxide synthase L
inhibition by L-NAME was studied in rats. o 3 o e comrossed
subcutaneous injection of L-NAME
52 53 54

BONDI, CAVAGGIONI, MICHIELI,
SCHIAVON, TRAVAIN (3)

« Results:
— A single L-NAME dose greater injected in rats
approximately 2.5 hours before ascent
increased the risk of death in acute DCS

BONDI, CAVAGGIONI, MICHIELI,
SCHIAVON, TRAVAIN (4)

« Conclusion:

— Although we have not excluded effects of
nitric oxide synthase inhibition on distribution
of perfusion and therefore inert gas
elimination from tissue during decompression,
this result highlights a delayed benefit of nitric
oxide synthase activity in preventing death in
acute decompression sickness

Isoproterenol accelerates decompression
sickness and death after saturation dives
in swine
NELSON, WERNER, BURGE
Aviat Space Environ Med 2005; 76:97-102.

» Background:
— Personnel in a disabled submarine might be
saturated at up to 5 ata
— Rescue could require direct ascent to 1 ata
- Isoproterenol was beneficial in rats for treating
cardiopulmonary DCS and promoting
normobaric N, washout

55 56 57
NELSON, WERNER, BURGE (2) NELSON, WERNER, BURGE (3) NELSON, WERNER, BURGE (4)
. Obiective: « Results: + Kaplan-Meier survival plots
— Determine if isoproterenol could prevent or Experimental Group Cardiopulmonary DCS Death
delay Type Il DCS & death in swine Isoproterenol Control
+ Methods: e e =3
— 22 hr exposure to 4.33 ata with direct ascent Ancya:f;f:pum“w vy e e
to 1 ata Neurological 67% 71%
— 18 swine given 0.002 mg/kg isoproterenol just ,?,f,‘;-hype 11DCS > 3;2/: igé
before decompression *p<0.01

— 34 (historical) control swine
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NELSON, WERNER, BURGE (5) COMMENT Hawaiian Deep Treatments: Efficacy and
Outcomes, 1983-2003
+ Conclusions: + Would the swine-saturation/direct ascent SMERZ, OVERLOCK, NAKAYAMA
— The deleterious effects of isoproterenol model be helpful to identify the mechanism UHM 2005, Vol. 32, No. 5
appear to outweigh the potential benefits in an by which nitric oxide acts to protect » Background:
emergency no-stop decompression from against DCS? - Reported high failure rate of Tables 5 & 6 in
saturation conditions « A beneficial effect with NO (unlike (1! 970I-80§r led Eleckn?;nj Yplilnt & Kur]kle;.to .
isoproterenol) might suggest that NO acts 23‘(’)9 op Tx tables with initial pressurization to
. . or 280 fsw
by decreasing bubble formation rather Obiective:
than, alternatively, by increasing perfusion Objective:
— A 20-year review of experience with the
Hawaiian deep tables
61 62 63
SMERZ, OVERLOCK, NAKAYAMA (2) SMERZ, OVERLOCK, NAKAYAMA (3) SMERZ, OVERLOCK, NAKAYAMA (4)
- TT60 + TT160 + TT220
T 7 || -
aummormrons W = [r—— B ar
4 o e B ar Q - s on ove srorn -
o i 8 nana S €060 NITROX, . g :; :xv:Zi
- f & AR O 100% 02 - 0O fosoz
@ s 0 tom%02 - TOTALTIME = 6 HR 34 MIN
Rttt TOTAL TIME = 6 HR 18 MIN - UPTD = 904
UPTD = 887
64 65 66
SMERZ, OVERLOCK, NAKAYAMA (5) SMERZ, OVERLOCK, NAKAYAMA (6) SMERZ, OVERLOCK, NAKAYAMA (7)
* TT280 * Methods: —Mild cases
N — 2004 chart review of 889 cases meeting definition « Table not important
= — Outcome measure *100% CFR
© » Complete Functional Recovery (CFR): no deficits or « 22.3 hr mean delay
= only minor subjective symptoms at discharge .
é - @ « Results as % CFR: —Se(\)/elredcasesu g
g g :::::R:; —93% overall n yo eep tables use
= O s —92% AGE + 76.4% CFR
- —91% DCS-2 (only 73% for severe cases) *16.7 hr delay. o
- 1 TOTAL TIME = 6 HR 40 MIN —99% DCS-1 » More severe injuries & less recovery for
= L UPTD = 916 ° males than females
67 68 69

SMERZ, OVERLOCK, NAKAYAMA (8)

—Complications
+ 3 DCS in attendants
* 7% O, toxicity
—0.6% seizures
» Conclusion:
—Continued confidence in the deep
Hawaiian treatment tables appears
warranted
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Evidence for Increasing Patency of the
Foramen Ovale in Divers

GERMONPRE, HASTIR, DENDALE, MARRONI, NGUYEN,
BALESTRA

Am J Cardiol 2005;95:912-915
Objective:

- Determine if PFO is subject to change with aging
Methods:
—40 divers
— Scanned 6-8 years earlier with contrast TEE
+ Grade 0: no bubble passage
 Grade 1: <20 bubbles
« Grade 2: >20 bubbles

-

GERMONPRE, HASTIR, DENDALE,
MARRONI, NGUYEN, BALESTRA (2)

* Results:
Grade Initial Einal
0 50% 47%
1 22% 10%
2 28% 43%

— p=0.0354 by Wilcoxon signed rank test

+ Conclusion:
- Divers may develop increased susceptibility to
neurological DCS over time






