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Traumatic Ischemias and the Roles of Hyperbaric Oxygen Focusing
on Crush Injuries & A Physiological Model for DCS Presentations

Michael B. Strauss, MD

Crush Injury is the most recognized of the spectrum of traumatic ischemias. Hyperbaric
oxygen is an “approved” use by most governing authorities for the traumatic ischemias. Three
features unify crush injuries and the other conditions in the spectrum of traumatic ischemias.
First, there is a trauma cause for the condition that leads to ischemia at the injury site.
For example, energy exchange to tissues is the cause of the pathology for crush injuries
while thermal injury i.e., heat or cold, is the trauma source for burns and frostbite. Trauma
inherit in every surgery is the etiology for threatened flaps & grafts, failing amputations, and
reimplantation concerns.

Second, the trauma plus ischemia to the injured tissue contributes to a self-perpetuating cycle
of edema and hypoxia in the post-injury stage of the traumatic ischemias.

Third, a spectrum of severities of the traumatic ischemias range from non-existent/mild-
to moderate-to severe/tissue death. Hyperbaric oxygen through its mechanisms is able to
mitigate the pathology for each of the three unifying features of the traumatic ischemias.
This presentation focuses on the crush injury component of the traumatic ischemias with
discussion of its pathology, classification, treatment protocol, outcomes, and rationale for using
hyperbaric oxygen.

Decompression sickness (DCS) is a syndrome due to its varied presentations & locations.
Scientific work on DCS focuses on more than 20 models for predicting bubble formations
using tissue halftimes. Four index cases & awareness of the variability of perfusion provide
a physiological explanation why signs & symptoms of DCS occur as they do. These cases
raised questions about the predictability of tissue half times (& even Wienke’s free gas
phase concept) for explaining these patients’ outcomes. Interruption of autoregulation of
perfusion coupled with off-gassing gradients provide an explanation. With over a 96,500
Km in line length of our vascular tree, its capacity is, at a minimum, 20-times greater than
our 5-liter blood volume. Thus, blood flows where it is needed due to exacting regulation
by the sympathetic nervous system & chemical mediators. The index cases: 1) Deaths after
precipitous ascent in hard hat gear; 2 & 3) Severe neurological residuals after transient
loss of consciousness upon dive completions; and 4) Cardiac arrest on the bottom with
intravascular bubbles upon ascent even with CPR led us to generate a 3-compartment model
based on physiology rather than tissue half times Transient interruption of perfusion to
instantaneously saturated tissues (lungs, blood, heart, and brain-spinal cord) can cause severe
neurological residuals from autochthonous bubble formation. A “protected” highly perfusion-
regulated group of tissues (muscle, viscera, bone, skin, & subcutaneous tissues) only have
perfusion proportional to their activity/metabolic needs and rarely cause symptoms with
decompression. Avascular connective tissues (ligaments, tendons, fascia, joint capsules, &
membranes) on- and off gas slowly by diffusion from tissue fluids associated with long or deep
dives. My 3-compartment perfusion-gradient, physiologically-based model explains why DCS
presentations appear as they do.
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Michael B. Strauss, MD
FACS, FAAOS, AOFAS, FHM

Michael Strauss graduated from Stanford University in 1962 and
received his medical degree from the Oregon Health and Sciences
University in 1965. After internship at the LA County-USC Medical
Center and a lag year’s surgical residency at the Mount Sinai
Medical Center in New York City, he began active duty in the US Navy with Submarine
Medical Officer’s School in New London, CT and the Navy School of Navy Diving & Salvage
School in Washington DC. He then served on a nuclear submarine, with Navy divers in South
East Asia, and the UDT-SEAL teams in Coronado, California while becoming a certified US
Navy Undersea Medical Officer. In 1961 he became an orthopaedic surgery resident at the
Naval Medical Center, San Diego, CA. He then served as an orthopaedic surgeon at the Navy
Hospital, Newport, RI and became Board Certified in 1968.

In 1977 he joined Dr. George B. Hart at the Memorial Care Long Beach Medical Center (LBMC)
Long Beach, CA while remaining in the Navy Reserve UDT and SEAL Teams in Coronado, CA.
He focused his practice on orthopaedic applications of hyperbaric oxygen and also served as
the medical center’s orthopaedic trauma service coordinator. While doing such he became an
associate professor of orthopaedic surgery at the Harbor/UCLA Medical Center in Torrance,
California. In 2000 after completing a 32-year affiliation with Navy he began focusing his
surgical practice on the management of problem wounds and became the Orthopaedic
Consultant for the Long Beach Veterans Affairs Medical Center wound program and a clinical
professor of orthopaedic surgery at the University of California Irvine School of Medicine.

Dr. Strauss has generated over 200 papers, posters, book chapters and exhibits plus two text
books (Diving Science,,,Revisited and MasterMinding Wounds--2nd edition in preparation).
In addition, he has contributed to every edition of the UHMS’s Hyperbaric Oxygen Therapy
Committee Report (now in its 15th edition) and 7-chapters for the upcoming 5th edition
of Hyperbaric Medicine Practice. In 2018 Dr. Strauss received the inaugural Lifetime
Achievement Award from the Best Publishing Company and in 2023 the Undersea &
Hyperbaric Medical Society’s Behnke Award, the premier award of the society.

Titles that Dr. Strauss hold include: 1) Medical Director [retired] of Hyperbaric Medicine,
LBMC, 2) Interim Medical Director of the Wound Care Program also at the LBMC, 3) Chairman
of the LBMC Orthopaedic Department, 4) Executive Committee member of the UHMS, 5)
Clinical Professor of Orthopaedic Surgery, University of California Irvine School of Medicine,
Irvine, California and 6) Consultant for the PACT (Prevention-Amputation, Care and Treatment)
Diabetic Wound Clinic at the Veterans Affairs Medical Center, Long Beach, California.

9 MAY 2024
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The Future of Undersea and Hyperbaric Medicine
in the US: Survey Results

Peters, J., Gelly, H., O’Neill, O.

Introduction

The Undersea and Hyperbaric Medical Society (UHMS) has guided the formal practice of
hyperbaric medicine (HBOZ2) in the United States for the past fifty-seven years. Despite the
many challenges over the decades, including recent ones that would have devastated hospitals,
physicians, and providers, UHMS has been positioned to respond, protect, and promote the
specialty. This study reports on a solicited survey of a specific group of UHMS members on
their 10-year outlook on the future of hyperbaric medicine in the United States.

Methodology

This study was meticulously conducted by surveying US-based UHMS Regular members.
The survey, designed in Microsoft Forms, consisted of 27 questions carefully created and
interrogated for their merit by the UHMS ED, President-Elect, and Treasurer. The questions
were designed to elicit responses about the future sentiment of HBOZ practice using past and
present regulatory and payment challenges, practice patterns, provider type, and certification
and accreditation outlook. Twenty-six questions were yes/no and more/same/less, which
allowed the responses to be numerically codified, and the last question was free text to
provide a capstone for the survey.

The responses were exported into an Excel workbook, organized, numerically codified by
response type, and analyzed using pivot tables for visualization.

Results

Of 809 UHMS US-based Regular members surveyed, 74 responded, for a 9.15% response rate.
All 74 respondents answered the 26 yes/no and more/same/less questions, and 52 responded
to the free text question.

In summary, respondents surveyed voted that in ten (10) years, 64% - HBOz will be provided
in the hospital outpatient department, 76% - there will be fewer facilities providing urgent
and emergent care, 54% - more NPPs will be supervising HBO2z, 62% - fewer hospitals will
support direct supervision, 73% - general supervision will lead to worse outcomes for patients,
82% - general supervision puts chamber staff at risk, 86% - more audit measures used, 84%
telemedicine will not replace hyperbaric supervision, 81% - do not believe there will be
more board-certified physicians in UHM, 70% - do not believe there will be more ACGME
approved UHM fellowships, 64% - PATH CAQ/CAE will play a more important role, 96% -
commercialization of HBOz by wellness companies, non-physicians, and non-code-compliant
chamber manufacturers are negatively impacting the reputation of the specialty, 58% -
AHJs will play a more significant role in hyperbaric chamber regulation, 84% - payors will
restrict HBOz2 more, 70% - payors will require hyperbaric facility accreditation, 65% - board
certification or PATH CAQ/CAE will be required by payors, 54% - hyperbaric certification will
not be required for NPPs, 53% - payment for HBO:z supervision will be less, 84% - hyperbaric
registries and real- world evidence will play a more important role, 70% - physicians will
be practicing medicine, 65% - physicians will be practicing HBO2z, 76% - the UHMS will be
relevant and positioned to represent the specialty, 82% will be members of the UHMS, 58% -
acute TBI will be approved by the UHMS, 76% - IBD/Crohn’s will be approved by the UHMS,
58% - calciphylaxis will not be approved as a UHMS indication.

Conclusion & Discussion

Many areas of medicine are under duress, but few are as small and regulated as the specialty
of hyperbaric medicine. The study demonstrates that UHMS members are pessimistic about
the future of urgent and emergent hyperbaric medicine, the physician’s role in practicing
HBO:z, board-certified UHM physician numbers, ACGME-approved fellowships, attrition of
physicians out of the specialty, and payment for practicing HBOz. Conversely, there were some
positive responses to essential questions about the UHMS’s ability to address future challenges
adequately, the number of physicians supportive of UHMS membership, and new diagnoses
being approved for HBOz:.
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PROFESSIONAL EXPERIENCE

- Undersea and Hyperbaric Medical Society, Inc.
6/2014 to present  Executive Director

- WCHMEDIA Group, Inc. 10/2008 to present President
- American Baromedical Corporation 1/2010 to 5/2013 President
« Diversified Clinical Services 12/1998 to 10/2008
2/2000 to 10/2008 Regional / Area Vice President
12/1998-2/2001 Wound Care and Hyperbaric Medicine Operations Manager

- Intracoastal Heath System — St. Mary’s Medical Center
6/1998-12/1998 Certified Hyperbaric Technologist
- HCA Tallahassee Community Hospital 3/1991-5/1998

2/1992-5/1998 Senior Certified Hyperbaric Technologist
EDUCATION
MBA - Management w/ Distinction New York Institute of Technology, NY 2001
BS - Biology/Chemistry Florida State University, Tallahassee, FL 1998

PROFESSIONAL CERTIFICATIONS

Board Certified Healthcare Executive
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Notary Public - State of Florida
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College of Healthcare Executives and the advancement of healthcare management excellence - 2012

Special Services Award

Presented in appreciation of his outstanding support to better the UHMS Gulf Coast Chapter — 2011

PROFESSIONAL MEMBERSHIPS
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- Member of the European Underwater Baromedical Society

- Fellow of the American College of Healthcare Executives, ACHE 2007+
- Member of the American College of Healthcare Executives, 2001
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— 22 —



SL3 il 3

The History of Research Related Hyperbaric and Diving Medicine
at University of Wisconsin - Madison

Aleksey SOBAKIN, DVM, PhD
Professor Emeritus, School of Medicine and Public Health, University of Wisconsin-Madison, USA.

The history of research related to hyperbaric and diving medicine at the University of
Wisconsin-Madison is rich and varied, showcasing significant contributions to the field. Let's
break down the timeline and key developments:

1. Establishment of the Diving Physiology Laboratory (1979):
- The Diving Physiology Laboratory was founded in 1979, marking the beginning of
research endeavors in hyperbaric and diving medicine at the University of Wisconsin-
Madison.

2. Pioneering Studies (1979-1990):
- Under the leadership of Dr. Edward Lanphier, the laboratory focused on investigating the
medical aspects of diving and work in compressed air.
- Collaborations with Japanese colleagues, including Motoo Kitano, Mahito Kawashima,
and Yasushi Taya, led to groundbreaking experiments on dysbaric osteonecrosis in sheep.

3. Continued Research (1990-2007):
- After Dr. Lanphier’ s passing, Dr. Charlie Lahner assumed the role of director and
expanded research collaborations, particularly with the U.S. Navy.
- Studies on dysbaric osteonecrosis and respiratory decompression sickness were
conducted, with a special emphasis on developing decompression tables for submarine
escape and rescue.

4. Focus on Oxygen Pre-Breathe (2007-2010):
- Dr. Aleksey SOBAKIN took over as the project leader, with a major focus on Navy grants
to study oxygen pre-breathe (OPB) before decompression from significant depths.
- Research findings indicated that oxygen pre-breathing could mitigate dysbaric diseases in
sheep undergoing hyperbaric exposure, including dysbaric osteonecrosis.
- Challenges arose from ethical concerns raised by PETA, leading to a two-year
investigation that ultimately cleared the research team of any wrongdoing.

5. Exploration of Decompression Strategies and Injury Mechanisms (2010-2022):
- The laboratory delved into the development of protective decompression strategies
following saturation dives, utilizing a sheep model.
- Advanced imaging techniques such as diffusion tensor imaging (DTI) MRI were employed
to detect central nervous system decompression injury.

6. Closure of the Diving Physiology Program (2022):

-Unfortunately, the Diving Physiology Program came to an end in 2022 due to the
university's decision to demolish the Biotron building, where the hypobaric chamber was
located.

-Loss of the facility resulted in the discontinuation of research activities, including
financing from sponsors like the U.S. Navy.

Despite the closure of the program, the University of Wisconsin-Madison's contributions to

hyperbaric and diving medicine remain significant, reflecting a legacy of pioneering research
and dedication to advancing scientific knowledge in the field.
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PERSONAL DATA

Department of Pediatrics,

University of Wisconsin, School of medicine and Public Health
Office Address: Biotron Laboratories, 2115 Observatory Drive,
Madison, WI 53706

Office Telephone: 608-698-6450, Fax: 608-262-7871, E-mail: sobakin@wisc.edu

EDUCATION

1987 B.Sc. Biology, Chemistry Saratov State Agricultural University, USSR.

1990 D.V.M, Large Animals, School of Veterinary Medicine, Saratov, USSR.

1994 Ph.D. Veterinary Microbiology, Virology and Toxicology, All-Russian Research Institute
of Veterinarian Virology and Microbiology, Pokrov, Russia,

PRESENT APPOINTMENT / POSITION
2017 - 2022  Associate Scientist, University of Wisconsin-Madison, School of Medicine &
Public Health, Department of Pediatrics, Madison, WI

PAST APPOINTMENT / POSITIONS

2013 - 2017 Assistant Scientist, University of Wisconsin-Madison, School of Medicine &
Public Health, Department of Pediatrics, Madison, WI

2008 - 2013  Associate Researcher, University of Wisconsin-Madison, School of Medicine
&Public Health, Department of Pediatrics, Madison, WI

2005 - 2008  Assistant Researcher, University of Wisconsin-Madison, School of Veterinary
Medicine, Department of Surgical Science, Madison, WI

2000 - 2005 Dairy Management Specialist, Maunesha River Dairy, Sun Prairie, WI

1999 - 2000 Post - Doctoral Trainee, University of Wisconsin-River Falls, River Falls, WI

1994 - 1999 Assistant Scientist & Instructor, Saratov State Academy of Veterinary Medicine
and Bio-Technology, Department of Veterinary Microbiology and Virology,
Saratov, Russia
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Barotec

Barotec HYPERBARIC OXYGEN CHAMBERS
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