
In January 2008, Mayo Clinic Rochester launches a clinical 
and research hyperbaric and altitude medicine program. 
The multidisciplinary efforts of the Division of Preven-
tive, Occupational, and Aerospace Medicine, the Divi-
sion of Cardiovascular Diseases, and the Gonda Vascular 
Center focus primarily on the management of chronic 
nonhealing wounds. “This program is an important ex-
tension of the Wound Center as an additional tool in 
managing problem wounds, with the goal of providing 
comprehensive care and further improving limb salvage 
rates,” says Raymond C. Shields, MD, Mayo Clinic 
Rochester cardiologist and member of the staff of the 
Gonda Vascular Center.

Mechanisms of Action

100% oxygen at a pressure greater than atmospheric 
-

perbaric oxygen started in 1955 as an adjunct to cardiac 
surgery before the wide availability of cardiopulmonary 
bypass machines. 

Under conditions of normal perfusion at rest, tissues 
extract between 5 and 6 mL of oxygen per deciliter of 
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concentration of a gas dissolved in a liquid are deter-
mined by the partial pressure of the gas on the surface 
of that liquid), at sea level while breathing ambient air 

2, 760 torr, or 760 mmHg), 

sea level, this concentration increases 5-fold to 1.5 
-

mospheres of pressure, the dissolved plasma oxygen 

of the oxygen-hemoglobin content. At the tissue level 

of oxygen at 2 atmospheres of compression while 
breathing 100% oxygen approximates 300 mmHg. 

gas is inversely proportional to the pressure at a con-
-

fects of increased pressure and levels of oxygen are 
reduction in bubble size and bubble dissolution. 

Indications and Secondary Effects

oxygenation) are particularly applicable in the urgent 
management of arterial gas embolism and decompres-
sion illness. Indeed, hyperbaric oxygen is the primary 
therapy for arterial gas embolism and decompression 
illness. Other important indications for hyperbaric 
oxygen therapy are listed in the Table.

Secondary effects of hyperbaric oxygen therapy 
are diverse and include the following: 
1. Increased leukocyte oxidative intracellular 

killing.

2
 of 45 to 150 

mmHg) achieved with hyperbaric oxygen ver-

mmHg). Clinical applications include necrotizing 
soft tissue infections and chronic refractory osteo-
myelitis.

2. Toxin production, inhibition, and inactivation. Hy-
perbaric oxygen therapy is effective for inactivat-
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ing clostridial toxins and is directly bactericidal to 
Clostridium perfringens. This effect is applicable 
in the management of clostridial gas gangrene.

3. Osteoclast stimulation. Osteoclast function is 
stimulated by hyperbaric oxygen, which is el-
emental in the management of chronic refractory 
osteomyelitis and osteoradionecrosis.

4. Fibroblast proliferation and collagen synthesis 
stimulation. This process is also oxygen depen-
dent and is important in the proliferative and re-
modeling stages of wound healing.

5. Angiogenesis stimulation. Tissue oxygen gradi-
ents generated by hyperbaric oxygen stimulate 
capillary formation. This is particularly applica-
ble to graft salvage, soft tissue radionecrosis, and 
osteoradionecrosis.

6. Vasoconstriction. Vasoconstriction with hyperbar-
ic oxygen results in tissue edema reduction while 
ameliorating ischemia, which is particularly im-
portant in the management of crush injuries and 
acute thermal burns.

Contraindications
Absolute contraindications for hyperbaric oxygen 

to possible increased cardiotoxicity). The cytotoxic 
effect of cis-platinum may be enhanced with hyper-
baric oxygen therapy, thereby diminishing wound 

production, the major defense against oxygen toxic-
ity. Untreated pneumothorax is also an absolute con-
traindication for hyperbaric oxygen therapy. 

Hyperbaric oxygen therapy has the following 
relative contraindications: upper respiratory infec-

tion, chronic sinusitis, seizure disorder, emphysema 
with CO

2
 retention, heart failure, high fever, history 

of spontaneous pneumothorax, history of thoracic 
surgery, viral infection, congenital spherocytosis, and 

-
perbaric oxygen therapy should be weighed against 

appear to be stimulated by hyperbaric oxygen therapy, 
and pregnancy is not a contraindication for emergent 
indications.

Conclusions
Hyperbaric oxygen therapy administered according to 

-
dle ear “squeeze” or barotrauma is the most common 

-
trauma can be minimized with appropriate screen-
ing, patient education, and monitoring. Patients who 
receive a prolonged course of normobaric increased 

IO
2
 therapy and then undergo repeated exposure to 

-
nary oxygen toxicity. Generalized seizures may occur 
in patients during hyperbaric oxygen therapy but are 
considered rare and self-limiting, with no subsequent 
neurologic sequelae reported. 

Mayo Clinic Rochester has an important place in 
history with altitude physiology research and training 

of the currently available aircraft oxygen and anti-
gravity systems were developed in the Mayo Clinic 
Aeromedical Unit,” says Dr Shields. “The current 
hyperbaric and altitude medicine program will also 
include opportunities for altitude physiology training 
and research.”
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Table. Evidenced-Based Indications for Hyperbaric Oxygen Therapy

Primary Therapy

Cerebral arterial gas embolism Decompression illness

Adjunctive Therapy

Selected problem wounds Refractory osteomyelitis

Osteoradionecrosis Necrotizing infections

Osteoradionecrosis prophylaxis Crush injuries

Radiation tissue damage Clostridial gangrene

Carbon monoxide poisoning Acute thermal burns

Compromised skin grafts or flaps Acute exceptional blood loss

Figure. Dr Shields demonstrating use of the oxygen hood used by 

patients during hyperbaric therapy.
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Perivalvular regurgitation is a long-standing compli-
cation of prosthetic valves. Long-term studies sug-

aortic and mitral prosthetic valves. Although many 
patients with prosthetic valves are asymptomatic, 
severe perivalvular regurgitation may result in heart 
failure, infective endocarditis, or hemolytic anemia. 
Reoperative mortality in these patients has been re-

Interventional cardiologists at Mayo Clinic 
Rochester are investigating the feasibility of treat-

technologies provide an innovative approach to this 
increasingly common clinical problem,” says Paul 

Prosthetic Perivalvular Leaks Repaired 
by New Percutaneous Technique 

Sorajja, MD, an interventional cardiologist at Mayo 
Clinic Rochester. 

To date, 23 patients have undergone perivalvular 
repair with a ductal occluder or septal occluder de-

a small number involved a prosthetic aortic valve, 

and 2). All patients had developed either heart failure 
thought to be primarily due to valve regurgitation or 
transfusion-dependent hemolytic anemia. All patients 

-

prior attempted operative procedures), and all clearly 
understood that this was an investigational, off-label 
use of these devices. 

Periaortic defects were imaged with transtho-

could be seated without impinging on the prosthetic 
valve.

Perimitral positioning of these devices is more 
-
-
-

nipulation challenging,” says Charanjit S. Rihal, MD, 
director of the Cardiac Catheterization Laboratory at 
Mayo Clinic Rochester. Patients had transesophageal 
echocardiographic imaging done under general anes-

Various guide catheters were used to engage mi-
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Figure 1. This 74-year-old woman underwent percutaneous repair of a perivalvular leak of her St. Jude mechanical mitral 

prosthesis. A, Transesophageal echocardiography shows multiple regurgitant jets involving the prosthesis (a) and (b). B, 

Fluoroscopy showing multiple septal occluders deployed around the mitral prosthesis. LA, left atrium; LV, left ventricle.
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Figure 3. Diagram of arteriovenous rail. The blue catheter is 

advanced retrogradely through aortic valve; the advanced 

snare then grabs the wire within the green catheter, which 

has been advanced through the venous system and passed 

through an atrial transseptal puncture.

Figure 2. This 64-year-old woman underwent percutaneous repair of a perivalvular leak 

of her St. Jude mechanical mitral prosthesis. An arteriovenous rail was constructed 

to deliver the septal occluder. Top left, Transesophageal echocardiography shows the 

perivalvular regurgitant jet (arrowhead). Top right, A snare is placed across the aortic 

valve into the left ventricle. Middle left and right, A guidewire is advanced from the 

left atrium through the defect into the left ventricle, where it is snared to create the 

arteriovenous rail. The arteriovenous rail provides strong support for delivering devices 

across the perivalvular leak. Bottom left, A septal occluder has been deployed. Bottom 

right, Repeat transesophageal echocardiography shows trivial residual regurgitation 

after placement of the septal occluder (arrow). LA, left atrium; LV, left ventricle.

not be crossed because of poor guidewire support. In 

aortic valves, an arteriovenous rail was created. The 
arteriovenous rail was developed in 1 of 2 ways: an-
tegradely through the septal puncture, through the 
periprosthetic defect into the left ventricle, advanced 
across the aortic valve, and exteriorized through the 

-

cle, across the periprosthetic lesion, through the left 
atrium, and then snared and exteriorized through the 

mechanical aortic valves, left ventricular puncture 
was performed in selected cases, and the arteriove-
nous rail was created retrogradely to provide a stable 
catheter position for approach of a perimitral defect 

Although the procedure was a technical success 
in nearly all patients, 4 patients died during follow-
up: 1 of pneumonia, 2 of progressive heart failure, 

-
tient had successful placement of 2 types of closure 
devices, but the large defect was too close to the pros-

-
ment so was removed percutaneously. 

In summary, the present experience has dem-
onstrated that current catheter-based technology is a 

was notable, and patients with hemolytic anemia had 
reduced need for transfusion. 

“Our experience has demonstrated the impor-
tance of a multidisciplinary team of both congenital 
and adult interventional cardiologists, anesthesiolo-
gists, and echocardiographers in these procedures,” 
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Figure 4. This 74-year-old man underwent percutaneous repair of a perivalvular leak of 

his St. Jude mechanical mitral prosthesis. Top left, An apical puncture is performed to 

snare the guidewire, which has been passed across the leak from the left atrium into the 

left ventricle. Top right, This snaring allows creation of an exteriorized wire rail, which 

provides strong support for placing devices across the perivalvular leak. Middle left and 

right, The guide catheter is advanced through the leak over the rail. Bottom left, A septal 

occluder is deployed across the leak. Bottom right, Transesophageal echocardiography 

shows occlusion of the leak with only mild central regurgitation through the septal 

occluder. This central regurgitation resolves with subsequent endothelialization of the 

septal occluder. LA, left atrium; LV, left ventricle.

Division of Cardiovascular Medicine 
    Receives Minnesota Council for 
    Quality Award 
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The Minnesota Council for Quality has announced 

the recipients of the 2007 Quality Award. The 

Mayo Clinic Rochester Division of Cardiovascular 

Medicine was 1 of 8 award recipients, receiving 

an Advancement Level Award. The primary objec-

tive of the award, established in 1991, is to help 

organizations improve performance results and to 

recognize excellence.

Participating organizations receive a compre-

hensive evaluation and feedback that outlines 

organizational strengths and opportunities for im-

provement. This feedback can be used by organi-

zational leadership for purposes of organizational 

learning, planning, and improvement. Processes 

evaluated include leadership, strategic planning, 

customer focus, market focus, information and 

knowledge management, human resource focus, 

process management, and results. Team leaders 

on this project were Robert P. Warda, Jonathan W. 

Curtright, and Douglas A. Parks, all of Mayo Clinic 

Rochester Administrative Services, and cardiolo-

gists W. Bruce Fye, MD, Robert L. Frye, MD, David L. 

Hayes, MD, David A. Foley, MD, Wayne L. Miller, MD, 

PhD, and Henry H. Ting, MD, clinical practice direc-

tor of the Division of Cardiovascular Medicine.

“We began this journey toward performance ex-

cellence in 2004, using the Baldrige Process,” says 

Mr Warda. “We have created quality improvement 

projects that have improved the care we are able 

to deliver to our patients.” Some of those quality 

improvement projects include FAST TRACK for pa-

tients with acute myocardial infarction, increasing 

efficiency and decreasing wasted resources in the 

echocardiography and cardiac catheterization labo-

ratories, redefining staff roles in the Heart Rhythm 

Services section, and cross-training of paramedical 

staff to level workloads in the cardiology outpatient 

clinic.

Areas for additional improvement were iden-

tified, including a process to diffuse innovation 

throughout the Division of Cardiovascular Medicine, 

developing outcome metrics that assess success 

of the strategic plan, and recalibrating strategic 

plan as necessary. “We will continue this process 

to achieve and maintain the highest standards of 

quality throughout the division,” says Mr Warda.

-
gist at Mayo Clinic Rochester. “It has also demon-
strated the need for innovative use of current tech-
nology, and the need for the development of special-
ized devices to expand utilization of this technique.” 

patient selection criteria and assess long-term patient 
outcomes.
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founded in 1989 to establish 
and support congenital heart 
surgery centers in Russia. Only 
10% to 15% of Russian children 
with congenital heart disease 
have access to modern surgical 

-
lish facilities for state-of-the art 
congenital cardiac surgery and 
to train pediatric cardiologists 
and cardiovascular surgeons. 
“The mission of H2H is to de-
velop self-sustaining programs 
that provide modern and com-
passionate care for children and 
adults with congenital heart dis-

-
rector of pediatric cardiology at 

Mayo Clinic Rochester and a member of H2H. 

-
cal facilities at that time could not provide any meaning-

Pediatric Cardiologists Help Develop Congenital 
Heart Center in Russia

Frank Cetta, MD

ful care to infants with congenital heart dis-
ease. Today a state-of-the-art congenital heart 
surgery facility exists in St Petersburg, and 
complex neonatal procedures are performed, 
including arterial switch operations, truncus 

neonates with hypoplastic left heart syndrome. 

-
volved training local staff in advancements in 
surgical care and helping to fund and establish 
a postoperative intensive care unit. Today, that 
unit has 6 beds with state-of-the-art ventilatory 
and hemodynamic support equipment. In ad-
dition, H2H, with the help of private philan-
thropy, has established a congenital cardiac 

catheterization procedures can be performed 
on children with congenital heart disease in St 
Petersburg.

H2H has expanded its role in Russia in 
an attempt to deliver quality pediatric cardiac 

-

Pediatric Cardiology

Frank Cetta, MD, Chair

David J. Driscoll, MD

Ben Eidem, MD

Donald J. Hagler, MD

Timothy J. Olson, MD

Co-burn J. Porter, MD

Carole A. Warnes, MD

Figure. Dr Cetta demonstrating echocardiography in a patient with congenital heart disease to health care workers in 

Russia. Photo by Joye Photography.
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eral years, H2H medical teams have been sent 
to the Samara region. More recently, medical 

Because of excellent surgical outcomes 
over the past 18 years, the St Petersburg area 
has an ever-increasing population of adults 
with congenital heart disease. Mayo Clinic 
Rochester has played a major role in the de-
velopment of an adult congenital heart cen-
ter to serve these patients. During the past 3 
years, Dr Cetta and Heidi M. Connolly, MD, a 
cardiologist at Mayo Clinic Rochester special-
izing in adult congenital heart disease, have 
facilitated training of Russian physicians in 
the clinical recognition, echocardiographic as-
sessment, interventional catheterization, and 
other therapeutic techniques required for the 
ongoing care of these patients. 

In addition to on-site patient care, during 
every H2H mission, H2H medical volunteers 
also participate in an extensive educational 
program, including lectures and demonstra-
tions provided by the American medical spe-

-
gram is not measured by the number of surgi-
cal procedures or interventional catheteriza-
tions that are performed during each mission, 
but by the number and outcomes of procedures 
performed by our Russian colleagues after the 
H2H team leaves,” says Dr Cetta. Members 

invigorating and educational, and they have 
developed a profound respect for Russian col-
leagues who deliver dedicated care to their 
patients, despite outdated and underserviced 
equipment and facilities. “Our Russian col-
leagues are truly the heroes of this endeavor, 

says Dr Cetta.

Carole A. Warnes, MD, has 
received the Mayo Clinic 
Rochester Department of 
Medicine Leadership in 
Education award.

Hartzell V. Schaff, MD, has 
received the Mayo Clinic 
Rochester Distinguished 
Clinician Award.

of Mayo Clinic Rochester, 
-

ceived a Wenger award for 
“Excellence in Healthcare” 
at the WomenHeart 2007 
meeting.
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CONTINUING MEDICAL EDUCATION,
MAYO CLINIC
To request additional information or to register, 
unless noted otherwise, please call 800-323-2688,

Ethical Dilemmas Throughout 
the Medical Spectrum 

Mayo Clinic Interactive 
Surgery Symposium

edu
  
33rd Annual Cardiovascular 
Conference at Snowbird  

Arrhythmias and the Heart  
Mar 10-13, 2008, Kauai, HI

  
Mayo Echocardiography Review Course  

Menopausal Medicine: Care 
for the Mature Female 

18th Annual Advances and 
Controversies in Clinical Nutrition 
Apr 25-27, 2008, Scottsdale, AZ

  
Controversies in Cardiovascular Disease: 
Practical Approaches to Complex 
Problems: Medical and Surgical 

Valvular Heart Disease: New Strategies 

  
Current Topics in Noninvasive 
Cardiovascular Imaging 
Jun 22-27, 2008, La Jolla, CA  

Success With Failure: New Strategies 
for the Evaluation and Treatment 
of Congestive Heart Failure 
Aug 3-6, 2008, Whistler, BC

Mayo Interventional 
Cardiology Board Review 

Mayo Cardiovascular Review Course for 
Cardiology Boards and Recertification 

CONTINUING MEDICAL EDUCATION,
COSPONSORED WITH AMERICAN

SOCIETY OF ECHOCARDIOLOGY
To request additional information or to register, unless 
noted otherwise, please phone 507-266-6703 or e-mail 
echocme@mayo.edu.

18th Annual Echo Hawaii 2008  

13th Annual 2008 Cardiology at Cancun 

Phone: 507-284-9032, e-mail: echocme@mayo.edu
  
21st Annual State-of-the-Art 
Echocardiography
Mar 2-6, 2008, Phoenix, AZ 

15th Annual Echocardiographic Workshop:
2-D & Doppler Echocardiography at Vail  
Mar 9-13, 2008, Vail, CO 

5th Annual Team Echocardiography: 
The Heart of Cardiovascular Disease 
Apr 24-27, 2008, Hilton Head Island, SC
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