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Cardiovascular device therapy has become in-
creasingly commonplace and is now applied not 
only to patients with manifest rhythm distur-
bances but also in anticipation of events (such as 
implantable cardioverter-defibrillators [ICDs] for 
primary prevention) and for improvement in car-
diac function in the absence of cardiac arrhyth-
mia (cardiac resynchronization therapy [CRT]). 
Approximately 400,000 cardiac devices are im-
planted yearly in the US, and it is estimated that 
more than 3 million patients have implanted 
devices. Presently, one of the most vexing and 
morbid complications of device therapy is the 
development of infection.
     The incidence of device infection is low but 
has increased. "Until 2004, the rate of infection 
was constant at approximately 1.5% per year, 
but then it steadily increased to a rate of 2.5% 
per year as reported in 2008," according to Larry 
M. Baddour, MD, chair of the Division of Infec-
tious Diseases at Mayo Clinic in Rochester. This 
increase coincides with the expanded use of 
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ICDs and CRT and is likely related to 
longer procedure times, the increased 
bulk of larger generators, and multiple 
leads, all undermining wound and skin 
integrity.
     Other factors known to be associ-
ated with the risk of device infection 
include chronic renal insufficiency, the 
presence of chronic intravenous lines 
(including dialysis catheters), chronic 
anticoagulation, multiple device leads 
(≥ 3), number of device-related proce-
dures (≥ 3), and immunosuppression, 
either related to an underlying disease 
process or therapy with corticosteroids. 
Early device reoperation (especially 

within days) is associated with the greatest risk 
of infection, increasing it by 15 fold. Also con-
tributing are the increasing longevity of patients 
with devices and the subsequent need for gen-
erator replacement and lead revision.
     Appropriate antibiotic prophylaxis at the time 
of device procedure is a crucial step in device in-
fection prevention. In most centers, cefazolin is 
administered 1 hour prior to device placement 
and is continued for less than 24 hours. In con-
trast, there are no data to support "secondary" 
prophylaxis for patients with devices who un-
dergo dental and other invasive procedures, and 
therefore it is not recommended.
     In the majority of patients (60%), a device in-
fection will involve the device pocket. "The most 
obvious sign is a pocket abscess, but the present-
ing symptoms may be subtle, such as pocket 
erythema, induration, or pain," says Michael J. 
Osborn, MD, electrophysiologist at Mayo Clinic 
in Rochester. "The latter symptom should not be 
overlooked, as pocket pain persisting for more 
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than a few days postprocedure or developing af-
ter a symptom-free period is extremely unusual 
and should be vigorously evaluated." A draining 
sinus is a very common manifestation of pocket 
infection. Those that develop shortly after a de-
vice procedure may represent stitch abscesses, 
which may respond to antibiotics and careful re-
moval of protruding suture material. Any more-
aggressive therapy should be avoided.
     A chronic draining sinus, especially one that 
develops late after a procedure, is worrisome. 
If the sinus has clear communication with the 
pocket or if more pronounced pocket erosion 
occurs, the entire pocket should be considered 
contaminated, and the device and leads should 
be removed. If there is no clear communication 
with the pocket, a trial of appropriate antibiotic 
therapy is reasonable as long as there are no 
signs of systemic infection (chills, fever, or valve 
or lead endocarditis seen on an echocardiogram). 
If the sinus does not heal or recurs after therapy, 
the device should be managed as an infection.
     In about 40% of patients, bloodstream infec-
tion occurs as the only sign of device infection. 

Heart Rhythm Services
Mayo Clinic in Rochester, Minnesota

Douglas L. Packer, MD, Director

Michael J. Ackerman, MD, PhD‡ 
Samuel J. Asirvatham, MD
Barry A. Boilson, MD
David J. Bradley, MD, PhD
Peter A. Brady, MB, ChB, MD 
Bryan C. Cannon, MD‡
Yong-Mei Cha, MD
Freddy Del Carpio Munoz, MD*
Raul E. Espinosa, MD
Paul A. Friedman, MD 
Bernard J. Gersh, MB, ChB, DPhil
David L. Hayes, MD
Suraj Kapa, MD
Margaret A. Lloyd, MD, MBA
Christopher J. McLeod, MB, ChB, PhD
Siva K. Mulpuru, MD
Thomas M. Munger, MD
Peter A. Noseworthy, MD
Michael J. Osborn, MD
Robert F. Rea, MD
Andre Terzic, MD, PhD

Donna M. Kania-Lachance, RN, CNP
Charissa L. Koski, RN, CNP
Jill J. Nagel, PA-C
Jill M. Olmscheid, RN, CNP
Danielle M. VandeBerg, PA-C
*Mayo Clinic Health System
‡Pediatric Cardiology

Infectious Diseases
Mayo Clinic in Rochester, Minnesota

Larry M. Baddour, MD, Chair

Andrew D. Badley, MD
Elie F. Berbari, MD
Nathan W. Cummins, MD
Ala S. Dababneh, MD
Mark J. Enzler, MD
Mary J. Kasten, MD
Michael R. Keating, MD
William F. Marshall, MD
Douglas R. Osmon, MD
Eric M. Poeschla, MD
Raymund R. Razonable, MD
Stacey A. Rizza, MD
Priya Sampathkumar, MD
Irene G. Sia, MD
M. Rizwan Sohail, MD
James M. Steckelberg, MD
Zelalem Temesgen, MD
Rodney L. Thompson, MD
Pritish K. Tosh, MD
Bharath Raj Varatharaj Palraj, MBBS
Abinash Virk, MD
Randall C. Walker, MD
Mark P. Wilhelm, MD
John W. Wilson, MD
Walter R. Wilson, MD
Alan J. Wright, MD

Bloodstream infection due to staphylococci or 
relapsing bloodstream infection should prompt 
concern for device infection, even when the 
pocket site appears normal. "Echocardiography 
should be done to determine if there is evidence 
for complicating valve infection. The finding of a 
mobile mass on an intracardiac lead is much less 
reliable as a sign of lead infection, as many leads 
develop an irregular fibrinous coating over time 
in noninfected patients," says Dr Osborn. Device 
infection requires complete system removal for 
attempted cure. Antibiotic therapy without com-
plete device and lead removal is associated with 
an increase in 30-day mortality.
     Despite proper therapy, there is still a sig-
nificant mortality risk with infection, especially 
when associated with staphylococcal bacteremia. 
The in-hospital mortality rate following success-
ful extraction of an infected system ranges from 
3% to 11% with a posthospital (up to 2-year) 
mortality rate of 10% to 20%. The risk of death is 
2 to 3 times higher in patients with staphylococ-
cal bacteremia compared to infection limited to 
the pocket. This significant mortality risk is re-

Figure.  A stepwise approach to management of suspected cardiovascular implantable electronic 
device infection in adults based on most recent guidelines. (Circulation 2010;121:458-77.)
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lated to the virulence of the organism and also 
frequently to delays in delivery of appropriate 
therapy because of slow recognition of the infec-
tion, delays in device removal, and attempts at 
more-conservative therapy.
     "Patients with devices who present with 
staphylococcal bacteremia have a high incidence 
of associated device infection and should be 
evaluated promptly by physicians with expertise 
in infected device removal," says Dr Baddour. In 
contrast, patients with gram-negative bactere-
mia have associated device infection much less 
frequently, and as a result device removal can 
be delayed to allow assessment of appropriate 
antibiotic therapy if there is no other evidence 
of device infection. Obvious signs of pocket site 
infection, lead endocarditis, valve endocarditis, 
or relapsing or sustained bloodstream infection 
despite antibiotic therapy should be managed 
aggressively with complete device removal.
     The Heart Rhythm Society and American Col-
lege of Cardiology have established appropriate-
ness criteria for lead extraction in patients with 
infections based on prior experience managing 
patients in a more-conservative fashion (Figure). 
Complete extraction is recommended in any def-
inite device infection: valve or lead endocarditis, 
bloodstream infection and associated pocket 
infection (abscess erosion or chronic draining 
sinus), and an occult gram-positive bacteremia. 
Extraction is reasonable in patients with persis-
tent gram-negative bacteremia. Extraction is not 
recommended when there is no clear evidence of 
pocket infection or in the rare patients who have 
a significant underlying morbidity that would 
preclude aggressive therapy.
     There is a standard approach to lead extrac-
tion in patients with infection. Blood cultures are 
obtained when a diagnosis of device infection is 
suspected. The pocket is opened and inspected. 
If there is obvious infection, the pocket is exten-
sively debrided, and tissue is sent for microbio-
logic studies. The leads are dissected free of all 
fibrous material within the pocket and from the 
sleeves that anchor them to the pectoralis mus-
cle. Stylets are inserted, and extraction by trac-
tion is attempted. If this is not entirely successful, 
the proximal portions of the leads are amputated, 
and a locking stylet is inserted into the lead and 
advanced under fluoroscopic control to the distal 
tip of the lead and locked in place. Traction is at-
tempted again, and if not successful, a powered 
sheath (typically a laser sheath) is advanced over 
the lead to the first area of resistance or binding 
scar. The laser is activated until the fibrous tissue 
is ablated, and the sheath is then advanced to 
the next area of binding scar, with the process re-
peated until the lead is freed and removed from 
the heart. The extracted device and leads are sent 
for microbiologic studies.

     Power extraction tools have improved the rate 
of successful lead removal. In the past 20 years at 
Mayo Clinic in Rochester, 97.3% of all leads have 
been completely removed. Approximately 1% of 
leads have been incompletely removed, leaving a 
very small segment firmly attached to the endo-
cardium. In 1.5% of patients, leads could not be 
removed transvenously and required surgical in-
tervention. "Virtually all leads that have been in 
place for less than 5 years have been completely 
removed successfully," says Dr Osborn. "For 
leads that have been in place for more than 5 
years, the success rate for complete lead removal 
is approximately 92%."
     The rate of potentially life-threatening compli-
cations, however, remains between 2% and 3%. 
These include innominate vein or superior vena 
cava laceration, cardiac perforation, requirement 
for emergent (rescue) surgery, pericardial effu-
sion requiring intervention, blood loss requiring 
transfusion, deep venous thrombosis, tricuspid 
valve damage resulting in significant regurgita-
tion, ventricular arrhythmias requiring interven-
tion, pulmonary embolism, cerebrovascular acci-
dent, transient respiratory failure, transient renal 
failure, and axillary or subclavian venous bleed-
ing requiring surgical intervention. Laceration of 
the superior vena cava accounts for more than 
60% of procedural mortality. Cardiac perforation 
and consequent emergent surgery accounts for 
the majority of the other deaths.

RECOGN I T I O N

Win-Kuang Shen, MD (center), chair of the Division of Cardiovascular Diseases 
at Mayo Clinic in Arizona, received the 2013 Medal of Honor from the Alumni 
Association of New York Medical College for his extraordinary achievements as 
an internationally recognized teacher, researcher, and clinician. The award was 
presented in New York City by John Cosgrove, MD (left), representing the Board of 
Governors of New York Medical College, and Henry Saphier, MD (right), president 
of the Alumni Association.
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The Mechanical Circulatory Assist Device Pro-
gram at Mayo Clinic in Rochester was formally 
established in 2007 to address the needs of an 
advanced heart failure population demonstrated 
to benefit from such support even in the absence 
of proceeding to transplant. Until then, no more 
than 10 left ventricular assist devices (LVADs) 
had been implanted in any single year at Mayo 
Clinic in Rochester. This year, the program cele-
brated the 200th continuous-flow LVAD implant 
since 2007; to date, a total of 223 long-term con-
tinuous-flow LVADs have been implanted, and 
4 patients with biventricular heart failure have 

Mechanical Circulatory Assist Device Program 
at Mayo Clinic in Rochester 
Lessons Learned From the First 200 LVAD Implants and Beyond

received total artificial hearts with sub-
sequent heart transplantation.

A Unique Patient Population
LVAD therapy can be offered to pa-
tients with advanced heart failure ei-
ther as a bridge to transplant or des-
tination therapy (in patients who are 
not transplant candidates). Bridge-
to-transplant patients will remain on 
device therapy until a donor heart 
becomes available and they undergo 
transplantation. Destination therapy 
patients receive the device and re-
main on device support for the rest of 
their lives. Patients who are bridge-
to-transplant candidates tend to be 

younger and without serious comorbid con-
ditions; patients who are destination therapy 
candidates tend to be older and often possess 
various comorbid conditions that preclude them 
from being considered for transplant. In some 
cases, LVAD therapy can modify a comorbid 
condition such that a patient can become suit-
able for transplant, such as in the reversal of se-
vere pulmonary hypertension. This is referred to 
as the bridge-to-decision strategy.

The majority of centers implant LVADs for 
patients as a bridge to transplant. In contrast, the 
majority of patients at Mayo Clinic receive LVAD 
therapy as destination therapy. "Subsequently, 
compared to all the clinical trials reporting re-
sults for device therapy, our patients on average 
are 5 to 10 years older at the time of implant and 
have more comorbidities, such as compromised 
pulmonary and renal function," according to 
John M. Stulak, MD, transplant surgeon at Mayo 
Clinic in Rochester. nevertheless, outcomes par-
allel and often exceed those reported in clinical 
trials (Figure).

The etiology of heart failure in the majority 
of patients is either ischemic or idiopathic di-
lated; however, there is an increased frequency 
of patients with end-stage congenital heart dis-
ease, restrictive and hypertrophic cardiomyopa-
thy, and senile amyloidosis. These diagnoses are 
quite challenging when it comes to considering 
device therapy, and the patient selection process 
is continually refined when considering device 
therapy in these patients.

Patient Selection for LVAD Therapy
"In general, selecting the appropriate patients 
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Figure.  Survival for patients following continuous-flow implantation as bridge to 
transplant and destination therapy at Mayo Clinic in Rochester are shown superim-
posed upon historical survival curves for pulsatile- and continuous-flow pumps from 
the landmark trials (labeled accordingly).

1.0 –

0.9 –

0.8 –

0.7 –

0.6 –

0.5 –

0.4 –

0.3 –

0.2 –

0.1 –

0.0 –l l l l l
0 6 12 18 24

Months Since Randomization

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

P=0.008 by the log-rank test

Continuous-flow LVAD
Pulsatile-flow LVAD

Bridge to Transplant
Destination Therapy



MAyO CLInIC  |  CardiovascularUpdate      5 

for LVAD therapy is critical, as patient condition at 
the time of presentation is very closely tied to early 
and late outcomes," says John A. Schirger, MD, 
transplant cardiologist at Mayo Clinic in Roch-
ester. "When referral is very late in the disease 
process, patients are at significantly higher risk of 
early mortality and prolonged hospitalization." 
Identifying a patient who has a poor prognosis 
and poor functional capacity with or without re-
cent hospitalizations allows for patients to under-
go implantation with lower early risk. End-organ 
derangements are adverse predictors of outcome, 
as is poor nutritional status manifested as cardiac 
cachexia. Device therapy is best instituted elective-
ly, and early referral with close follow-up allows 
for optimizing timing of LVAD implantation.

In the case of a significantly decompensated 
patient with more severe end-organ dysfunction, 
temporary mechanical support can be utilized to 
ascertain whether long-term LVAD therapy is ap-
propriate. LVAD therapy should not be viewed 
simply as an alternative to death, but rather as a 
bridge to life and indeed an improved quality of 
life. Early referral and appropriate timing of im-
plant helps in the attainment of these goals.

A team of cardiologists, surgeons, coordina-
tors, nurses, and social workers are involved in the 
preoperative evaluation of patients with advanced 
heart failure; team members are available 24/7 for 
evaluation of potential LVAD patients. Additional-
ly, potential LVAD recipients meet with a palliative 
care team prior to implantation. Traditionally, pal-
liative care teams have been engaged during end 
of life for comfort care, but Mayo Clinic has been 
at the forefront of utilizing these skill sets preop-
eratively to review and discuss goals of care and 
methods of enhancing quality of life after LVAD 
implant.

Follow-up, Lifestyle Modifications,   
and LVAD-related Complications 
Close collaboration with local physicians is re-
quired in caring for patients following LVAD im-
plantation. Team members at Mayo Clinic in Roch-
ester have provided training at facilities in the care 
area regarding the special needs of these patients. 
Additionally, a standardized protocol has been de-
veloped to ensure appropriate scheduling of fol-
low-up tests and visits. In between visits at Mayo 
Clinic, the team maintains very close contact with 
local physicians to coordinate the LVAD patient's 
care.  
     After LVAD implantation, patients have normal 
postsurgical activity restrictions with some par-
ticular additions unique to the LVAD. Patients are 
counseled to avoid static electricity, soaking and 
submerging in water (due to the infection risk of 
the percutaneous driveline), sleeping in a prone 
position, and driving. While there are no specific 
laws regarding driving, it is recommended that 

patients not drive after LVAD implantation due to 
uncertain liability in the event of a motor vehicle 
accident. Travel, especially internationally, also 
poses problems. Issues of power conversion, med-
ical letters, airline notification, security clearance, 
and notification of local LVAD centers in proxim-
ity to the patient's destination need to be resolved 
prior to travel abroad.  
     While on device support, patients can expe-
rience an array of LVAD-related medical issues 
that may require attention. These include bleeding 
(most commonly gastrointestinal), arrhythmias, 
hemolysis, thromboembolic events (stroke or 
pump thrombosis), right ventricular failure (mani-
fested by fluid retention and renal insufficiency), 
and "suction events" (rapid drops in pump speed 
followed by an increase to the set value). 
     Despite these challenges, patients report an im-
proved quality of life in addition to clearly demon-
strable improvements in survival and exercise ca-
pacity. 

Future Directions
Advances in the field of mechanical circulatory 
support are focused in 2 areas: device innovation 
and refinement in patient selection. In terms of de-
vice innovation, there is continued miniaturization 
of pumps and improvements in design such that 
enhanced biocompatibility will hopefully translate 
into increased durability. The team at Mayo Clinic 
in Rochester has been active in all major device tri-
als to date and is participating in upcoming device 
trials. In terms of patient selection, there is cur-
rent research focusing on the application of LVAD 
therapy in less-ill individuals. Currently, patients 
are considered candidates for LVAD therapy when 
in nyHA Functional Class IV (and select patients 
in late nyHA Functional Class IIIB). Both the 
ROADMAP and REVIVE-IT clinical trials focus on 
rigorously evaluating LVAD therapy in more func-
tional individuals.

The VAD Generation
With the dramatic increase in the application of 
LVAD therapy worldwide, there will be unmet 
clinical needs for these patients. In order to ad-
equately care for these patients, more rehabilita-
tion units, dialysis units, care facilities dealing 
with senility, wound centers, and nutrition centers 
(just to name a few) will need to have specialty 
training to effectively care for LVAD patients. The 
"VAD generation" is a group of patients who are 
no longer facing death as a result of heart failure 
and are subsequently aggregating into a consider-
able subset of geriatric medicine. They have special 
needs and circumstances that are not necessarily 
understood by the general public, medical society, 
or even family members. Awareness of these many 
issues is crucial to ensure that their needs are able 
to be met.
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Degenerative mitral regurgitation due to leaflet 
prolapse is common and can be surgically repaired 
in the vast majority of patients, thus improving 
symptoms and restoring normal life expectancy. 
Despite the safety and efficacy of contemporary 
mitral valve repair, an ongoing international de-
bate persists regarding the need for early inter-
vention in patients without class I indications 
(that is, individuals with no or minimal symp-
toms and normal left ventricular function).

This debate is in part propagated by con-
flicting views of the prognostic consequences of 
uncorrected severe mitral regurgitation—con-
sidered as benign by those supporting medical 
"watchful waiting" (until a distinct event occurs) 
versus conveying excess mortality and morbid-
ity (including heart failure and atrial fibrillation) 
by those advocating early surgical intervention. 
The controversy is further reflected in current 
consensus statements, which classify early mi-
tral valve repair as a Class IIa recommendation 
(preponderance of evidence in favor) in north 
America and Class IIb (not favored) in Europe.

Mayo Clinic Leads Multinational Study Establish-
ing Benefit of Early Surgical Correction of Mitral 
Valve Regurgitation

Watchful waiting has recently come under 
renewed scrutiny, however, due to emerging 
evidence that a growing number of centers can 
now achieve high (> 90%) mitral valve repair 
rates with very low operative risk (< 0.5%), and 
increasing recognition that awaiting incipient 
symptoms or ventricular dysfunction prior to in-
tervention may be associated with excess long-
term mortality and heart failure despite eventual 
"rescue surgery." Although single-center data 
have suggested that early surgery is beneficial, 
the long-term consequences of currently inter-
preted and applied guidelines in diverse "real-
world" tertiary care practices are unknown.

To understand the comparative effective-
ness of early surgery versus initial conservative 
management strategies, Rakesh M. Suri, MD, 
DPhil, cardiovascular surgeon at Mayo Clinic 
in Rochester, Maurice E. Sarano, MD, cardiolo-
gist at Mayo Clinic in Rochester, and coauthors 
from 5 other international centers analyzed data 
from the Mitral Regurgitation International Da-
tabase (MIDA). This database is a multicenter, 
multinational registry of echocardiographically 
diagnosed mitral regurgitation due to flail leaf-
lets. They tested the null hypothesis that these 
therapeutic approaches are associated with simi-
lar late outcomes.

"The results showed that mitral valve sur-
gery provided significant benefits over watchful 
waiting once patients have severe regurgita-
tion as documented by a reliable surrogate, the 
identification of a flail leaflet," says Dr Suri, the 
lead author. "This is perhaps counter-intuitive 
to patients because they often assume that they 
should be more severely affected before they 
need surgery. Actually, the opposite is true. Once 
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RECOGN I T I O N
Stephen L. Kopecky, MD (center), cardiologist at Mayo Clinic in 
Rochester, received the Jan J. Kellermann Memorial Award for 
distinguished work in the field of cardiovascular disease preven-
tion. Presenting the award at the annual meeting of the Inter-
national Academy of Cardiology were Asher Kimchi, MD (left), 
clinical chief of the Division of Cardiology and medical director 
of the Preventive and Consultative Heart Center of Excellence at 
the Cedars-Sinai Heart Institute in Los Angeles, California, and 
founder and chairman of the International Academy of Cardiol-
ogy, and John A. Elefteriades, MD (right), director of the Yale 
Center for Thoracic Aortic Disease and chief of cardiothoracic 
surgery at Yale University and Yale-New Haven Hospital.
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a patient with severe mitral regurgitation due to 
flail leaflet has surgery, even without symptoms, 
long-term benefits are observed with only a very 
low upfront risk. In other words, surgery is pro-
tective in that it increases long-term survival and 
decreases the risk of heart failure if performed 
promptly following diagnosis."

In the study of 1,021 patients with severe 
mitral valve regurgitation without symptoms or 
other classical indications for surgery (heart fail-
ure or left ventricular dysfunction), 446 under-
went mitral valve repair surgery within 3 months 
of diagnosis, while 575 had an initial medical 
monitoring while surgery remained a possible 
later option. Participants were followed for an 
average of 10 years, the longest of any previous 
study examining the question of when to operate.

Long-term survival rates were higher (Fig-
ure 1) for patients who had surgery within 3 
months of diagnosis compared with those who 
were medically managed for the initial 3 months 
following diagnosis (86% versus 69% at 10-year 
follow-up). In addition, long-term heart failure 
risk was lower (Figure 2) for patients who had 
surgery early (7% versus 23% at 10-year follow 
up). There was not a difference between the 2 
groups for late-onset atrial fibrillation, which is 
another concern for patients with severe mitral 
valve regurgitation.

"In the past, the risk of surgery and compli-
cations was greater, and watchful waiting made 
more sense," says Dr Sarano. But today, referent 
valve centers have a greater than 95% success 
rate for mitral valve repair. In addition, the oper-
ative risk of death today is less than 0.1%, while 
it was more than 10 times higher in the 1980s. 
"The results were of a magnitude greater than 
expected and were strikingly consistent using 3 
robust statistical methods," reports Dr Suri.

Figure 1.  Survival curves of individuals treated with early mitral valve repair 
versus those with medical management. Absolute survival numbers listed below the 
graph. Improved survival was observed in those treated with early surgical interven-
tion throughout the study period.
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Figure 2.  The cumulative risk of developing congestive heart failure with early mitral 
valve repair was vastly lower than the risk in those individuals initially treated with 
medical management. Absolute numbers of affected individuals listed below the graph.
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RECOGN I T I O N
Clifford D. Folmes, PhD, re-
ceived the 2013 Edward C. 
Kendall Mayo Clinic Alumni 
Association Award for Merito-
rious Research. The Kendall 
Award recognizes outstanding 
research conducted by an indi-
vidual in training whose primary 
appointment is in research.

Dr. Folmes is a senior research 
fellow in the Division of Cardiovascular Diseases at Mayo Clinic in 
Rochester, and his discoveries shed light on how energy metabolism 
fuels stem cell identity. This new knowledge is critical for translation 
of stem cell technologies into repair solutions. Dr. Folmes' work has 
been conducted in association with Andre Terzic, MD, PhD, director of 
the Mayo Clinic Center for Regenerative Medicine.

RECOGN I T I O N

From left, Niti R. Aggarwal, MD; Dawn C. Scantlebury, MBBS; LaPrincess C. 
Brewer, MD; and Mothilal Sonia Jain, MBBS, fellows in the cardiovascular train-
ing program at Mayo Clinic in Rochester, received the American Heart Associa-
tion's Women in Cardiology Trainee Awards for Excellence. This award encour-
ages and recognizes outstanding academic and clinical performance in women 
cardiology fellows during cardiovascular-related specialty training.
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Mayo Clinic Cardiology Update at South 
Beach: A Focus on Prevention 
Jan 8-11, 2014, Miami Beach, FL

Building the Heart Team —  
Valve and Structural Heart Disease 
Jan 16-19, 2014, Fort Lauderdale, FL

Arrhythmias & the Heart:  
A Cardiovascular Update 
Jan 27-31, 2014, Big Island, HI

39th Annual Cardiovascular  
Conference at Snowbird 
Feb 3-6, 2014, Snowbird, UT

Hawaii Heart 2014: Case-Based Clinical  
Decision Making Using Echocardiography  
and Multimodality Imaging 
Feb 3-7, 2014, Kauai, HI

21st Annual Echocardiographic Workshop on 
2-D and Doppler Echocardiography at Vail 
Mar 10-13, 2014, Vail, CO

Heart Failure Management for NPs, PAs,  
and Primary Care Providers 
Mar 20-22, 2014, Orlando, FL

Echo Revolution 
Apr 4-6, 2014, Boston, MA

Case Studies from the Heart of Manhattan:  
A Mayo Clinic Cardiovascular Update 
Apr 10-12, 2014, New York, NY

Mayo Echocardiography Review Course for 
Boards and Recertification 
Apr 26-29, 2014, Rochester, MN

Mayo Clinic Update in Echocardiography:  
Role of Echo from Prevention to Intervention 
Apr 2014, Phoenix, AZ

Echo Fiesta: An In-depth Review of Adult 
Echocardiography for Sonographers and 
Physicians 
May 1-4, 2014, San Antonio, TX

Basic to Advanced Echocardiography:  
From the Riverbanks of Savannah 
May 14-17, 2014, Savannah, GA

Cardiac Rhythm Device Summit: Implantation, 
Management, and Follow-up 
Jun 13-15, 2014, Chicago, IL

28th Annual Echocardiographic Symposium at 
Vail: New Technologies, Live Scanning, and 
Clinical Decision Making 
Jul 20-24, 2014, Vail, CO
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Cardiology Update 2014: The Heart of the Matter 
Aug 1-3, 2014, Sedona, AZ

Success With Heart Failure: Strategies for the  
Evaluation and Treatment of Heart Failure in  
Clinical Practice 
Aug 11-13, 2014, Dana Point, CA

18th Annual Mayo Clinic Cardiovascular Review 
Course for Cardiology Boards and Recertification 
Including Pre-Course Echo Focus Session 
Aug 15-20, 2014, Rochester, MN

Pediatric Cardiology 2014 Review Course 
Aug 17-22, 2014, Dana Point, CA

Electrophysiology Review for Boards and  
Recertification: Transeptal and Epicardial  
Workshop and Conference
Sep 5-8, 2014, Rochester, MN

Challenges in Clinical Cardiology 
Sep 12-14, 2014, Chicago, IL

11th Annual Mayo Clinic Interventional  
Cardiology Board Review 
Sep 26-28, 2014, Rochester, MN

Echo at the Arch: Practical Review of  
Ischemic and Myopathic Heart Disease 
Fall 2014, St. Louis, MO

SyMpoSia

Mayo Clinic Satellite Educational  
Symposia at ACC 2014
Mar 29-Apr 1, 2014, Washington, DC
Symposia to be announced

Mayo Clinic Satellite Education  
Symposia at ASE 2014
Jun 21-24, 2014, Portland, OR
Symposia to be announced

international MeetingS

Mayo Clinic Cardiovascular Reviews in Bahrain
Jan 22-25, 2014, Manama, Bahrain

19th Annual Cardiology at Cancun:  
Topics in Clinical Cardiology
Feb 24-28, 2014, Cancun, Mexico

British Cardiovascular Society: Cases,  
Controversies and Updates
Mar 3-7, 2014, Royal College of Physicians,  
London, England
www.bcs.com

Mayo Clinic International Vascular Symposium
Mar 27-29, 2014, Buenos Aires, Argentina
www.mayo.edu/cme/internationalvascular2014

CardiovaSCular Self-Study 
https://cardiovascular.education-registration.com/
selfstudy

Contact us
Mayo Clinic welcomes inquiries and referrals, 
and a request to a specific physician is not 
required to refer a patient.

 Arizona
 866-629-6362

 Florida
 800-634-1417

 Minnesota
 800-533-1564

Resources
mayoclinic.org/medicalprofs
 Clinical trials, CME, Grand Rounds,  
  scientific videos, and online referrals


