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PARTNER Investigators Announce Dramatic

Trial Results

Charanjit S. Rihal, MD, Thoralf M. Sundt 111, MD

Aortic stenosis is becoming increasingly prevalent in
the United States as the population ages. As many as
300,000 individuals in the United States currently have
symptomatic aortic stenosis. Surgical valve replace-
ment, either with tissue or mechanical valve prostheses,
has been the gold standard for treatment of extensive
valve stenosis for many years. Improvements in surgi-
cal technique, durable valve prostheses, and better anti-
coagulation regimens have resulted in excellent patient
survival and functional status. Recently, aortic valve re-
pair has been offered to select patients with good results.
Nevertheless, approximately one-third of individuals
with symptomatic aortic stenosis are not candidates for
open surgical replacement or repair because of their ad-
vanced age, severe comorbid conditions, or both.

The PARTNER Trial (Placement of Aortic Trans-
catheter Valve Trial) is a multicenter, prospective ran-
domized trial comparing in parallel a balloon-expand-
able, stented investigational valve prosthesis (Figure)
placed via the transfemoral or transapical route vs stan-
dard surgical treatment (cohort A) and the same valve

prosthesis vs best medical care (including balloon an-
gioplasty) in patients ineligible for surgical treatment
(cohort B). The trial is being conducted at 21 centers
in the United States, Canada, and Germany, including
the Mayo Clinic campus in Rochester, Minnesota. The
results of this second cohort of 358 patients (cohort B)
have been released; the surgical arm of the trial (cohort
A) is ongoing and results are anticipated in 2011.

Although the 30-day rates of stroke and vascular
complications were higher in the group treated with the
investigational valve, survival at 1 year was dramati-
cally higher in patients receiving the valve compared
with those who received best medical therapy (69.3% vs
49.3%). Furthermore, patients who received the valve
had fewer hospitalizations and better symptom relief
than those receiving standard medical care.

“The survival of the group receiving best medical
care, including balloon valvuloplasty, was essentially
the historical survival rate of patients with severe aortic
stenosis,” says Charanjit S. Rihal, MD, chair of the Di-
vision of Cardiovascular Diseases and a principal inves-
tigator of the study at Mayo Clinic in Rochester. “Medi-
cal therapy had no impact on survival.” He also notes
that some patients are not candidates for the valve be-
cause of characteristics of the valve annulus or because
they have severe peripheral vascular disease. ‘“Valve
design and improved delivery systems should enable
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Figure. Percutaneous prosthetic aortic valve. Valve leaflets are
mounted on a balloon-expandable stent.
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the deployment of percutaneous valves in more of these
patients in the future, with a reduced risk of stroke, vas-
cular damage, and major bleeding.”

Importantly, the results of this cohort should not be
extrapolated to other patient groups. “The long-term du-
rability of this investigational valve is as yet unknown,”
observes Thoralf M. Sundt III, MD, a cardiovascular
surgeon and also a principal investigator of the study at
Mayo Clinic in Rochester. “In patients with low opera-
tive risk, the standard approach to aortic valve replace-

ment and repair may still be the best option. Neverthe-
less, it will be gratifying to have another option to offer
high-risk patients.” The results of the surgical cohort
will provide further insight. Ultimately, trials in other
patient subsets and long-term patient follow-up will de-
termine the role of percutaneous valves in the treatment
of valvular disease.

For further information regarding the PARTNER
Trial at Mayo Clinic, please contact Dr Rihal (507-255-
2440) or Dr Sundt (507-255-7064).

Mayo Investigators Demonstrate Superior Benefit of
Primed Adult Stem Cells in Heart Failure

The potential use of stem cells to promote tissue
regeneration in diseased hearts is an area of keen
interest and intense investigation. Unaltered adult
stem cells have yielded limited benéfit in early clini-
cal trials; new studies by Mayo researchers have
demonstrated that human adult mesenchymal
stem cells, when guided to become procardiogenic,
can produce superior tissue regeneration in the set-
ting of chronic myocardial infarction.

The international multidisciplinary team was led
by Andre Terzic, MD, PhD, Division of Cardiovascular
Diseases, Mayo Clinic in Rochester, Minnesota. In
this study, human mesenchymal stem cells from
sternal bone marrow were retrieved from patients
undergoing coronary artery bypass graft surgery.
These stem cells were then guided to acquire re-
generative potency through a cardiogenic priming
process. Primed mesenchymal stem cells demon-
strated considerable regenerative potential when in-
jected into mice with chronic myocardial infarction.

The ejection fraction and 1-year survival of these
treated mice improved significantly compared with
sham treatment or treatment with unaltered stem
cells. Upregulated cardiac transcription factors
were a molecular characteristic of mesenchymal
stem cells associated with successful cardiopoiesis.

The use of adult stem cells in prior studies has
yielded conflicting outcomes, limiting broad appli-
cation. This study importantly provides an explana-
tion for this disparity; that is, cells from different
individuals have differing reparative capacity. Fur-
thermore, molecular characteristics can be identi-
fied in harvested stem cells that predict reparative
success and therapeutic efficacy. According to Dr
Terzic, nonreparative stem cells can be converted
into reparative counterparts through the innovative
process of guided cardiopoiesis, an approach cur-
rently tested in an ongoing clinical trial in patients
with chronic ischemic cardiomyopathy.
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Samuel J. Asirvatham, MD, Peter A. Brady, MD, Sunil V. Mankad, MD, Rick A. Nishimura, MD, and Brian D. Powell, MD, received 2010 Outstanding

Teacher of the Year Awards presented by the cardiovascular disease fellows.



Expanding Indications for Cardiac
Resynchronization Therapy to Treat

Congestive Heart Failure

-

Margaret M. Redfield, MD, Brian D. Powell, MD

Cardiac resynchronization therapy (CRT) has been
used clinically to treat patients with congestive heart
failure (CHF) for almost a decade. Many patients
with CHF have electrical conduction delay, as evi-
denced electrocardiographically by a prolonged QRS
duration. In certain patients, this electrical conduc-
tion delay results in dyscoordinate contraction of
the ventricular septum and left ventricular free wall,

MADIT-CRT Trial Criteria

e Ischemic (NYHA I-II)

e Nonischemic (NYHA )
® EF <30%

* QRS >130 ms

No. at risk
ICD only 731 621 (0.89) 379(0.78) 173(0.71) 43(0.63)
CRT-D 1,089 985(0.92) 651 (0.86) 279 (0.80) 58 (0.73)

Figure 1. Survival probability in the MADIT-CRT trial. The diagnosis of heart failure, which was made by
physicians who were aware of study group assignments, required signs and symptoms consistent with
CHF that was responsive to intravenous decongestive therapy on an outpatient basis or an augmented
decongestive regimen with oral or parenteral medications during an in-hospital stay. EF represents
ejection fraction; ICD, implantable cardioverter-defibrillator; CRT, cardiac resynchronization therapy;
CRT-D, cardiac resynchronization therapy defibrillator; NYHA, New York Heart Association. Adapted,
with permission, from Moss et al, N Engl J Med 2009;361:1333.

leading to decreased ventricular systolic function.
CRT pacemakers (and defibrillators) resynchronize
the ventricles by simultaneously pacing the right and
left ventricles via a pacing lead in the coronary sinus
branches.

“The initial randomized clinical trials demon-
strated improved left ventricular systolic function,
fewer hospitalizations for heart failure, and improved
survival in patients randomly assigned to CRT com-
pared with those who received medical therapy
alone,” says Brian D. Powell, MD, an electrophysi-
ologist at Mayo Clinic in Rochester. Approximately
70% of patients experience improvement in heart
failure symptoms with CRT. Enrollment in previous
trials was limited to patients with New York Heart
Association (NYHA) class III-IV heart failure symp-
toms, QRS wider than 120 milliseconds, and ejec-
tion fraction (EF) less than 35%, on optimal medical
therapy. Until recently, it was unknown if CRT would
benefit patients with NYHA class I-II heart failure
Symptoms.

Many patients with NYHA class I-II symptoms
meet criteria for placement of an implantable cardio-
verter-defibrillator (ICD) as primary prevention to
lower their risk of sudden death. Should these mildly
symptomatic patients receive a CRT defibrillator
(CRT-D) at the time of the primary prevention ICD
placement if they have a wide QRS interval? Many
of these patients eventually progress to NYHA ITI-IV
symptoms over time. Should “upgrading” the device
to a CRT-D be deferred until symptoms progress,
or should the initial device be a CRT-D while their
heart failure symptoms are mild? Two recently com-
pleted trials—MADIT-CRT (Multicenter Automatic
Defibrillator Implantation Trial With Cardiac Resyn-
chronization Therapy) and REVERSE (Resynchro-
nization Reverses Remodeling in Systolic Left Ven-
tricular Dysfunction) —evaluated the effect of CRT
on patients with minimal or mild CHF symptoms
(NYHA class I-1I). The larger MADIT-CRT trial ran-
domized more than 1,800 patients with EF less than
30%, QRS wider than 130 milliseconds, and NYHA
class I-II to CRT-D or to standard ICD alone. Patients
in the CRT-D group had a significant reduction in the
combined end point of death or heart failure hospital-
ization (25% for the ICD group vs 17% for the CRT-
D group; P=.001) (Figure 1). “The difference in the
combined end point was primarily driven by fewer
heart failure hospitalizations in the CRT-D group,”
according to Margaret M. Redfield, MD, director of
the Heart Failure Clinic at Mayo Clinic in Rochester.
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The CRT-D group also had improved EF at follow-
up compared with the ICD group. Subgroup analyses
of both the MADIT-CRT and REVERSE trials sug-
gested that patients with QRS wider than 150 mil-
liseconds were more likely to benefit from CRT-D
compared with an ICD alone (Figure 2).

Based on the results of these 2 trials, the US
Food and Drug Administration approved a new in-
dication for CRT-D for ischemic cardiomyopathy pa-
tients with NYHA class I or greater heart failure or
for nonischemic cardiomyopathy with NYHA class
IT or greater, including all patients with EF less than
30%, QRS wider than 130 milliseconds, and left
bundle branch block. The requirement of left bundle
branch block was based on subgroup analysis. This
new indication expands the use of CRT-D to patients
with less symptomatic heart failure.

Do patients with CHF and narrow QRS ben-
efit from CRT? Initial single-center, nonrandomized
case series reported improvement in left ventricular
function in patients with CHF and narrow QRS who

received CRT. The theory was that the QRS dura-
tion on electrocardiography may not accurately de-
tect electrical dyssynchrony that may benefit from
CRT. This was primarily driven by the perception of
ventricular dyssynchrony as measured by echocar-
diographic tissue velocity parameters. These param-
eters have since been found to be less reproducible
and reliable than previously thought. Data from the
PROSPECT (Predictors of Response to CRT) trial
and the Mayo Clinic Cardiac Resynchronization
Registry found that dyssynchrony as measured by
echocardiography (tissue velocity, M-mode, pulsed
wave Doppler) did not adequately correlate with
patients’ clinical improvement or improvement in
ventricular function. The RethinQ (Resynchroniza-
tion Therapy in Normal QRS) trial randomized pa-
tients with NYHA class III symptoms, EF less than
35%, narrow QRS (<130 milliseconds), and echo-
cardiographic evidence of dyssynchrony to receive
an ICD alone or CRT-D. There was no significant
difference in the primary end point of improvement

in peak oxygen consumption at

Hazard ratio

6 months. At this time, there is

no conclusive evidence to sup-

port the use of CRT in patients

I with a narrow QRS duration of
less than 120 milliseconds.

In summary, patients with

EF less than 35%, QRS wider

ICD only better than 120 milliseconds, and

MADIT-CRT
Variable Events/Patients
1

QRS duration 1
<150 ms 147 / 645
>150 ms 225/1,175 ——l-
REVERSE CRT-D better
Variable Patients
QRS interval
<152 ms 303
>152 ms 307 - E—

CRT-ON better

NYHA IHI-IV CHF symptoms
on optimal medical therapy
should be considered for CRT.

) |
Recent randomized studies sup-
port expanding the use of CRT
for patients with NYHA class
CRT-OFF better I-I symptoms, EF less than

30%, and QRS wider than 130

Figure 2. Heart failure risk by QRS duration. Benefit from resynchronization therapy is

demonstrated only in patients with widened QRS.

milliseconds.

NEW AT MAYO CLINIC

New Online Scholarly Opportunities for Physicians

Are you enrolled? Online Services for Referring
Physicians is a secure, user-friendly Web site that
provides a window into the care of your patients
referred to Mayo Clinic. It allows health care pro-
viders to make appointment requests electroni-
cally 24 hours a day, 7 days a week and view/print
Mayo Clinic medical documents for patients re-
ferred through Online Services. These reports can
include consultative and surgical notes, laboratory

and radiology reports, and hospital discharge sum-
maries.

To find Online Services or to view a demonstra-
tion, go to www.mayoclinic.org/online-services and
click on the Physicians Outside Mayo Clinic tab.

Nichole Nicholas at the Referring Physicians Of-
fice is available to address concerns by phone
at 800-881-9764 or by e-mail at nicholas.nichole@
mayo.edu.



Richard C. Daly, MD

Hybrid Approach to Coronary Artery Disease

The options for revascularization in patients
with coronary artery disease (CAD) increas-
ingly appear to be in direct competition with
each other. The long-established role of coro-
nary artery bypass graft (CABG) surgery is
being challenged by the outcomes achieved
with percutaneous coronary intervention
(PCI) deploying drug-eluting stents (DESs).
The ongoing SYNTAX (Synergy Between
Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery) Trial compar-
ing CABG to PCI with DES for patients
with multivessel CAD or left main CAD
has shown, in early follow-up, similar early
survival in both treatment groups. The trial
does recognize the limitations of PCI in pa-
tients with complex anatomy in the coronary
lesions (calcification, sequential lesions, bifurcation le-
sions, etc) and suggests more limited durability of PCL

There may be a better way to approach this evolv-
ing field. From the patient’s perspective, it is not a ques-
tion of one technique (provided by one type of special-
ist) “winning out” over another technique (provided by
another type of specialist). Rather, patients expect the
best treatment approach based on their coronary disease,
anatomy, and comorbid conditions with the goals of a
good outcome while minimizing risk and allowing early
return to their normal activities. “A hybrid approach that
would combine the advantages of CABG and the ad-
vantages of PCI might be the optimal approach avail-
able for treating CAD today,” according to Richard C.
Daly, MD, a cardiovascular surgeon at Mayo Clinic in
Rochester.

C L 1

Seeking Patients With Refractory Migraine Headaches

C A L T R 1 A L S

Mayo Clinic is currently seeking patients with refractory migraine head-
aches for entry into a clinical trial. Candidates will be individuals who
are having frequent migraine headaches that have been resistant to at
least 3 different preventive medications. Most patients will be having
at least 1 headache a week. Patients will have a study to determine if
they have a patent foramen ovale (PFO), ie, an open remnant of a com-
munication between the atrial chambers. If so, they will be offered tri-
al entry. The trial will test whether closure of the PFO will help prevent
migraine attacks. Individuals will be randomly assignhed to invasive
closure or continued medical therapy and will be followed for a year.
Principal investigators for this trial, being conducted at Mayo Clinic in
Rochester, Minnesota, are cardiologist Guy S. Reeder, MD, pediatric
cardiologist Donald J. Hagler, MD, and neurologist J. D. Bartleson, MD.
Interested subjects or referring physicians can contact Kelly S. Flood,
RN, at 507-538-9325 for more information regarding this opportunity.

Advantages of PCI

PCI has the obvious advantage of being minimally
invasive with minimal patient discomfort and allowing
early return to normal activity. The approach may also
minimize risk for some potential complications. The
results of the SYNTAX Trial have suggested that the
risk of stroke with PCI is less than that with CABG,
although the 2 treatment groups received different
antiplatelet medical therapy. There has been concern in
the past that the durability of PCI may be less than that
with CABG, with increased need for later interventions.
Although DESs have not been compared directly with
saphenous vein graft (SVG) conduits, current stents
may provide durability that is at least as good as SVG
conduits. Indeed, the Il-year patency rate of SVG
conduits is probably about 85% to 90%, while that for
DESs may be slightly better than 90%. Data on follow-
up with actual angiography are limited, so this
conclusion is inferred from data on the need for
reintervention, but would seem to be reasonably
accurate. Finally, new technology and evolving skills of
interventional cardiologists have allowed a percutaneous
approach to multivessel disease, left main disease, and
more complex coronary lesions.

Advantages of CABG

The clear advantage and most important aspect of
CABG are the use of the left internal mammary artery
(LIMA) bypass graft to the left anterior descending
coronary artery (LAD). The LIMA-to-LAD graft has
been shown to be crucial for optimal long-term survival.
If patent early, the LIMA graft is probably patent
indefinitely, and 10- and 20-year patency rates exceed
90%. Bypass grafts treat the culprit lesions but also
provide prophylaxis against future proximal lesions and
protect the entire zone of vulnerable myocardium in
diffusely unstable coronary endothelium. The
complexity of the coronary lesions is not a factor as it is
in PCI because bypass grafts can be placed around any
type of proximal lesion. CABG can be performed off-
pump, and LIMA-to-LAD anastomosis lends itself to an
off-pump approach because the heart position does not
need to be manipulated excessively. Although it is
controversial, an off-pump approach to CABG probably
does reduce risk of renal insufficiency, pulmonary
injury, and bleeding. Many studies have also shown a
reduced length of hospital stay with off-pump CABG.
Single LIMA-to-LAD grafting performed off-pump
does not require any manipulation of the aorta, and thus
the risk of stroke is minimized.

Single bypass graft of the LIMA to the LAD can
be performed in a minimally invasive manner and off-
pump. The approach is called a minimally invasive



direct coronary artery bypass (MIDCAB) and involves
mobilization of the LIMA with a thoracoscopic or
robotic technique and direct anastomosis of the LIMA
to the LAD through a minimally invasive, 4- to 5-cm
left anterior thoracotomy. Following this procedure,
patients canreturn to work early, the result is cosmetically
acceptable, and length of hospital stay is usually short.

The Hybrid Approach to Coronary
Revascularization

A hybrid approach to coronary revascularization
would combine the advantages of both CABG and
PCI. The hybrid approach involves a MIDCAB, which
provides the patient with the benefits of LIMA-to-
LAD bypass graft, performed in a minimally invasive
manner using thoracoscopic or robotic mobilization of
the LIMA and a small left anterior thoracotomy for the
LIMA-to-LAD anastomosis. This procedure is either
proceeded by or follows PCI of the non-LAD coronary
lesions with DES. The patient avoids the need for
sternotomy and cardiopulmonary bypass and has
complete revascularization in a minimally invasive
manner, maintaining the advantage of the LIMA-to-
LAD graft.

The hybrid technique may be either a 2-stage
approach with the MIDCAB preceding or following
PCI by days or weeks or a single-stage procedure in
which all steps are performed during a single surgical
session. A single-stage approach would require a
specialized operating room containing all the
fluoroscopic equipment necessary for PCI. The single-
stage approach would have better patient satisfaction
and would potentially have a reduced length of hospital
stay. Nevertheless, the 2-stage approach does have
specific advantages. With a 2-stage approach, the
antiplatelet therapy could be timed to reduce bleeding at
MIDCAB and allow adequate antiplatelet therapy
dosing for PCI. A functioning LIMA-to-LAD graft
would allow subsequent PCI to be performed safely for
ostial circumflex lesions, complex left main lesions, and
perhaps other lesions. A 2-stage approach would
eliminate the need for a costly specialized operating

Timothy J. Nelson, MD, PhD, cardiovascular
fellow at Mayo Clinic in Rochester, is the 2010
recipient of the American Heart Association Mel-
vin L. Marcus Young Investigator Award in Basic
Cardiovascular Sciences for his work on stem
cell regenerative platforms and heart repair. The
award is presented annually to a young investiga-
tor to encourage continued research careers in
cardiovascular or circulatory physiology.

room and also would allow the PCI to be performed
in a catheterization laboratory with full available
functionality.

Patient Selection

Patients with multivessel CAD, including LAD disease,
a graftable LAD, and non-LAD lesions amenable to
PCI, could be considered for a hybrid approach.
Candidates could include patients who normally might
not be considered for PCI, including those with complex
or distal left main disease, ostial LAD or circumflex
disease, and complex or multiple LAD lesions. Other
patients who might benefit are those who have minimal
conduits available for CABG. This approach may also
pose reduced risk in patients with more advanced age,
frailty, renal insufficiency, diabetes, and aortic
calcification or atherosclerosis.

A hybrid approach would be contraindicated in
patients who are not good candidates for MIDCAB,
including those with a nongraftable or a deep
intramyocardial LAD. Also, patients who have had
previous left thoracotomy or left subclavian artery
stenosis or who are unable to tolerate single lung
ventilation should not have MIDCAB. Patients with
severe obesity are not good candidates for this approach
because of the difficulty identifying the LAD and
mobilizing it with a thoracoscopic or robotic approach.
A hybrid approach is also contraindicated in patients
who are not candidates for PCI, possibly including those
with chronic total coronary artery occlusions, calcified
or complex lesions in the non-LAD vessels, and limited
vascular access for PCIL.

Outcomes of a Hybrid Approach to
Coronary Vascularization

A few groups have reported outcomes with a limited
number of patients using a hybrid approach. The group
from Emory University has reported on a hybrid
approach in 106 patients, with no mortalities or strokes.

George A. Beller, MD (right), former chair of the division of cardio-
vascular disease at the University of Virginia, presented the 16th
annual Robert L. Frye, MD, lecture. Dr Frye is on the left.



One patient had a perioperative myocardial infarction.
All LIMA grafts were patent. All reports are small and
nonrandomized but have shown safety and efficacy.
Long-term outcomes are unknown.

Conclusions

The hybrid approach to revascularization of CAD is
promising. For low-risk patients, it allows the benefit of
aminimally invasive approach along with the long-term
benefit of the LIMA-to-LAD bypass. Potential early
return to work and reduced need for further intervention
may contribute to cost-effectiveness in this group over
time, but those advantages are speculative. Select high-
risk patients may benefit from a minimally invasive
approach. Complex LAD lesions are readily bypassed

but may be difficult to treat with PCI. A functioning
LIMA-to-LAD graft allows a percutaneous approach to
complex left main and ostial circumflex lesions with
more safety. DESs in non-LAD lesions are likely at least
as durable as SVG, at least in the medium term. A
2-stage approach does not require a specialized
operating room with fluoroscopic capabilities.

The approach does require collaboration between
surgery and cardiology and willingness on the part of
surgeons to continue to adapt to less invasive techniques.
Although clinical data on outcomes are very limited at
this stage, improvements in technology and the changing
population with CAD will increasingly make the hybrid
approach to treatment the optimal choice for many
patients.

Bernard J. Gersh, MB,
ChB, DPhil, Division of Car-
diovascular Diseases, was
chosen to give the European
Society of Cardiology (ESC)
René Laénnec Lecture on
Clinical Science 2010 in
Stockholm, Sweden. This is
1 of 4 named lectures held
during the ESC Congress.

Michael D. McGoon, MD,
has received the 2010 Mayo
Clinic Department of Medi-
cine Henry S. Plummer Dis-
tinguished Physician award.
Dr McGoon also received
the Division of Cardiovascu-
lar Diseases 2010 Laureate
Award.

Christopher J. McLeod,
MD, PhD, received the
Mayo  Brothers  Distin-
guished Fellowship Award
for 2010, based on out-
standing  clinical  perfor-
mance, humanitarianism,
and scholarly activity.

Robert D. Simari, MD, has
been named the dean for
clinical and franslational
research at Mayo Clinic in
Rochester.

Mayo Clinic, Mayo Health System Hospitals
Receive Patient Safety Excellence Awards

The Minnesota Hospital Association (MHA) recently recognized 53 hospitals across
the state with Patient Safety Excellence Awards. Among the 2010 recipients were
Rochester Methodist Hospital, Saint Marys Hospital, and Mayo Health System’s
Austin and Fairmont medical centers. These sites were honored for outstanding
results in MHA's new Safe Account campaign, which focuses on the prevention

of retained foreign objects during operating room procedures. To qualify for the
award, hospitals had to implement at least 90% of the Safe Account required
measures. The Safe Account campaign is an example of Mayo’s efforts to incor-
porate knowledge learned from adverse events across the state into safer patient
care delivery within its organization.

Kyle W. Klarich, MD, Heidi M. Connolly, MD

Heidi M. Connolly, MD (right), has been named chair of car-
diovascular education at Mayo Clinic in Rochester. Kyle W.
Klarich, MD (left), is the new director of the cardiovascular
training program at Mayo Clinic in Rochester.
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