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Percutaneous Heart Valve Replacement Emerges
asAlternative to Traditional Approach

Abstract: Assisted by Latin American colleagues, cardiologists at the Texas Heart Institute have
helped design a low-profile heart valve that can be implanted percutaneously using catheter techniques.

Traditionally, heart valve
replacement has necessitated open heart
surgery aided by cardiopulmonary bypass.
According to the American Heart Associa
tion, more than 80,000 heart valve replace-
ments are performed annually in the United
States alone. Although valve replacement is
of ten needed by elderly or otherwise high-
risk patients with multiple comorbidities, in
many casesit is contraindicated by ahigh
risk of operative mortality. Thus, finding a
nonsurgical aternative for valve replacement
isacompelling field of research.

Since 1965, multiple investigators have
tried to develop avalve that can be inserted
percutaneously and that is suitable for clinical
use. [n 2002, Philipp Bonhoeffer, MD, per-
formed the first human implantation of such
avalve in the pulmonary position. The same
year, Alain Cribier, MD, and associates, used
the antegrade approach to percutaneously
implant avalvein the aortic position. At
about the same time, David Paniagua, MD,
and coworkers performed the first retrograde
implant of such avalve.

Dr. Paniagua, who trained at the Texas Heart
Institute (THI) and has since joined its cardiol-
ogy staff, has been working with R. David
Fish, MD, director of Interventional Cardiolo-
gy a THI, and with severa Latin American
cardiologists and surgeons, to design a per-
cutaneoudly implantable heart valve. Drs.
Paniagua and Fish each have an interest in
Endoluminal Technology Research, LLC
(Miami, FL), which holds the patent to the
percutaneous heart valve they have designed.

“This valve has a unique geometric design
and needs no supportive struts,” he says. “It
ismade of specialy treated porcine pericardi-
um, has an extremely thin membrane (<40
um), has a smooth blood-contacting surface,
and is designed to resist tearing and calcifica-
tion. The design incorporates amodified su-
ture technique suggested to us by atailor in
the fashion industry. The valve is mounted in
astent that can be collapsed to a diameter of
4 mm for transcatheter delivery. It has been

Balloon deployment of

percutaneous valve in the
aortic valve position.

extensively tested in short- and long-term
invitro and in vivo studiesin Costa Rica,
in Miami, and here at THI. In every case, we
were able to deliver the valve without subse-
quent embolization, and the device had excel-
lent hemodynamic characteristics.”

“To place the valve, we advance an intro-
ducer through the femora artery and into
the abdominal aorta,” explains Dr. Paniagua.
“After crossing the aortic valve with a straight
wire, we advance a pigtail catheter into the left
ventricle to evaluate pressure gradients and
anatomic characteristics. We then predilate
the aortic valve with a valvuloplasty balloon.
Valve implantation is achieved by superimpos-
ing the right coronary angiogram onto fluoro-
scopic landmarks in the same radiographic
plane. We use a balloon-expandable frame
to deliver the valveitself below the coronary
arteries and above the mitral valve plane. This
retrograde approach is more familiar than the
antegrade approach, avoids creation of atrial
punctures or atrial septal defects, and poses
no threat of cardiac tamponade.”

Until now, transcatheter treatment of dis-
eased heart valves has mainly involved val-
vuloplasty, a procedure in which a specialy
designed balloon is used to dilate or split the
commissures of a stenotic valve.

According to Dr. Paniagua, “Valvuloplasty
yields excellent results in the pulmonary and
mitral valve positions. With the aortic valve,
however, valvuloplasty has been largely
unsuccessful, relieving stenosis only partially
and temporarily. Moreover, this technique
cannot be used to treat aortic regurgitation.
Therefore, a percutaneous aortic valve and
delivery technique suitable for widespread
use could benefit many patients.”

Percutaneous valve replacement will be
initially limited to patients who are not can-
didates for surgical valve replacement. With
time, further device modifications should
allow transcatheter valve replacement to be
widely performed. @

|
For more information:

Dr. David Paniagua
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713.791.9400

CLINICAL TRIALS
UPDATE

A pair of multicenter clinical trials are under-
way to determine the safety and toxicity of 2
novel anti-inflammatory drugs in patients un-
dergoing coronary artery bypass graft surgery.
One of the drugs, alipid A antagonist called
E5564, is designed to lessen the systemic
inflammatory response to bacterial endotoxin
released from the bowel during cardiopulmo-
nary bypass. The other drug, a blood comple-
ment inhibitor called CAB-2, is designed to
thwart initiation of complement-mediated
inflammation. The hope is that, by reducing
systemic inflammation, the drugs will reduce
therisk of postoperative organ dysfunction and
death. The phase |1 lipid A antagonist study
will enroll 150 patients; the phase | CAB-2
study, 80 patients. Charles D. Collard, MD, a
THI cardiovascular anesthesiologit, is leading
both trids.




Radiofrequency Catheter Ablation
AdvancesAtrial Fibrillation Therapy

Abstract: For patients with atrial fibrillation, radiofrequency catheter ablation
offers a nonsurgical and nonpharmacologic treatment option.

Atrial fibrillation (AF)isthe
most common sustained arrhythmia, during
which the atria beat irregularly and rapidly. AF
can cause shortness of breath, lethargy, palpi-
tations, stagnation of blood in the atria, and
other problems associated with areduced car-
diac output. The most seriousthreat isthrom-
boembolism, which may result in astroke.

At present, most patients with AF are treat-
ed pharmacologically by controlling either
the heart rate or rhythm. However, antiar-
rhythmic drugs for rhythm maintenance are
not consistently effective, and they frequently
have side effects. Thus, thereisincreasing
interest in curative strategies such as radio-
frequency catheter ablation (RFCA).

Initialy, RFCA involved guiding aradio-
frequency catheter along designated courses
within the atria, essentially reproducing the
surgical Maze operation. The results were
encouraging, but the procedure was long
and the radiation exposure substantial. Today,
RFCA procedures are directed at targeting
AF triggers, isolating the AF triggers by
interrupting the continuity of tissue between
the triggers and the atrial myocardium, or
modifying the atrial substrate. The procedure
uses several recording catheters and an abla-
tion catheter to accurately deliver the radio-
frequency energy.

Early RFCA techniques entailed identifying
and ablating AF triggers at precise locations,
of ten within the pulmonary veins—hence the
term “focal ablation.” However, the technique
has had limited success in patients with
paroxysmal AF. Difficulty in eliciting the
atrial ectopic beats responsible for initiating
AF isthe main limitation of focal ablation.

“In our experience with more than 400
patients who underwent RFCA for paroxys-
mal AF, less than 5% of the atrial ectopic
beats emanating from within the pulmonary
veins were amenable to focal ablation,” says
Jie Cheng, MD, PhD, acardiologist and
director of the Electrophysiology Research
Laboratory at the Texas Heart Ingtitute at St.
Luke's Episcopal Hospital (THI/SLEH).
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(Top) Map of anterior left atrium
showing targets for focal ablation
(star) and pulmonary vein isolation
(yellow lines). (Bottom) Map of pos-
terior left atrium showing targets for
pulmonary vein isolation (brown dots)
and for linear ablation to prevent
atrial flutter (red dots). LAA, left atrial
appendage; MA, mitral annulus.

The focal-ablation approach is aso difficult
in patients with chronic AF who have under-
gone cardioversion, because these patients
have multiple ectopic sites dispersed through-
out the atria. The alternative approach isiso-
lation of the pulmonary veins from the left
atrium, as most AF triggers are located within
the pulmonary veins.

“We are now electrically isolating the
pulmonary veinsin the majority of patients
undergoing RFCA and, in some cases, com-
pletely isolating the posterior left atrium that
encompasses the pulmonary veins,” says Dr.
Cheng. “Before the procedure, we use MRI
or CT scanning to define the anatomy of the
left atrium and pulmonary veins, and we use

transesophageal echocardiography to rule out
intra-atrial thrombi or clots. This outpatient
procedure has an 80% success rate in main-
taining normal sinus rhythm and hasled to an
improved quality of life for many patients.”

According to Dr. Cheng, serious complica-
tions are infrequent when RFCA is performed
at experienced centers such as THI/SLEH.
Atrial fibrillation can recur within 2 weeks
after RFCA but may be atransient phenome-
non, perhaps related to sterile pericarditis af ter
the ablation. Therefore, a2- to 3-month trial
of antiarrhythmic drugs followed by an obser-
vation period is warranted before considering
repeat ablation in these patients. Late-recurring
AF &ter pulmonary veinisolaionisrare and
may be due to resumed conduction across the
ablation scar, AF triggers outside the targeted
pulmonary veins, or new reentrant circuits
created by the RFCA lesions.

“RFCA isasignificant breakthrough in the
treatment of AF,” says Dr. Cheng. “In our
ongoing research, we are now focusing on
modifying the autonomic innervations of the
heart after AF ablation and developing new
strategies that will further improve the
efficacy of the ablation procedure.” @
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For more information:

Dr. Jie Cheng
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|mplantable Hemodynamic Monitor Simplifies
Treatment of Chronic Congestive Heart Failure

Abstract: The Chronicle® implantable hemodynamic monitor allows physicians to monitor congestive

heart failure patients in real time, change medications promptly, and prevent acute episodes of heart failure.

For patients with moderate
to-severe congestive heart failure (CHF),
which is the leading cause of death in the
United States, the bad days typically out-
number the good. Many of these patients lack
energy for even the simplest daily activities.
For physicians, treating these CHF patients
isaso frustrating, since subtle changesin
volume or in ventricular performance can
quickly cause cardiac decompensation, often
resulting in costly hospitalizations.

“Frequent follow-up examinations are cur-
rently a physician’s best means of monitoring
these patients' clinical status and adjusting
their medications,” says Frank W. Smart, MD,
medical director of Advanced Heart Failure/
Cardiac Transplantation at the Texas Heart
Institute at St. Luke's Episcopal Hospital
(THI/SLEH). “Yet, even when patients come
in for follow-up examinations, we can seldom
assessfilling pressures without performing
right-sided heart catheterization, which is
costly and inconvenient for patients.”

A new tool that can improve the quality
of life for CHF patientsis the Chronicle”
implantable hemodynamic monitor (IHM)
(Medtronic, Inc., Minneapolis, MN). This
device, which can transmit data from the
patient’s home or any other remote location,
can continuously monitor right ventricular
diastolic and systolic pressures and right
ventricular pulse pressure. It can also esti-
mate pulmonary artery diastolic pressure and
other clinical indicators (including heart rate
and core temperature trends) to facilitate pre-
cise drug titration and to monitor the patient's
response to therapy. About the size of afold-
ed matchbook, the device isimplanted below
the skin in the infraclavicular region and is
connected to aright ventricular lead. The
implantation procedure takes about 45 min-
utes and can be done with local anesthesia
on an outpatient basis.

By passing an electronic wand over the
IHM, patients can download physiologic data
to a home-based device that transmits those
data to a secure Web site. Physicians can

The Chronicle® implantable heart monitor is similar

in size to a folded matchbook.

access the site at any time to review the most
recent summary information, trend informa:
tion, and detailed records from specified
times or problem episodes. These data can
indicate serious cardiac events days before
their symptoms occur. Within minutes of
receiving the data, a physician can adjust
existing medications or prescribe additional
ones as needed—nbefore problems become
life-threatening.

“The IHM dlows us to address problems
quickly and adjust therapy in real time. This
enhances our ability to prevent acute episodes
and improves our patients quality of life,”
says Dr. Smart. “The IHM also helps us
know that we' re making the right decisions.
For example, sometimes it can be hard to
know whether a patient isretaining fluid.
Physical findings may be sparse and lab tests
misleading in the face of diminished cardiac
output. Previously, catheterization was the
only definitive diagnostic tool.”

THI/SLEH wasthefirst center in Texasto
participatein clinical trias of the Chronicle

IHM. Thusfar, data from the Chronicle IHM
have correlated well with data from Swan-
Ganz catheters. A randomized, single-blind,
phase 11 study is currently underway, and it is
likely that the device will be approved by 2006
for usein patients with moderate-to-severe CHF.

More than 5 million Americans have some
degree of CHF, and this number isrising asthe
population ages and more people survive heart
attacks. Overall treatment costs exceed $40
billion annually, and CHF-related hospitaliza-
tionstotal more than 6.5 million days ayear.

“Worsening heart failure is often disregard-
ed by patients until it'stoo late to avoid hos-
pitalization,” says Dr. Smart. “Besides
dramatically improving patients’ lives, the
Chronicle IHM should reduce unnecessary
office visitsand hospitalizations.” @

|
For more information:
Dr. Frank Smart

832.355.3977




Surgical and Endovascular Interventions
for Carotid Artery Stenosis

Abstract: Although carotid endarterectomy is the standard treatment for carotid artery

stenosis, carotid angioplasty and stenting is under investigation as a possible alternative.

Stenosis of the common
or internal carotid arteries, caused by the grad-
ual buildup of atherosclerotic plagues, can
cause serious neurologic problems, including
strokes and transient ischemic attacks. When
the arterial blockage istoo severe to be man-
aged medicaly, an interventional procedure
is necessary to restore adequate blood flow

to the brain.

Carotid endarterectomy (CEA) was the
first interventional technique developed for
treatment of carotid stenosis. First performed
in 1956 by Denton A. Cooley, MD, now
president and surgeon-in-chief of the Texas
Heart Institute at St. Luke's Episcopal Hospi-
tal (THI/SLEH), CEA involves clamping the
affected carotid artery, opening it surgicaly,
and removing the atherosclerotic blockage.
The artery isthen closed with a direct suture
technique, avein graft, or a synthetic or bio-
prosthetic patch. The CEA technique hasa
long history of safety and success.

“CEA has been the standard treatment for
severe carotid stenosis for decades,” says
J. Michael Duncan, MD, a cardiovascular
surgeon at THI/SLEH who has performed
hundreds of CEASs. “ Therate of perioperative
stroke, which isthe mgjor risk in CEA, is
1% to 2%, and the rate of other morbidities
isaso low. That'swhy CEA has been, and
should continue to be, the gold standard in
evaluating any new form of treatment.”

Since 1995, THI/SLEH physicians have
been involved in trials of another procedure
for treating carotid stenosis—carotid angio-
plasty and stenting (CAS). In CAS, aballoon
catheter isinserted into the femoral artery
and threaded up into the carotid artery, where
the balloon isinflated to push plaque aside
and restore normal blood flow. A stent is then
inserted to keep the artery open. The proce-
dure's safety depends on the use of an em-
bolic protection device—afine, wire-mesh
screen that isinserted above the balloon to
catch any plaque dislodged during angioplas-
ty. Thisreduces the risk of stroke during the
procedure.

Computed tomographic
image of the carotid arteries.

The relative usefulness of CEA versus CAS
has been the subject of intense debate. Be-
cause CASisrelatively new, developments
in its technique—particularly the addition of
embolic protection devices—have come
quickly and have rapidly improved safety.
Whereas older trials show adistinct advan-
tage of CEA over CASin terms of lower
postoperative stroke and death rates, newer
trials tend to show similar outcomes for the
2 techniques. Nonetheless, no CAS device
has yet been approved by the U.S. Food and
Drug Administration.

“THI has been involved in severd large,
multi-institutional trials of CAS,” says cardi-
ologist Zvonimir Kracjer, MD, codirector of
the Peripheral Vascular Disease Service at
THI/SLEH. “The results suggest that when an
embolic protection deviceisused, CASisas
effective as CEA in lowering the risk of stroke
and death. Furthermore, CAS doesn't involve a
neck incision or general anesthesia, so recov-
ery isgenerally quicker, and thereis no risk of
crania nerveinjury asthereiswith CEA.”

Nevertheless, thereis still debate over which
patients are best suited for each procedure.

“In patients who have had a previous CEA,
neck radiation, or radical neck surgery—
especially those who have comorbid condi-
tions—CA'S appears to produce superior re-
sults,” says Dr. Kracjer. “It may aso be the
better choice for patients with carotid block-
age above the level of the neck, dlergiesto
general anesthetics, or cranial nerve damage
from a previous CEA that could be aggravat-
ed by a subsequent CEA. On the other hand,
CEA would be preferred if afresh thrombus
in the carotid artery could become dislodged
and embolize during CAS, or if the patient’s
vessels are too tortuous for catheterization.”

More study and follow-up will be needed
before physicians can firmly assert whether
CEA or CASisthe best technique for any
particular population of patients with carotid
stenosis. Having a choice of treatments,
however, islikely to improve the outcomes
for al of these patients. ®
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For more information:

Dr. J. Michael Duncan
832.355.4914

Dr. Zvonimir Krajcer
713.790.9401

127H ABIOCOR
IMPLANTED

On February 20, 2004, surgeons at
the Texas Heart Institute at St. Luke's
Episcopal Hospital (THI/SLEH)
performed the 12th implantation
worldwide of an AbioCor Implantable
Replacement Heart (ABIOMED, Inc.,
Danvers, MA). It was the fifth such
implantation performed at THI/SLEH
as part of an ongoing, FDA-sponsored
multicenter clinical tria that will
include atotal of 15 patients.




Caregivers Seek New Approaches
to Managing Postoperative Pain

Abstract: Direct delivery of anesthetic agents and use of minimally

invasive surgical techniques can reduce pain after cardiac surgery.

For the 6 million Americans
who undergo cardiovascular operations each
year, effective postoperative pain management
iscrucial. However, traditional methods of
controlling postoperative pain have consider-
able drawbacks.

“Historically, postoperative pain has been
treated with large doses of opioids (narcotics),
which may cause excessive deepiness and
interfere with the recovery of bowel and
bladder function,” says Ross M. Reul, MD,
director of Surgical Innovation a the Texas
Heart Indtitute at St. Luke's Episcopal Hospital
(THI/SLEH) and amember of SLEH’s Pain
Management Committee. “ Furthermore, not
only can narcotics be abused, but they can also
cause neurologic deficits. These complications
are of specia concernin our older patients,
who make up alarge subset of patients
requiring cardiac surgery.”

One dternative to using heavy doses of opi-
oidsisto deliver nonnarcotic relief directly
and continuoudly to the incision site. A novel
device designed for this purpose, the ON-Q°
system (I-Flow Corp., Lake Forest, CA), is
now being used at THI/SLEH.

“The system, which consists of asmall bal-
loon pump and catheter inserted during sur-
gery, functions much like a soaker garden
hose, directly and continuoudly irrigating the
incision site with along-acting loca anesthet-
ic, such asropivacaine,” explains Dr. Reul.
“This approach decreases the incidence of
breakthrough pain and provides relief without
introducing the potential side effects of large
doses of narcotics. The pump can be carried
or attached to a patient’s belt, and it may be
removed during clinic visits or by the patient
a home.”

Two separate studies (Anesthesiology 2003,
99:918-23; J Thorac Cardiovasc Surg 2003;
126:1271-8) have shown that continuous cath-
eter infusion of alocal anesthetic (ropivacaine
or bupivacaine) decreases pain and the need
for opioids and improves patient satisfaction
with pain management after amedian sternot-
omy. Patients who received infusions of alocal

anesthetic were able to resume walking earlier,
thus shortening their hospital stay.

“Initially, we began using the ON-Q system
in patients who could not tolerate narcotics or
had previously shown alow pain threshold
after surgery,” says Dr. Reul. “Then, because
of self-reported improvementsin pain relief
in this group, we began using the system
routinely in selected patients undergoing a
thoracotomy or sternotomy. Those who had
previously undergone a sternotomy and re-
ceived conventional pain treatment reported
better pain control with the ON-Q system
after their subsequent sternotomy.”

The ON-Q systemisnot indicated in all
cases, however. Immunosuppressed patients
are not candidates because of the dlight risk of
infection during device insertion. Patients with
hepatic failure are not candidates because local
anesthetics such as ropivacaine are metabo-
lized and eliminated by the liver.

In another approach to reducing postopera
tive pain, THI/SLEH surgeons are also explor-
ing the potentia of minimally invasive proce-
dures such as endoscopic vein harvesting for
coronary bypass procedures, ministernotomy
for aortic valve replacement, and smaller inci-
sionsfor mitral valve and right-sided heart
procedures.

“Minimally invasive approaches,” saysDr.
Reul, “may lead to shorter intubation periods,

Placement of the ON-Q®
system in a sternotomy

incision for delivery of

nonnarcotic pain relief.
(Reprinted with permission
from I-Flow Corp.)

earlier ambulation, less scarring, earlier hospi-
tal discharge, and, equaly important, less post-
operdive pain.”

In step with these efforts is the work of the
Pain Management Committee, chaired by
Brian Miles, MD, medical director of the
Texas Cancer Ingtitute, and Porter Storey, MD,
medical director of the Palliative Care Center,
both at SLEH. The committee was formed in
1999 to enhance pain management policies
and practices and to increase knowledge about
pain management among health care providers
aswell as patients and their families. The mul-
tidisciplinary group meets regularly to discuss
pain resources, appropriate use of anagesics,
documentation of pain asafifth vital sign, and
aternative therapies.

“The goal isto improve patient satisfaction
without compromising surgical safety,” says
Dr. Reul. “Using small incisions, when safe,
and providing nonnarcotic means of pain relief
arereliable ways of improving postoperative
pain control.” @
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For more information:

Dr. Ross M. Reul
832.355.5884




Nicotine May Trigger Stem Cells
to Differentiate into Viable Cardiac Cells

Abstract: Recent laboratory research at the Texas Heart Institute suggests

that nicotine given at low doses may be useful in treating heart failure.

Nicotine is a poisonous
by-product of tobacco that increases heart
rate, ventricular stroke volume, myocardial
oxygen consumption, and breathing rate and
causes arterial constriction. In cigarette
smokers and smokel ess tobacco users,
increased concentrations of nicotinein the
blood are associated with the pathogenesis
of cardiovascular disease, particularly athero-
sclerosis. Yet, paradoxicaly, recent laborato-
ry research at the Texas Heart Institute (THI)
suggests that nicotine given at doses much
lower than the harmful doses delivered by
smoking or smokeless tobacco may become
anew method for treating heart failure.

This novel therapy would involve the
transplantation of nicotine-stimulated stem
cells. Stem cells are precursor cellsthat are
found in both embryonic and adult tissues

and that can differentiate into many other
types of cells. Because of ethical issues,
U.S. law severely restricts research involving
human embryonic stem cells to limited cell
linesin the laboratory setting. Thus, infor-
mation regarding stem cell biology has come
largely from studies of animal embryonic
stem cells.

Since spring 2003, researchersin THI's
Heart Failure and Stem Cell Research Lahora
tory have been studying the effects of a puri-

fied form of nicotine on stem cell growth and
differentiation. Led by Yong-Jian Geng, MD,
PhD, the laboratory’s director and director of
the Center for Cardiovascular Biology and
Atherosclerosis Research at The University
of Texas Health Science Center at Houston,
the THI researchers have found that nicotine
can influence the differentiation of mouse
embryonic cardiac stem cellsin culture and
can significantly increase the rate of stem cell
division. Moreover, in studies at the molecular
level, they have discovered that nicotine treat-
ment can alter gene expression and increase
the production of cellular proteins at different
stages of cardiovascular cell development.
These findings complement other stem cell
therapy research underway at THI. Dr. Geng
and histeam, along with James T. Willerson,
MD, medical director and director of Cardiol-

Embryoid body
containing mature,
differentiated cardiac

muscle cells derived
from murine embryonic
stem cells stimulated
with nicotine.

ogy Research, have found evidence that car-
diac stem cells transplanted from one species
of animal into another can develop into new
cardiovascular tissue. In an ongoing collabo-
ration with Brazilian cardiologists, THI re-
searchers are continuing their follow-up of
Brazilian heart failure patients who have
undergone autol ogous adult stem cell trans-
plantation.

Previous animal studies at other centers had
aready shown the potential usefulness of

nicotine in treating heart failure. For exam-
ple, one recent study in arabbit model of
hind-limb ischemia showed that nicotine
could enhance the recruitment of circulating
stem cellsinto damaged tissues, where the
stem cells could promote the generation of
new blood vessels (J Am Coll Cardiol 2003;
41:489-96). Another study, in rats, showed
that nicotine could inhibit the lipopolysaccha-
ride-induced apoptosis, or self-destruction, of
cardiac myocytes (J Am Coll Cardiol 2003;
41:482-8). In both cases, however, the mech-
anisms underlying nicotine's apparent action
remained unclear.

“Our recent laboratory findings confirm
and extend earlier studies supporting the
hypothesis that nicotine can boost the regen-
erative abilities of stem cellsin patients with
heart failure,” says Dr. Geng. “Our findings
also provide us with a better, though still
incomplete, understanding of the genetic and
cellular mechanisms by which nicotine regu-
lates cardiovascular cell development.”

“It'simportant to remember, however,”
cautions Dr. Geng, “that our observations
made in animal cells may not trandate direct-
ly into the clinical setting. The receptors of
nicotine, whose pharmacology is very com-
plex, perform many different functions
throughout the body and activate neurohor-
monal systems whose effects can either coop-
erate with or antagonize each other. The
body’s responses to nicotine also depend on
the dose and duration of exposure. Thus,
whether nicotine will do more harm than
good in treating heart failure will ultimately
have to be determined in careful long-term
studiesin humans.” @
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For more information:

Dr. Yong-Jian Geng
832.355.9160
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