
Some question study results 
on spironolactone treatment for CHF
Trial finds new drug reduces mortality, morbidity rates

Despite promising news for patients, there are concerns that
cloud the unconditional acceptance of the new CHF drug
spironolactone. Some physicians call into question the con-

clusions of a recent study of the drug, challenging the significance of
the findings and their impact on CHF treatment. Some argue that
the study participants are not representative of CHF patient profiles,
while others say the dosing level of ACE inhibitors was too low. 

However, not all feedback on the Randomized Aldactone Evalua-
tion Study (RALES) of spironolactone, also called Aldactone, is 
negative. In support of RALES, many clinicians enthusiastically
embrace the positive implications of the study and are optimistic
about the drug that has been shown to reduce mortality and mor-
bidity rates. 

In a double-blind study following 1,600 patients from 15 coun-
tries, RALES results found that spironolactone reduced CHF patient
mortality by 30% and re-hospitalization by 35% as compared to a
CHF placebo group. By blocking the chemical signal aldosterone,
which causes the heart muscle to lose its ability to pump, spirono-
lactone keeps the heart muscle from becoming stiff and fibrotic. 

Lead RALES researcher Bertram Pitt, MD, associate chair of inter-
nal medicine and professor of cardiology at the University of
Michigan Medical Center in Ann Arbor, first became interested in
studying spironolactone while lecturing on diuretics. In continuous
studies, spironolactone proved to act not only as a diuretic, but also
had effects on the endothelium as well as other vascular benefits.
Prompted by the knowledge that ACE inhibitors did not suppress
aldosterone completely and that aldosterone contributed signifi-
cantly to fibrosis, Pitt approached G.D. Searle & Co. of Skokie, IL,
and began to test spironolactone’s safety.

In what was meant to be a three-year study, RALES was cut short
after only two years because of the overwhelmingly positive results
in respect to CHF patient mortality and morbidity. Although the
report was due to be published in the New England Journal of Medicine
(NEJM) on Sept. 2, 1999, the journal’s editors surprised everyone by
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making details of the study available on their Web
site in July.

As a treatment option for CHF, spironolactone is
usually prescribed as the fourth or fifth drug for
most CHF patients. (See CHF Disease Manage-
ment, September 1999, pp. 102-105.) According to
David S. Roffman, PharmD, BCPS, associate pro-
fessor at the University of Maryland School of
Pharmacy in Baltimore, current standard CHF
treatment options are an ACE inhibitor, a diuretic,
a beta-blocker, and digitalis. 

The medications that were taken in the study
included loop diuretics, ACE inhibitors, digi-
talis, aspirin, potassium supplements, and beta-
blockers. At baseline, the drug doses of ACE
inhibitors given daily to the placebo group were
Captopril 62.1 mg, Enalapril 16.5 mg, and
Lisinopril 13.1 mg. At baseline, the drug doses
of ACE inhibitors given daily to the spironolac-
tone group were Captopril 63.4 mg, Enalapril
13.5 mg, and Lisinopril 15.5 mg.

Are older patients at risk?

Rosanne M. Leipzig, MD, PhD, clinical associ-
ate professor at Mount Sinai School of Medicine
and the department of geriatrics and adult devel-
opment at Mount Sinai Medical Center in New
York City, responded to the findings of the RALES
study in a letter to the editor of the NEJM. 

Leipzig says she was particularly concerned
for older patients and cautious about adding
more drugs to a treatment plan before it was
absolutely necessary. “My biggest concern is we
don’t maximize what folks are on before we add
another drug. When you add another drug, you
add all the possibilities of drug interactions.
Spironolactone is for people who are on the usual
three drugs who are still not responding at maxi-
mum doses of those.” 

“These are not benign drugs,” Leipzig empha-
sizes. Referring to the traditional CHF drug ther-
apy regimen, she explains her philosophy. “Give
them the maximal dose and make sure they get

the maximum benefit before adding other drugs
to those.” 

She admits, however, that “spironolactone 
is a much more benign drug than beta-blockers,
which have all sorts of potential complications.
Compared to other drugs, spironolactone is
cheap.” 

In another letter to NEJM, Karl T. Weber, MD, a
cardiologist at the University of Missouri Health
Services Center, said that when properly moni-
tored, spironolactone should reduce the risk of
death among patients with CHF. “The impor-
tance of aldosterone in CHF has been overlooked
in recent years because ACE-inhibitor-related
reductions in angiotensin were thought to elimi-
nate aldosterone production.”

Some physicians caution against the broad use
of spironolactone when treating CHF patients. Also
responding in a letter to the editor of NEJM, Robert
J. Larkin, MD; Stephen A. Atlas, MD; and Thomas
J. Donohue, MD; staff members at Hospital of St.
Raphael in New Haven, CT, pointed out that the
average blood pressure reported in the study was
122/75, which they claim indicates that the dose of
ACE inhibitors was too low. 

They reason that patients with diabetes may be
at a greater risk for hyperkalemia when treated
with the combination of spironolactone and a
high dose of an ACE inhibitor, which is consid-
ered standard. Hyperkalemia is a condition
caused by excessive amounts of potassium in the
blood. (See related story, p. 27.) Another point of
contention with the RALES results, as pointed
out in their letter, asserts that although Type 2
diabetes is common in CHF patients, potassium
levels in diabetic patients were not considered in
the subgroup analysis.

In a follow-up letter to the NEJM editor, lead
RALES researcher Pitt claims that the data revealed
no difference in the effect of spironolactone on
mortality between patients on higher doses and
those on lower doses of ACE inhibitors. 

Regarding CHF patients who also suffer from
diabetes mellitus, Pitt explains that nearly 25% of
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RALES study patients had a history of diabetes
mellitus at baseline. He also notes that none of
the patients receiving spironolactone died of
hyperkalemia.

Two practicing geriatricians from the Universite
Catholique de Louvain in Belgium question the
mean age of the RALES population. In their letter
to NEJM, Dominique Vanpee, MD, and Christian
Swine, MD, write that the mean age of the study
population (65 ± 12 years) is very different from
that of the patients (83 ± 8 years) in their own
practice. Because the prevalence and incidence of
heart failure increases with age, the physicians
challenge the study’s implications for a much
older population. 

Adding to the age factor, the Belgium physi-
cians point out that older patients have lower 
levels of aldosterone as well as impaired renal
function, despite apparently normal levels of
serum creatinine. The Belgium doctors also cau-
tion that hyperkalemia may develop in these
patients after only a single dose of ACE inhibitors
or spironolactone. 

Pitt counters that out of the 24 patients in the
study developing hyperkalemia, nine of those
patients were diabetic and four were 80 or older.
He concludes that there was no significant differ-
ence in the occurrence of serious hyperkalemia
between the treatment groups and the subgroup
of patients with diabetes. 

Pitt warns clinicians “to monitor potassium
and not to give spironolactone to people with
renal dysfunction using a 2.5 mg per deciliter cut-
off.” Despite challenges to the RALES findings,
“the data are still very valid. I see a big change in
people’s thinking.” 

Gerald Glick, MD, professor of medicine at
Rush Medical College in Chicago, applauded the
RALES findings in a letter to NEJM as a major
breakthrough in the understanding of the patho-
genesis and therapy of CHF. 

“In patients with congestive heart failure, the
beneficial effects of spironolactone and beta-
blockade are produced by means of the same
final common pathway of suppressed aldos-
terone effects: Spironolactone blocks aldosterone
at its effector site, and beta-blockade decreases
the production of aldosterone. Such a formula-
tion would help to explain the apparently coun-
terintuitive finding that beta-blockade, which is 
a negative inotropic intervention, has salutary
effects in patients with congestive heart failure,”
he wrote. 

Glick prefers the use of spironolactone. “It may

be preferred to use spironolactone rather than
starting with a beta-blocker to get to the same
culprit, namely aldosterone, and avoid bad side
effects,” he says. 

Glick reports no problems in the short term in
prescribing spironolactone for CHF patients. “It’s
a valuable addition to usual drug therapy.”

To clarify the debate over population concerns
expressed by physicians who questioned the
study’s participants as not representative of typi-
cal CHF profiles, those excluded from RALES
were patients with these conditions:

❒ primary operable valvular disease;
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Hyperkalemia can pose 
threat for CHF patients

One of the biggest threats for CHF patients tak-
ing spironolactone, also known as Aldactone,

is hyperkalemia, a condition caused by excessive
amounts of potassium in the blood. Symptoms
include diarrhea, nausea, muscle weakness, and
heart irregularities.

“It can be a very serious threat,” says Rosanne
M. Leipzig , MD, PhD, clinical associate professor
at Mount Sinai School of Medicine and the depart-
ment of geriatrics and adult development at Mount
Sinai Medical Center in New York City. “You get
EKG changes, arrhythmia, or no rhythm.” 

Leipzig encourages clinicians to monitor a
patient’s potassium level carefully, defining levels
of potassium that are too high. “The lab will tell you
over 5 mmol per liter. Many of us will tell you 5.5
mmol per liter is all right. You start playing [with
fire] when you go over that.”

In the Randomized Aldactone Evaluation Study
(RALES), a double-blind study conducted to ana-
lyze the effects of spironolactone on CHF patients,
hyperkalemia occurred in 10 patients in the placebo
group and 14 patients in the spironolactone group.
Conclusions in the RALES study claim that at doses
of 12.5 mg to 25 mg daily, spironolactone is effec-
tive in blocking the aldosterone receptors. Serious
hyperkalemia occurred most often with doses of 50
mg or greater.

Patients in the spironolactone group took 25 mg
of Aldactone once a day for two months. As long as
there were no signs of hyperkalemia, the dose could
be doubled after that if the CHF symptoms wors-
ened. In cases where potassium levels got too high,
it was suggested that the treating physician first
adjust the other medications to correct the problem.
If that did not help, then the dose of spironolactone
could be reduced 25 mg once a day.  ■



❒ congenital heart disease;
❒ unstable angina;
❒ primary hepatic failure; 
❒ active cancer, or any life threatening disease

(other than heart failure);1

❒ a serum creatinine concentration of more
than 2.5 mg per deciliter (221 mmol per liter); 

❒ a serum potassium concentration of more
than 5.0 mmol per liter.

Reference

1. Pitt B, et al. The effect of spironolactone on morbidity
and mortality in patients with severe heart failure. N Engl J
Med 1999; 341:709-717.  ■

Molecular ‘glitch’ can
lead to heart failure
Disorder costs $10 billion per year in medical care

Arecent study by scientists at Johns Hopkins
University in Baltimore and Queen’s Uni-

versity in Kingston, Ontario, indicates that an
abnormal form of the protein troponin I (TnI),
part of a three-prong, regulatory “switch” that
activates heart muscle contraction, is responsible
for causing myocardial stunning, a common but
potentially fatal form of acquired heart failure
that affects almost all patients who have under-
gone open-heart surgery. 

A function of the blood supply to the heart
being shut down and then restored, stunning
effects patients, especially children, who have
had to be placed on heart/lung machines. Also
highly susceptible are adult heart attack victims
whose blood supply has been restored through
drugs or angioplasty. 

To make the heart of patients with stunning
contract more forcefully, clinicians generally place
them on an inotrope drug such as epinephrine for
a day or two, until their heart begins to contract
more forcefully. 

Distinguished by a general weakness in the
heart muscle, stunning is a frequent complicator
of coronary artery disease. Present in up to 10%
of heart patients, it can continue anywhere from
hours to days. Though usually a temporary con-
dition, some patients experience complications
and die. Consequently, victims require careful
monitoring, and must be hospitalized following

surgery in intensive care for 24 hours. It’s hardly
surprising that the disorder costs the United
States an estimated $10 billion per year in postop-
erative medical care.

The study, which involved injecting mice with
faulty TnI, marks the first time it has been shown
that a problem or “glitch” at a molecular level
can lead to any type of acquired heart failure. If
researchers’ findings are borne out in humans,
clinicians not only could gain valuable insight
regarding treatment of the disorder, but could be
well on their way to eliminating myocardial stun-
ning altogether. 

“Congestive heart failure is the leading cause
of hospitalization in America in people over 65
years of age. Although many of those hospitaliza-
tions are associated with heart attacks, a large
number also are related to cardiomyopathies
such as myocardial stunning,” says Charles
Inman Wilmer, MD, director of angioplasty, car-
diac disease specialist, and director of data man-
agement at the Fuqua Heart Center of Piedmont
Hospital in Atlanta.

“A study such as [this] may well link what
causes the heart to become hypocontractile, dys-
functional, and dilate, leading to heart failure and
atrial fibrillation,” he says. “If we can find out how
to make patients less susceptible to this condition
or discover ways to better treat those who do have
it, then we can decrease the need for hospitaliza-
tion for heart failure and cardiac transplants.”

Part of a closely interacting complex of troponins
that plays a vital role in heart contraction, TnI
could be likened to a light switch, in that it is the
protein which is responsible for switching the heart
muscle from a relaxed position to a contracted one.
“If the switch is down, the muscle is relaxed; if it’s
up, it is contracted. If part of that switch is broken,
it’s not going to work as well,” says Jennifer Van
Eyk, MD, one of the research participants and an
assistant professor at Queen’s University’s depart-
ment of physiology. 

Data for the study was gathered over a period of
14 years. From earlier experiments, the researchers
already were aware that animal models of stunning
have damaged TnI, which, in addition to being
shorter than usual, also contains fewer amino acids
than usual. To determine whether TnI was, in fact,
the actual cause of stunning, the team set out to
mimic the change that occurs in abnormal human
TnI, by creating a transgenic mouse model. 

Cloning genes from the defective human pro-
tein, they injected the substitute gene into the
mice. “Being able to work with lab animals into
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which we actually were able to incorporate the
defect, gave us an advantage over past studies on
acquired disorders, where researchers had to
attempt by trial and error to reproduce the physi-
ology within the animal,” says Anne Murphy,
MD, cardiologist at Hopkins Children’s Center,
who lead the research team. 

As the major proteolytic product of TnI in stun-
ning is missing the 17 COOH-terminal residues,
they created three independent lines of transgenic
mice expressing TnI in the heart driven by the
murine a-myosin heavy chain promoter. 

The resultant findings, published in the Jan. 21,
2000 issue of the journal Science, corresponded
almost to the letter with what the research team
had expected: Heart cells deprived of oxygen expe-
rience a sudden increase in calcium. That high cal-
cium level, in turn, trips the production of enzymes
that are responsible for cleaving proteins.

Some 20% of the TnI in the mice studied turned
out to be the shortened form. Transgenic mice also
exhibited cardiac enlargement and echocardiogra-
phy. In addition, in a classic response to weak-
ened muscle, they developed ventricular dilation,
as well as diminished contractility and reduced
myofilament calcium responsiveness. “The force
their heart muscles exerted also was far below
normal,” says Murphy. 

“The mice resembled humans with myocardial
stunning in any way that we could measure. The
study not only demonstrates proof of hypothesis
— that the partial breakdown in troponin actually
has a causal role in bringing about cardiac dys-
function — it also provides a model in which clini-
cians can test a variety of new therapies,” she says. 

Along with revealing that as the change in TnI
occurs acutely, “there’s a good chance” stunning
can be cured, another, highly significant implica-
tion of the study is TnI is present in a number of
diseases, including, in all probability, angina, Van
Eyk says.

The study also includes data dealing with
human heart patients who allowed blood speci-
mens and very small samples of heart muscle to be
extracted from them, both prior to bypass surgery
and 15 minutes after the heart was restarted. Blood
samples also were taken one and three days fol-
lowing surgery.

In addition to supporting the researchers’
hypothesis that patients experienced “some”
breakdown of TnI, “What was [different] is that
some sort of injury to their heart tissue had
occurred prior to surgery,” Murphy says. 

Glorianne Ropchan, MD, a cardiac surgeon at

Queen’s University, who also was a member of
the research team, sees the study as being espe-
cially timely. “Before this, no one had looked at
the role of troponin in heart surgery at all. At a
time when we’re treating older and older people
with sicker and sicker hearts, we are hoping we’ll
be able to use this technique, not only to evaluate
how well we protect the heart, but also to make
improvements in how we do protect the heart. 

“We are banking on the findings being useful,
not only in helping investigate modality in order
to diagnose problems, but also in helping moni-
tor patients and tailor their therapies to their own
particular needs.”

John Odell, MD, head of surgery at Mayo
Medical School’s section of thoracic and cardio-
vascular surgery in Rochester, MN, concurs that
the findings, if correct, are exciting. “Like a lot of
disease processes, myocardial stunning is one
that we really haven’t understood. It’s interesting
that they have found a molecular change in tro-
ponin that occurs in the heart’s contraction.
Whether we ever will be able to form a drug that
actually prevents myocardial stunning, I’m not
sure. But, once you’ve located a problem, there’s
no question that it’s that much easier to focus on
the best ways of dealing with it.”  ■

System offers clinics 
daily CHF monitoring 
Automated data prevent hospitalizations

While third-party monitoring of congestive
heart failure (CHF) patients is better than 

no monitoring, a new technology offers a way to
bring it in-house with potentially impressive qual-
ity outcomes.

Mary Jo Macklem, RN, nurse clinician in the
CHF Clinic of the Park Nicollet Clinic in Minne-
apolis, uses the system, Cardiocom, for daily
patient feedback. “We can quickly review
[patients’] current weight, symptoms, medica-
tions, and trends on the screen and know specifi-
cally who needs our assistance.” 

By using the Cardiocom CHF management
program, at $50 a month per patient, health care
organizations can eliminate outside monitoring
fees of at least $150 a month per patient, accord-
ing to Daniel Cosentino, president of Cardiocom,
based in Excelsior, MN. Daily monitoring also
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offers a high probability of preventing hospital
readmissions, which average about $7,000 per
episode.

Cardiocom entered the commercial market in
October 1999, and already it’s been installed in
health care systems around the country, Cosentino
says. Patients welcome the ease of use and the
closer ties with their nurses. Soon, the company
will expand the program to include blood-pres-
sure and pulse-rate monitoring.

The basis of the system is a Telescale placed in
the patient’s home. It connects into an electrical
outlet and the phone jack. Equipped with a com-
puter chip, the Telescale transmits the patient’s
weight to the clinic’s computer via the phone line.
It also sends the patient’s answers to 12 questions
regarding key signs of an impending CHF crisis.
Some of the questions cover medication compli-
ance, shortness of breath, and decreased urine
output. It takes patients roughly two minutes to
step on the scale, dial the clinic, and answer the
wellness questions. They have their choice of
communication modes: voice or a numeric or
Braille key pad. 

“Clinicians only spend time with patients who
need it the most,” Cosentino says. “The daily
monitoring is better than random calls that can
miss patients who are headed for a crisis.”

Patient data reaches the provider within 30
seconds. The system records the data and alerts
staff about patients requiring intervention. It
compiles customized reports to mesh with the
user’s existing record-keeping system. Routine
reports include:

• individual patient summaries;
• trend reports on the clinic’s CHF patient

population;
• hospital and emergency room admissions.
Macklem uses Cardiocom for patients with the

highest risk of readmission. “Most of them are
elderly people who had compliance issues or
who have bad vision and could not see a regular
home scale. Before we introduced Cardiocom,
they would not have weighed themselves every
day. If they only weighed themselves once a
week, they could have gone into a crisis before
they weighed themselves again.”

The initial concern at Park Nicollet centered on
the patients’ acceptance of and compliance with
daily monitoring. As it turned out, “Most of the
patients are thrilled with the Telescale,” says
Macklem. “Some even say it’s like having a home
visit by us each day. We can catch a change in
symptoms before a crisis develops. When we 

call the patient, we have the footwork done.”
The ease of use that patients enjoy extends to

providers as well. She says the system was up
and running within a few days after the phone
lines were installed.

Cost details

Users pay $50 per month for each patient mon-
itored. The minimum is 100 patients, or $5,000 a
month. Here’s what the fee covers:

1. Cardiocom software with free upgrades as
they become available. The software can be inte-
grated into the provider’s existing network. Data
are generated in a Microsoft Access database and
are compatible with other commonly used soft-
ware packages.

2. A computer with accessories, including 
the required modems, a 17” color monitor, a re-
writable and recordable CD-ROM drive, and a
laser printer. As the patient population increases,
additional modems and memory are provided.

3. A Telescale for each patient in the program.
Shipping fees for the scale are extra. The amount
varies. Sometimes the delivery goes directly to
patients’ homes. Other providers request bulk
shipment to a hospital or clinic for distribution to
patients.

4. Installation and on-site training. One condi-
tion prospective users need to consider  is that
Medicare does not reimburse for the monitoring,
Cosentino acknowledges. “But we’re working on
that.”  ■

Small hospital launches
high-tech stroke solution
Program includes specialists via Internet

If administered within three hours of a stroke,
the drug t-PA (tissue plasminogen activator) 

can reverse stroke damage that would turn an
active person into an invalid. But success depends
on speed and teamwork of the caliber you might
expect in an Olympic relay race. “Time is brain,”
says John Hartness, MD, chairman of the stroke
treatment improvement committee at Union
Regional Medical Center (URMC) in Monroe, NC.

T-PA assessment and therapy is a process in
which minutes count and handoffs are numer-
ous. “I can’t emphasize the team effort enough,”
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Hartness explains. “If any one person is not there
to do his job, it breaks down.

“The sooner t-PA starts, the greater the bene-
fits. But after three hours [from the time of 
the stroke], there’s more harm than good,” he
stresses.

That time frame is a distinct challenge for
URMC. The 160-bed hospital’s catchment area
is largely rural. When specialists are needed,
URMC’s clinicians usually turn to the larger
medical centers in Charlotte, 30 miles away.
Monroe isn’t a place where you’d look for adop-
tion of a revolutionary and highly complicated
therapy within months of its introduction.

But URMC was upgrading its stroke care pro-
cedures in 1995 as Hartness kept one eye on the 
t-PA clinical trials. When the guidelines emerged
in December that year,1 the hospital was posi-
tioned to consider them.

Candidates for treatment are people who sustain
an ischemic stroke caused by a blood clot that
becomes lodged in the brain or in an artery supply-
ing blood to the brain. Administered intravenously,
t-PA dissolves clots that block blood flow. It does
not work for hemorrhagic strokes, which are
caused by a ruptured blood vessel in the brain.

‘Country cousins’ teach city docs

An interdisciplinary committee included mem-
bers from the area’s stroke care network. Repre-
sented were radiology; lab; surgery; physical,
occupational, and speech therapy; nursing; social
services; intensive care; and the emergency depart-
ment (ED), as well as the local family practitioners.
The committee created technological links with the
offsite specialists. “We had to tweak our processes
so we wouldn’t lose patients to the time barrier,”
Hartness recalls. The t-PA protocol went into use
in June 1996.

The ED orchestrates the moves:
• Paramedics make a heads-up call to the ED

when they are dispatched to a possible stroke
episode. In transit, they assess the patient for
signs such as facial paralysis, general weakness,
and impaired speech skills. If possible, they draw
a blood sample to shave minutes off procedures
in the ED.

• ED staff, meanwhile, clear a large front room
to accommodate the stroke care team.

• Upon receiving a call from the paramedics,
ED staff telephone or page the radiologists, neu-
rologists, and neurosurgeons, alerting them 
to watch for X-rays and CT scans transmitted

electronically, usually over the Internet.
• Word goes out to URMC’s lab and radiology

technicians to stand by for tests.
• If a blood sample is not ready upon arrival,

the ED nurse draws it within 10 minutes, or calls
a physician if it has to be drawn from a large
blood vessel. Testing rules out hypoglycemia.

• A nurse administers a stroke scale to deter-
mine the extent of brain injury.

As the specialists in Charlotte learned more
about t-PA through their consultation on URMC’s
cases, they spread the word to their peers. Soon,
Hartness and his team received invitations to
come to Charlotte and tell their story. 

“Here we were, the country cousins, telling the
city doctors about our new stroke treatment pro-
gram! It was a surprise to all of us that we were
using t-PA before the centers in Charlotte. We
usually expect it to be the other way around,” he
says.

URMC takes care of about 150 stroke episodes
each year. Here are a few of their t-PA statistics:

• The therapy has been administered 11 or 12
times, according to Hartness.

• Average arrival-to-CT-read cycle is under 45
minutes.

• T-PA starts in less than 60 minutes.
• More than 50% of the t-PA recipients experi-

ence complete, or nearly complete prevention of
long-term brain damage. In the clinical trials,1

patients treated with intravenous t-PA were at
least 30% more likely to have minimal to zero dis-
ability three months later.

Treatment costs are low

Recently, in a new URMC record of 25 minutes
for arrival-to-CT-read, t-PA spared a 91-year-old
man from spending the rest of his life paralyzed
and bedridden. It saved his family the ordeal and
expense of moving him to a nursing home. He
didn’t even need rehab after he left the hospital.

Economically, t-PA is a bargain when com-
pared to the cost of long-term disability, Hartness
explains. His point is clear in the case of another
URMC stroke patient. 

The age 40-something truck mechanic suf-
fered a severe ischemic stroke but arrived in
time for t-PA. He was able to walk out of the
hospital and go back to work after a brief recov-
ery period. “In that case, we saved two bread-
winners — the mechanic and his wife, who
would have had to quit working to take care 
of her husband,” Hartness notes.
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Hartness credits part of URMC’s complication-
free track record to conservative adherence to the
time and patient profile guidelines. “About 80%
of the hemorrhaging from the drug comes in
cases where it is given outside of the guidelines.
But we’ve also been very fortunate,” he concedes.
“Sooner or later, we will experience complica-
tions.” Even with timely administration, the 
drug can cause cerebral hemorrhaging for some
patients.

In the clinical trials, 6.4% of the t-PA recipients
had brain hemorrhage; only 0.6% of the placebo
recipients had similar problems. Three months
post-stroke, mortality was 17% in the t-PA group
and 21% in the placebo group. Hartness empha-
sizes the cerebral hemorrhage risks from using
the drug more than three hours after the stroke
usually outweigh potential therapeutic benefits.

Early in the stroke care initiative, the emphasis
was on coordination of the clinical response, he
says. “Now we’re ready to get the information to
the community that there is something we can do
for strokes, if they can get in here fast enough.”
The local news media have cooperated by run-
ning newspaper, radio, and television stories.
Community groups sponsor educational pro-
grams. “People are starting to get the point that
they should act fast when they see the symptoms
in themselves or in their loved ones,” Hartness
notes.

Eventually, URMC will work with the schools to
introduce stroke symptom recognition into the sci-
ence curricula. The goal is for children to carry the
message home. With that goes the never-ending
emphasis on prevention. According to Hartness,
smoking is quite prevalent in the area. His obser-
vation is confirmed by a recent study2 conducted
by the National Center for Health Statistics of the
Centers for Disease Control and Prevention in
Atlanta. Hypertension is disproportionately high
among residents of southern states, especially
middle-aged, non-Hispanic white men living in
nonmetropolitan regions.

Doing what works locally

The stroke treatment program at URMC grew
out of the VHA’s Clinical Advantage initiative.
VHA is a nationwide network, based in Irving,
TX, whose membership comprises community-
owned health care organizations and physicians.
Clinical Advantage is a member resource for
converting clinical knowledge into patient care
practices.

The hallmark of the effort, according to VHA
vice president for clinical affairs, Stacy Cinatl, is
the interplay between standardization and flexi-
bility. One set of practices or objectives cannot
work for all VHA organizations, as the member-
ship runs the gamut from academic medical cen-
ters to rural clinics. 

Available care improvement programs include:
Acute myocardial infarction, medical error reduc-
tion, and congestive heart failure. The theme is
“Here’s the science, find ways to make it work in
your organization.”

The Clinical Advantage stroke care program
involves five domains:

1. Coordination of care
2. Saving brain
3. Preventing complications
4. Secondary stroke prevention
5. Restoration of function
Participating institutions learn how to apply

proven change methodologies like rapid-cycle
change as taught by the Institute for Healthcare
Improvement in Boston, and PICOS, the QI
improvement process introduced by General
Motors in Detroit, as applied in the manufactur-
ing world. Collaboration and information-shar-
ing take place through VHA-sponsored chat
rooms monitored by experts, and shared litera-
ture reviews, case studies, and care techniques.

Are primary care facilities next?

The experience at URMC makes a strong case
for the potential of applying complex medical
processes in primary care facilities. The keys 
are strict adherence to proven guidelines and
creative partnering of human and technical
resources. 

“Everybody has to look at how resources are
being used in their institutions. Start asking
‘Who could learn new skills? How can we find
the consultants to fill in for our knowledge limi-
tations?’” Hartness suggests. “At first people
here didn’t think they could learn what they
needed to know to use t-PA, but the enthusiasm
grew when they saw that we got good results
from tweaking our work processes and applying
the drug protocol. Now, everyone is very proud
of our success and nobody wants to be the rea-
son it doesn’t work.” 

Cinatl predicts that consumer demand will
grow as people learn about t-PA through local
media and articles like the one in a recent issue of
Good Housekeeping.3
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Does aspirin interfere 
with benefits of ACEI?
By Aileen Luzier, PharmD
Assistant Professor
School of Pharmacy
University at Buffalo
Buffalo, NY

The impact of aspirin on the therapeutic ben-
efits of angiotensin converting enzyme

inhibitors (ACEI) has been a topic of intense
research for nearly two decades. ACEIs are con-
sidered first-line therapy in the treatment of
heart failure and are recommended for the pre-
vention of heart failure in post-myocardial
infarction patients.1,2

Aspirin is widely recommended for both pri-
mary and secondary prevention of cardiovascular
events, particularly in ischemic heart disease — 
a significant etiologic factor in heart failure.3,4

Thus many patients are appropriately treated
with both of these agents. However, there is a
growing body of evidence that questions the
simultaneous use of ACEIs and aspirin.5

The weight of some recent studies supports the
presence of an interaction between these agents.
However, the clinical relevance of the interaction
remains unanswered. The Warfarin-Antiplatelet
Trial in Chronic Heart Failure (WATCH) is a large
clinical trial currently in progress that will pro-
vide important insight into this issue. Until the
answers are available, the clinician should be

aware of the potential for aspirin to attenuate the
beneficial effects of ACEIs. However, given the
weight of evidence that supports the use of ACEI
and aspirin therapy, clinicians are obligated to
use the agents together in appropriate patients.
Clinicians should be encouraged to titrate ACEIs
to doses recommended by current guidelines. As
lower doses of aspirin theoretically may interfere
less with the effects of ACEIs than higher doses, it
may be prudent to use smaller doses of aspirin
(80 mg to 160 mg daily) for the prevention of car-
diovascular events in these patients. 

The evidence for a pharmacologic interaction
between ACEIs and aspirin is in the form of theo-
retical mechanistic considerations, animal data,
small drug interaction studies, and clinical trials.

Theoretical

In addition to inhibiting the formation of
angiotensin II, ACEIs also inhibit the enzyme
kininase II that is responsible for the degrada-
tion of kinins. This results in potentiation of the
biologic effects of kinins and enhances the pro-
duction of prostaglandins. 

The primary mechanism of aspirin is to de-
crease platelet aggregation through the inhibition
of prostaglandin (and thromboxane) production.
As the two agents have opposite effects on prosta-
glandins, concern has been raised that aspirin
may nullify the beneficial effects of ACEIs. 

This interaction has greater significance with
the recent understanding of the biologic role of
kinins in the regulation of vascular tone, myo-
cardial contractility and ventricular remodeling,
modulation of neuroendocrine activation, and
influence over the response to tissue injury or
stress.6,7 

Animal studies 

The interaction of aspirin and ACEIs has been
investigated in animal models. Aspirin reduced
endothelium-dependent relaxation induced by
captopril in the canine model.8

The role of prostaglandins in maintaining
renal function has been clearly shown; however,
conflicting results have been reported on the
effects of aspirin on renal responses in ACEI-
treated animals.9,10 The beneficial effects of ACE
inhibition, and specifically the role of bradykinin
on ventricular remodeling — the hallmark of
heart failure — also has been studied in animal
models. Aspirin administration was shown to
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attenuate the beneficial effects of ACEIs on post-
myocardial infarction ventricular remodeling.11

Interaction studies 

Several small studies in heart failure patients
have investigated the effects of the combination
of aspirin and ACEIs on hemodynamics, renal
function, and pulmonary dynamics. A 350 mg
dose of aspirin abolished enalapril-induced
decreases in left ventricular filling pressures, sys-
temic and vascular resistances, and increases in
cardiac output.12 Subsequent studies also showed
decreased vasodilatory activity of ACEIs with
concomitant aspirin.13,14

In contrast, several studies that only assessed
peripheral hemodynamics (rather than central
hemodynamics or cardiac output) did not
demonstrate an interaction. Aspirin did not
influence the mean blood pressure response to
25 mg of captopril or 5 mg to 10 mg of enalapril
when administered at a dose of 236 mg and 250
mg, respectively.15,16 Other investigations have
demonstrated that co-administration of aspirin
and ACEIs can be detrimental to renal function
in patients with heart failure.17,18

A series of studies by Guazzi and fellow
researchers has investigated the interaction in
heart failure patients using pulmonary function
testing. Several issues support this methodology.
The lungs are an important site for prostaglandin
production, release, and metabolism, and ACEIs
improve pulmonary function and thus exercise
performance in heart failure patients, an effect
thought to be due to prostaglandin activation.
Guazzi has demonstrated a counteracting effect
of aspirin (325 mg) on ACEI-induced improve-
ments, assessed through changes in exercise tol-
erance, pulmonary carbon monoxide diffusion,
and oxygen consumption.19,20

The interaction was not observed with losar-
tan, an angiotensin II antagonist that does not
influence bradykinin or prostaglandin produc-
tion. In addition, the interaction was demon-
strated with chronic dosing of the agents, in
contrast to the acute dosing used by many of 
the previously mentioned studies.

Clinical trials

Subanalyses of large clinical trials also have
suggested a negative interaction between aspirin
and ACEIs. Enalapril did not improve survival
among a subgroup of heart failure patients taking

aspirin in the SOLVD trial.21

Similarly, patients in the CONSENSUS II trial
who were taking aspirin had a smaller mortality
benefit from enalapril compared to those who
were not taking aspirin.22 In contrast to this data,
a subanalysis of the Benzafibrate Infarction
Prevention (BIP) study observed lower five-year
mortality in coronary artery disease patients who
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Expert commentary

David S. Roffman, PharmD, BCPS,
associate professor at University 

of Maryland’s School of Pharmacy in
Baltimore and a therapeutic consultant for
the cardiac care unit in the university’s
medical system, has a slightly different
take on the data discussed by Aileen
Luzier, PharmD. (See article, p. 33.) 

“My bias is that the degree of the signifi-
cance of this interaction is not fully under-
stood,” Roffman says. “Dr. Luzier states that
upfront in talking about the one study that
may provide some more evidence one way
or the other. 

“I’m not sure that particular trial will pro-
vide all the answers, because it’s not a head-
to-head study of small dose vs. large dose in
the face of ACEIs [angiotensin converting
enzyme inhibitors]. 

“But I think the conclusion I would make
at this point, in terms of clinical utility of
these two drugs together, is that the weight 
of the evidence of the effectiveness of aspirin
and the effectiveness of ACEIs in people
with coronary disease and CHF is so clear
that even if there is a potential reduction in
the benefit, we are obliged to still use the
two drugs together. 

“There are not enough data that say the
reduction of the effect of ACEIs by aspirin is
significant enough an outcome that we
shouldn’t do this. The question is, ‘Should
we or should we not?’

“If there is a dose-related argument here,
which I admit may be part of the reason the
data are a little confusing, given what we
know about the beneficial effects of aspirin
and the beneficial effects of ACEIs in people
with heart failure of ischemic etiology, there
is little choice but to use both drugs.”  ■



were treated with both aspirin and ACEIs.23

Lower mortality (24% vs. 34%, p=0.001) was
also observed in a subgroup of patients with con-
gestive heart failure who received the combina-
tion vs. those who only received ACEI therapy.

Why discrepancies in literature?

There may be several explanations for the dis-
crepancies in the literature. The dose of aspirin
used may influence the results. Aspirin exhibits
dose-dependent inhibition of platelet thrombox-
ane A2 synthesis. At low doses (£100 mg/day)
aspirin selectively inhibits platelet thromboxane
A2 synthesis.24

Higher doses (³160 mg/day) reduce renal and
systemic prostaglandin synthesis.25 If prosta-
glandins are partially responsible for the clinical
effects of ACEIs, higher daily doses of aspirin
should be more prone to blunting their effects
than lower doses. 

Differences may be related to the different 
populations studied, as the role of kinins may be
more significant in post-myocardial infarction
and heart failure patients (CONSENSUS II and
SOLVD, respectively) than in chronic ischemic
heart disease (BIP registry). Also, it must be
emphasized that the clinical trial data presented
are retrospective subanalyses and caution must
be exercised in their interpretation. 

At this time, there are considerable data to
support the presence of an interaction between
these agents. However, it is difficult to draw
any conclusions about the clinical significance
of the interaction. 

Until answers are provided by large controlled
clinical trials of long-term therapy that directly
addresses this question, clinicians are obligated to
use the agents concurrently.

References

1. Konstam MA, Dracup K, Baker DW, et al. Heart failure:
Evaluation and care of patients with left ventricular systolic
dysfunction. Clinical Practice Guideline No. 11 — Heart Failure.
Rockville, MD: Agency for Health Care Policy and Research;
1994. (AHCPR publication no. 94-0612.) 

2. Guidelines for the evaluation and management of heart
failure: Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guide-
lines (Committee for the evaluation and management of
heart failure). Circulation 1995; 92(9):2,764-2,784.

3. Antiplatelet Trialists’ Collaboration. Collaborative
overview of randomised trials of antiplatelet therapy-I:
Prevention of death, myocardial infarction, and stroke by

prolonged antiplatelet therapy in various categories of
patients. BMJ 1994; 308:81-106.

4. Teerlink JR, Goldhaber SZ, Pfeffer MA. An overview
of contemporary etiologies of congestive heart failure. 
Am Heart J 1991; 121:1,852-1,853.

5. Cleland JG, Bulpitt CJ, Falk RH, et al. Is aspirin safe for
patients with heart failure? Br Heart J 1995; 74:215-219.

6. Linz W, Wiemer G, Gohlke P, et al. Contribution of
kinins to the cardiovascular actions of angiotensin-convert-
ing enzyme inhibitors. Pharmacol Rev 1995; 47:25-49.

7. Dzau VJ, Packer M, Lilly LS, et al. Prostaglandins in
severe congestive heart failure. Relation to activation of the
renin-angiotensin system and hyponatremia. New Engl J Med
1984; 310:347-352.

8. Moroi M, Akatsuka N, Fukazawa M, et al. Endothelium-
dependent relaxation by angiotensin-converting enzyme
inhibitors in canine femoral arteries. Am J Physiol 1994;
266:583-589.

March 2000 / CHF DISEASE MANAGEMENT™ 35

CHF Disease Management™ (ISSN# 1098-6014) is published monthly by
American Health Consultants®, 3525 Piedmont Road, Building Six, Piedmont
Center, Suite 400, Atlanta, GA 30305. Telephone: (404) 262-7436. Application to
mail at periodical rates is pending at Atlanta, GA 30304. POSTMASTER: Send
address changes to CHF Disease Management™, P.O. Box 740059, Atlanta, GA
30374.

Opinions expressed are not necessarily those of this publication. Mention of
products or services does not constitute endorsement. Clinical, legal, tax, and
other comments are offered for general guidance only; professional counsel
should be sought for specific situations.

American Health Consultants is accredited as a provider of continuing
education in nursing by the American Nurses Credentialing Center’s Commission
on Accreditation. Provider approved by the California Board of Registered
Nursing, Provider Number CEP 10864, for approximately 18 contact hours. 

American Health Consultants is accredited by the Accreditation Council for
Continuing Medical Education (ACCME) to provide continuing medical education
for physicians. 

American Health Consultants designates this continuing medical education
activity for up to 18 hours in Category 1 credit toward the AMA Physician’s
Recognition Award. Each physician should claim only those hours of credit that
he/she actually spent in the educational activity.
Editor: Dorothy Pennachio, (201) 760-8700, (dorothy.pennachio@medec.com).
Group Publisher: Brenda Mooney, (404) 262-5403,

(brenda.mooney@medec.com).
Executive Editor: Susan Hasty, (404) 262-5456,

(susan.hasty@medec.com).
Managing Editor: Coles McKagen, (404) 262-5420,

(coles.mckagen@medec.com).
Production Editor: Ann Duncan.
Copyright © 2000 by American Health Consultants®. CHF
Disease Management™ is a trademark of American Health
Consultants®. The trademark CHF Disease Management™

is used herein under license. All rights reserved.

Editorial
Questions

For questions or
comments, call 
Coles McKagen

at (404) 
262-5420.

Subscriber Information
Customer Service: (800) 688-2421 or fax (800) 284-3291.
E-mail: customerservice@ahcpub.com. World Wide Web:
www.ahcpub.com. Hours: 8:30-6:00 Monday-Thursday; 
8:30-4:30 Friday.
Subscription rates: U.S.A., one year (12 issues), $279.With CE or CME, $329.
Outside U.S., add $30 per year, total prepaid in U.S. funds. One to nine addi-
tional copies, $223 per year; 10 to 20 additional copies, $167 per year. For more
than 20 issues, contact customer service for special arrangements. Missing
issues will be fulfilled by customer service free of charge when contacted within
1 month of the missing issue date. Back issues, when available, are $47 each.
(GST registration number R128870672.)
Photocopying: No part of this newsletter may be reproduced in any form 
or incorporated into any information retrieval system without the written
permission of the copyright owner. For reprint permission, please contact
American Health Consultants®. Address: P.O. Box 740056, Atlanta, GA 30374.
Telephone: (800) 688-2421.



9. Hartman JC. The role bradykinin and nitric oxide in the
cardioprotective action of ACE inhibitors. Ann Thorac Surg
1995; 60(3):789-792.

10. Evans MA, Burnett JC Jr., Redfield MM. Effect of low
dose aspirin on cardiorenal function and acute hemody-
namic response to enalaprilat in a canine model of severe
heart failure. J Am Coll Cardiol 1995; 25:1,445-1,450.

11. Stauss HM, Zhu YC, Redlich T, et al. Angiotensin-con-
verting enzyme inhibition in infarct-induced heart failure in
rats: Bradykinin versus angiotensin II. Journal of Cardiovas-
cular Risk 1994; 1:255-262.

12. Hall D, Zeitler H, Rudolph W. Counteraction of the
vasodilator effects of enalapril by aspirin in severe heart fail-
ure. J Am Coll Cardiol 1992; 20:1,549-1,555.

13. Nakamura M, Funakoshi T, Arakawa N, et al. Effect
of angiotensin-converting enzyme inhibitors on endothe-
lium-dependent peripheral vasodilation in patients with
chronic heart failure. J Am Coll Cardiol 1994;24:1,321-1,327.

14. Spaulding C, Charbonnier B, Cohen-Solal A, et al.
Acute hemodynamic interaction of aspirin and ticlopidine
with enalapril: Results of a double-blind, randomized com-
parative trial. Circulation 1998; 98:757-765.

15. Van Wijngaarden J, Smit AJ, de Graeff PA, et al.
Effects of acetylsalicylic acid on peripheral hemodynamics
in patients with chronic heart failure treated with
angiotensin-converting enzyme inhibitors. J Cardiovasc
Pharmacol 1994; 23:240-245.

16. Baur LH, Schipperheyn JJ, van der Laarse A, et al.
Combining salicylate and enalapril in patients with coronary
artery disease and heart failure. Br Heart J 1995; 73:227-236.

17. Riegger GA, Kahles HW, Elsner D, et al. Effects of
acetylsalicylic acid on renal function in patients with chronic
heart failure. Am J Med 1991; 90:571-575.

18. Dietz R, Nagel F, Osterziel KJ. Angiotensin-converting
enzyme inhibitors and renal function in heart failure. Am J
Cardiol 1992; 70:119C-125C. 

19. Guazzi M, Marenzi G, Alimento M, et al.
Improvement of alveolar-capillary membrane diffusing
capacity with enalapril in chronic heart failure and counter-
acting effect of aspirin. Circulation 1997; 95:1,930-1,936.

20. Guazzi M, Pontone G, Agostoni P. Aspirin worsens
exercise performance and pulmonary gas exchange in patients
with heart failure patients who are taking angiotensin-convert-
ing enzyme inhibitors. Am Heart J 1999; 138:254-260.

21. Al-Khadra AS, Salem DN, Rand WM, et al.
Antiplatelet agents and survival: A cohort analysis from the
Studies of Left Ventricular Dysfunction (SOLVD) trial. J Am
Coll Cardiol 1998; 31:419-425.

22. Nguyen KN, Aursnes I, Kjekshus J. Interaction
between enalapril and aspirin on mortality after acute
myocardial infarction: Subgroup analysis of the Cooperative
New Scandinavian Enalapril Survival Study CONSENSUS
II. Am J Cardiol 1997; 79:115-119.

23. Leor J, Reicher-Reiss H, Goldbourt U, et al. Aspirin
and mortality in patients treated with ACE inhibitors: A
cohort study of 11,575 patients with coronary artery disease.
J Am Coll Cardiol 1999; 33(7):1,920-1,925.

24. Patrignani P, Filabozzi P, Patrono C. Selective cumula-
tive inhibition of platelet thromboxane production by 
low-dose aspirin in healthy subjects. J Clin Invest 1982;
69:1,366-1,372.

25. FitzGerald GA, Oates JA, Hawiger J. Endogenous
biosynthesis of prostocyclin and thromboxane and platelet
function during chronic administration of aspirin in man. 
J Clin Invest 1983; 71:676-688.  ■

36 CHF DISEASE MANAGEMENT™ / March 2000

Kay Ball
RN, MSA, CNOR, FAAN

Perioperative
Consultant/Educator

K & D Medical
Lewis Center, OH

Jane M. Geraci, MD, MPH
Assistant Professor

Veterans Affairs Medical
Center

Baylor College of Medicine
Houston

Stephen S. Gottlieb, MD 
Medicine/Division of

Cardiology
Associate Professor of

Medicine
University of Maryland

Baltimore

Edward K. Kasper, MD
Cardiology Assistant Professor

Johns Hopkins Hospital
Johns Hopkins University

Baltimore

Roger J. Laham, MD
Division of Cardiology

Harvard Medical School
Beth Israel Deaconess

Medical Center
Boston

George A. Mensah
MD, FACP, FACC

Chief of Cardiology
Head of Cardiovascular Care

Veterans Affairs Medical
Center

Augusta, GA 

Sharon L. Merritt
RN, MSN, EdD

Associate Professor
College of Nursing

The University of Illinois
Chicago

Tarik M. Ramahi, MD
Assistant Professor
Internal Medicine/

Cardiovascular Medicine
Director

Heart Failure and
Transplant Cardiology

Yale University
New Haven, CT

David S. Roffman
PharmD, BCPS

Associate Professor
Pharmacy Practice and

Science
School of Pharmacy

Therapeutic Consultant
Cardiac Care Unit

UMMS
University of Maryland

Baltimore

EDITORIAL ADVISORY BOARD

CE objectives 

After reading CHF Disease Management,
health care professionals will be able to:

1. Identify management, clinical, educa-
tional, and financial issues relevant to the
care of CHF patients.

2. Explain how those issues affect CHF
patients and the providers who care for
them. 

3. Describe practical ways to solve 
problems commonly encountered by 
care providers in their daily activities.  ■


