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The course of patients with New York Heart
Association (NYHA) class III and IV and refractory
heart failure symptoms is characterized by progressive
clinical deterioration and frequent hospital
readmissions. The value of intermittent intravenous
administration of inotropes in managing this group of
patients in the outpatient setting has been
controversial. In this study, patients with refractory
heart failure symptoms were enrolled to assess the
impact of a multidisciplinary outpatient program in
terms of on hospital admissions, emergency room
visits, and interval free of symptoms after
administration of inotropes. This is a retrospective
analysis on 41 patients with refractory heart failure
treated at our outpatient cardiac infusion unit over a
20 month period. Thirteen patients with a NYHA class
I11 [age 64 = 13; LVEF 27 + 9%] and 28 patients with
aNYHA class IV [age 65 £ 13 years; LVEF 21 = 9%],
mostly males, were included. A total of 65 admissions

6-months prior to initiation of the outpatient program;
compared to only 4 emergency room visits and 7
hospital admissions after enrollment. Furthermore, 17
patients have been discharged with improvement in
NYHA class from 3.5 £ 0.6 to 1.4 £ 0.5. On these
patients, the interval free of symptoms since the last
infusion treatment has ranged from 201 to 489 days,
without emergency room visits or hospital admissions
for congestive heart failure. The results of this study
support the use of intermittent infusion of inotropes
in the outpatient setting. Although the natural history
for patients with refractory heart failure has been
grim; the use of these intermittent infusions may in
fact alter the natural course of end stage congestive
heart failure patients and deserves further
investigation.
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for decompensated HF were recorded in the previous
ongestive heart failure is a chronic debilitating
cardiac illness that currently affects over 4 million

C Americans and its incidence continues to increase
with 400,000 new cases expected each year (1,2). Over
the past 20 years, death rates for congestive heart failure
have increased considerably (3). This increase in death
rates is attributed to aging of the population and advances
in the treatment of coronary artery disease, valvular heart
disease, and hypertension, that prolong life span (4).
Patients with congestive heart failure live approximately

4 to 5 years, but nearly all of them have dyspnea and
shortness of breath that limits exercise capacity and
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compromises quality of life (5). The three-year mortality
for congestive heart failure is mainly related to severity
of symptoms and ranges from'40% in asymptomatic
patients with a NYHA class I to 82% in those patients
with symptoms at rest, a NYHA class IV (6).

Hospital readmission rates for congestive heart failure
range from 16 to 47.5% at one year (7). Half of the
readmitted patients have advanced stages of congestive
heart failure, requiring costly and prolonged hospital stays
(8). Recent estimates showed that congestive heart failure
accounts for nearly | million hospital admissions per year,
atan estimated annual cost in excess of $7 billion or 5.4%
of the total Federal health care expenditure (9). Medicare
alone spent almost 1.5 times more in hospitalizations for
congestive heart failure than for myocardial infarction and
twice as much as for all forms of cancer (10).

New interventions are being considered to improve
patient’s survival and quality of life, and reduce hospital
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admissions and emergency room visits. One such
intervention is the intravenous administration of inotropic
agents to improve cardiac performance. Traditionally,
intravenous infusions of inotropes has been initiated in
patients hospitalized with decompensated heart failure and
results in dose-dependent hemodynamic benefits (11).
There has been a marked increase in the intermittent or
continuous use of such therapy in the outpatient setting
(11-13). Proponents of these therapies claim that this
intervention results in substantial improvement in the
quality of life scores and the functional capacity status
(12).

We intend to determine the specific impact of
intermittent infusion of inotropes on patients with
refractory congestive heart failure symptoms, already on
optimal standard therapy, referred to an outpatient facility.
We identified the number of patients who benefit from
outpatient inotrope infusions, the number of emergency
room visits and hospital admissions due to congestive
heart failure, the change in functional capacity, and the
symptom-free interval after the administration of inotropes
in the outpatient setting.

Methods

Patient selection. Patients with a NYHA class III and
IV and refractory congestive heart failure that were
referred to the outpatient cardiac infusion unit were
evaluated for this study. All the patients met the following
inclusion criteria: a) had refractory symptoms compatible
with NYHA class III or IV heart failure; b) were receiving
maximal oral therapy with digitalis, diuretics, angiotensin-
converting enzyme inhibitors or hydralazine-isosorbide
dinitrate combination; and c) confirmation of the cardiac
diagnosis by one or more tests (echocardiogram, cardiac
catheterization, MUGA scan, or cardiopulmonary stress
test). Patients were excluded from participation if they
had a) an acute myocardial infarction within three months;
b) unstable ventricular arrhythmias within three months;
¢) aortic or mitral valve stenosis; d) hypertrophic
cardiomyopathy; €) intracardiac masses or thrombus; f)
history of repeated noncompliance; g) history of alcohol
or drug abuse; h) pregnancy. All medications were
continued upon admission to the outpatient cardiac
infusion unit. Diuretics were given at each session as
required, depending on clinical signs and body weight.
Potassium and magnesium sulphate supplements were
adjusted according to serum levels.

Outpatient cardiac infusion treatments. Once the
eligibility criteria were met, the patients were then
assigned to receive either intravenous dobutamine or
milrinone, as requested by their attending cardiologist.
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The following doses were used for dobutamine and
milrinone: a) low dose was 2.5 mg/Kg/min and 0.375 mg/
Kg/min, respectively, b) medium dose was 5.0 mg/Kg/
min and 0.50 mg/Kg/min, respectively. During the first
two infusion sessions the low dose was administered for
one hour followed by two hours of the medium dose and
finally concluding with one hour of the low dose. This
proved to be both safe and well tolerated by the patients.
In the following infusion sessions, the medium dose was
then given for four hours with similar tolerance. At each
session, individual assessments were performed by a nurse
practitioner and a registered nurse.

The following clinical criteria were used in all patients
during every session to assess the individual response to
each infusion dose: a) systolic blood pressure greater than
90 but less than 150 mmHg; b) heart rate below 130 beats
per minute; c) cardiac rhythm without the development
of new atrial or ventricular arrhythmias, including
premature ventricular depolarizations; and d) free of
symptoms such as anxiety, palpitations, chest pain, nausea,
vomiting, or increased shortness of breath. If side effects
occurred, the dose of the intravenous drug was reduced
or discontinued. However, in the event of this occurrence,
re-institution of the treatment was encouraged at a later
time with a lower infusion dose.

Treatments were started two or three times a week for
a4 hour period. Those patients started on a three times a
week schedule were: a) decompensated class IV patients;
b) the recently-discharged from a hospitalization for
decompensated congestive heart failure; c) those patients
whose quality of life score was less than 10; d) those
unable to ambulate or with a functional capacity score
less than 500 meters. The patients initially started on a
two times a week schedule were a) patients witha NYHA
class III - IV; b) those with a quality of life score more
than 10; c) those with a functional capacity score more
than 750 meters. Each treatment cycle was then given
for a four to eight week period and symptoms, physical
findings, and clinical response reassessed. In case of
improvement, the treatment cycle was then continued at
the same interval or reduced accordingly. In the cases
with continuous symptomatic improvement, infusion
therapy was then weaned over a period of four treatments,
each one once a week. Upon discharge from the outpatient
cardiac infusion unit, patients were then followed at our
outpatient congestive heart failure clinic weekly for two
visits; biweekly for two visits, monthly for two visits, and
then every two months.

The analysis was performed with the intention-to-treat
population, to ensure that all patients were included in
the analysis, and to avoid bias from missing data. Results
are expressed as mean values + standard deviation. The
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distributions of the continuous variables were examined,
and all the variables showed normal distribution.
Comparison between groups for pre-test differences in
independent variables were made using the Student’s ¢
test for unpaired samples. Analysis of variance with post
hoc testing was used for multivariate
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treatment (Table 1). None of the patients was intolerant
to the inotrope or inodilator infusion, except for the
development of arrhythmias as described below. No other
significant side effect was reported. A total of 879
individual outpatient treatment sessions were given, with
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amean of 21.4 sessions (10.2 + 2 weeks) per patient (range
5 to 118 sessions).

In all patients, it was quite evident that the potential to
estimate either a negative or a positive clinical response
to the intermittent infusion of inotropes was noticeable
after 8 = 2 treatment sessions. This clinical response was
sustained in all the patients who were eventually
discharged from the program. Similarly, a lack of a
significant response during the same time period was
noted in all the patients that eventually failed therapy and
required either admission to the hospital due to intractable
heart failure or continuous infusion of the inotrope agent.

A total of 3536 hours of inotrope therapy were
administered in the outpatient cardiac infusion unit, over
a 20 month period. During this interval, two patients
developed new onset atrial fibrillation with controlled
ventricular rate; one patient had non-sustained ventricular
arrhythmias requiring elective hospitalization for
treatment with amiodarone; and one patient had sustained
ventricular fibrillation requiring immediate electrical
defibrillation and subsequent implantation of an internal
cardiac defibrillator device. All these arrhythmias were
noted within the first 6 to 8 treatment sessions. None of
the patients developed subsequent supra or ventricular
arrhythmias.

In terms of the type of agent received during the
intermittent outpatient infusion treatments, nine patients
received the inodilator, milrinone; four patients received
both milrinone and dobutamine at some time during their
treatment, and twenty-eight patients received only
dobutamine. Of the patients that received milrinone at
any time during the treatment, 5 died, 4 required
continuous home infusion due to lack of clinical response,
2 were discharged from the program due to symptomatic
improvement, and 2 quit the program. Of the patients that
were treated with dobutamine, 4 died; 4 quit the program;
5 are still receiving intermittent infusions at our unit with
continued improvement and 15 patients had improved
enough to be discharged from the program. Although the
numbers are to small to derive any statistical analysis, the
following 'ﬁndings in our population are evident. Of those
patients who received milrinone at any time during
treatment 5 patients (39%) died while 2 patients (15%)
were eventually discharged from the program due to
symptomatic improvement. In contrast, of those patients
who received dobutamine at any time during treatment 4
patients (13%) died while 15 patients (47%) were
eventually discharged from the program due to
symptomatic improvement.

A second remarkable finding of this study, in addition
to the number of patients discharged from the program
due to symptomatic improvement, was the decrease in
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emergency room visits and hospital admissions for this
group of patients (Table 2). Most remarkable, was the
fact that in the group of 41 patients, there were 65
admissions for decompensated congestive heart failure
in the previous 6-months prior to initiation of the
outpatient program; compared to only 4 emergency room
visits and 7 hospital admissions after starting the program.

Table 2. Distribution of emergency room visits and hospital
admissions for the totz] patient group.

Patient ER visit

Hospital admission
Cholelithiasis

1 Nausea and vomiting

1  None Mental changes

3 None Decompensated heart failure
4  Fever and toe pain Toe amputation

4  Mental changes Hypoglycemia

5  Shortness of breath Decompensated heart failure
5  Shortness of breath Decompensated heart failure
8 None Status | heart transplant. list
10 None Status | heart transplant list

11 None Transplant work-up

12 None Takedown of an enterocutaneous fistula
14  Mental changes lllicit drug overdose

18 None Status | heart transplant list
19  None Decompensated heart failure
20 None Abdominal pain
20 None Sepsis
23 None Ventricular tachycardia
24 Shortness of breath Decompensated heart failure
27  Shortness of breath Decompensated heart failure
29 None Failure to thrive
30 None Hypotension
30 Chest pain Rule out myocardial mfarction
33 Syncope Negative EPS
33 None Sepsis
34 None Decompensated heart failure
36 None Syncope: inducible VT on EPS (ICD)
38 None Start amiodarone therapy
41 Fever and chills Sepsis

A total of 11 emergency room visits were recorded, only
4 were related to decompensated congestive heart failure.
In terms of hospital admissions, 11 (39%) admissions were
not related to any cardiac complaints; 7 (25%) admissions
were due to decompensated congestive heart failure, 4
(14%) admissions for heart transplant; 3 (11%) admissions
for arrhythmia evaluation and 3 (11%) admissions for
sepsis. Six patients were readmitted twice for separate
medical issues. Nineteen patients never required a single
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emergency room visit or hospital admission. The reduction
in hospital readmissions was probably related to the
statistically significant improvement seen in NYHA class
after initiation of the outpatient infusion program.

Another remarkable finding of this study was the
persistent symptom-free interval after administration of
inotropes in the outpatient setting. The length of time
(mean + SD) without evidence of congestive heart failure
decompensation since the last infusion treatment has been
186 £ 100 days (range 60 to 356 days) on those patients
who improved enough to be discharged from the program.
The total amount of days since the last infusion treatment
for each individual patient, that completed the
administration of inotropes in the outpatient setting, is
shown in Figure 1. None of these patients had required
emergency room visits or hospital admissions. The
patients had maintained their functional status since
completion of therapy.
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Figure 1. Bar graph representation of the individual days since
completion of the intermittent outpatient inotrope infusion pro-
gram for each consecutive patient discharged from the outpa-
tient infusion unit.

There were no deaths in the 14 NYHA class III patients
enrolled in our study and 8 patients (57%) successfully
completed inotrope therapy (Figure 2). In contrast, of
the 27 patients with NYHA class IV, 8 (30%) died and 9
(33%) completed therapy. These results might suggest
that earlier initiation of therapy may alter the natural
progression of this chronic debilitating cardiac illness and
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patient benefit may be obtained before overt cardiac
decompensation has already established.

704
[C__INYHA Cless 1l
[ZINYHA Class IV

601 t
2 504
[~
2
=
[=9
S 40
s
[¥]
g -
a 304 z

204

10

0
Dead Completed
* p<0.0001 therapy
+p<0.001

Figure 2. Comparison of outcomes from patients in terms of
their initial NYHA class.

Discussion

Our data supports previous reports suggesting that the
intermittent administration of inotropes in the outpatient
setting is well accepted and tolerated by patients with
refractory heart failure. In this study, four findings deserve
particular attention. First, that this is the first report to
ascertain therapy outcome as early as between 6 to 10
treatment session of the intermittent infusion of inotropes.
Second, that 42% of the patients admitted to the outpatient
cardiac infusion unit to receive treatments, two to three
times a week, for a period of 4 to 6 hours, were discharged
from the program due to symptomatic improvement.
Thus, a percentage of patients with symptoms refractory
to conventional standard therapy showed improvement.
Third, that the total number of emergency room visits
and hospital admissions due to decompensated heart
failure symptoms was low. And fourth, that there has been
a persistent clinical benefit for those patients that
completed the program without recurring signs or
symptoms of heart failure decompensation.

Previous reports have demonstrated that short-term,
intermittent intravenous inotropic therapy can be safely
administered to patients in the outpatient setting (11-16).
Widely cited mechanisms to explain this clinical response,
include the activation of myocardial and vascular cAMP,
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increased intracellular calcium levels, and subsequent
improvement in myocardial contractile protein apparatus
(17-22). These in turn results in enhanced inotropy,
reduced afterload, and reduced preload that is translated
into improved left ventricular performance that improves
functional class, exercise tolerance, and for some,
improves quality of life (11-16).

However, despite these improvements in myocardial
perfusion-energetics and associated drug-induced
peripheral processes, some arguments can be raised
against the use of intravenous inotropes as the sole
responsible intervention resulting in clinical benefit in
patients with refractory heart failure. First, the potential
hemodynamic benefits obtained by the use of inotropes,
may be offset by an increase in the number of sudden
deaths seen in earlier trials. In 1986 a parallel-controlled
multicenter trial using dobutamine was interrupted
prematurely due to a substantial higher mortality in the
dobutamine-treated group (16). Closer examination of
this trial revealed that the infusion protocol was too
aggressive, for dobutamine was continuously infused in
relatively high doses over a 48-hour period every week.
Also, oral inotrope agents have shown adverse effects on
morbidity and mortality during long-term use. However,
in arecent publication, DeMarco reviewed the trials using
nonglycoside inotropes and this summary disputes that
these agents result in an excess number of deaths due to
proarrhythmia (13). Third, in addition to the use of
inotropes, close patient monitoring with frequent
administration of intravenous diuretics and potassium
replacement, as well as patient education was part of our
protocol. Some investigators have recently shown that
these interventions, as used in our study, resulted in a
significant improvement in patients treated in an outpatient
setting (23). Therefore, the focused nature of our
multidisciplinary program and the fact that it had multiple
components may provide a sound explanation to account
for the benefits observed in our study. Fourth, the
concomitant optimization of drugs already proven to
reduce morbidity and mortality in patients with congestive
heart failure such as angiotensin converting enzyme
inhibitors (ACEi), angiotensin II blockers (Ang II) and
B-blockers could had been a crucial part in the
improvement of our patients (24-30). However, since
most of the patients in our study were receiving
dobutamine, B-blocker use was limited. Furthermore, with
a high number of patients with renal insufficiency or
intolerant to ACE;, the preferred alternate substitute was
the hydralazine-isosorbide dinitrate combination and only
one patient was treated with an Ang II. Therefore, based
on this drug profile, it will then be difficult to negate the
potential effect of inotropes.
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In view of these apparent conflicting views, a
prospective randomized double blinded placebo-
controlled study is needed to fully assess the independent
and possible additive effects of a multidisciplinary focused
program intervention with that of the intravenous
administration of inotropic agents. Furthermore, more
data is needed regarding the variables to consider when
deciding on either dobutamine or milrinone for a particular
patient. Particularly, in view of the results noted in our
study regarding discrepancies in terms of case fatalities
and number of patients discharged from the infusion
program because of improvement in symptoms on
dobutamine as compared to milrinone. Such a trial is
currently in he planning stage.

In terms of arrhythmic complications during the
intermittent infusion of inotropes, we noticed a small
number of arrhythmic events. These were limited to the
first 6 to 8 treatment sessions. Beyond this time period,
none of the patients developed any subsequent supra-or
ventricular arrhythmias. The only patient in our study
that had ventricular tachycardia/fibrillation was identified
prior to entering the program as a high-risk individual for
aventricular arrhythmia. Furthermore, no sudden cardiac
deaths have been reported in our patient population since
treatments had been started over a 20-month period. These
findings support the concept that although telemetry
monitoring is certainly essential during early therapy, its
need and the cost associated with continued monitoring
afterwards needs to be prospectively evaluated.

Hospital readmission represents a useful outcome for
analysis, reflecting both the frequency of clinical
decompensation and the major component of cost for heart
failure. In other studies, the major cause of hospital
readmission is usually heart failure decompensation and
reflects the severity of the heart failure (31). In our study,
only 7 hospital admissions were due to intractable heart
failure and 4 additional hospital admissions were for
cardiac transplant, during a 20-month treatment period.
Only 4 emergency room visits were attributed to
decompensated congestive heart failure. These results
argue favorably for this multidisciplinary approach;
particularly when compared to the projected 90-day
readmission rate of 42%, without intervention and at least
three or more hospitalizations in patients with refractory
heart failure as documented by Rich et al. (32).
Furthermore, Fonarrow and associates reported an 85%
decrease in the hospitalization rate in the six month period
after referral to an outpatient comprehensive program
without the use of inotropes (23).

One of the most remarkable observations, noted from
this study, relates to the length of time free of any evidence
of heart failure decompensation since the last infusion
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treatment (331 £ 105 days; range 201 to 489 days), on
patients discharged from the program. Furthermore,
during this time, only one patient was readmitted to the
hospital due to a non-Q wave myocardial infarction and
died of ventricular arrhythmias that appeared 310 days
after the last infusion. One patient has required multiple
admissions to the hospital due to infections associated to
hemodialysis but has not required any cardiac medication
adjustments. The other 15 patients have not required any
emergency room visits, admission to the hospital or any
unscheduled office visit. Most remarkably, no further
adjustment in medical therapy has been required during
follow-up, with the exception of occasional diuretic
adjustment for fluctuations in body weight. To our
knowledge, there are no similar reports in the literature
regarding this finding.

Only 41 patients were enrolled in this study with
significant functional impairment and relatively
compromised left ventricular ejection fraction. However,
with a mean age of 65 + 13 years and a high prevalence
of ischemic cardiomyopathy (68%); the applicability of
these results to other patients requires further study. The
mortality observed in our group was 19%. Although this
mortality is somewhat higher than the 11% reported
among transplant candidate groups, our patients were
older and had more comorbid conditions (33). In this
group, mostly composed of elderly patients, poor
compliance and fewer support systems are additional
recognized limitations that may account to the higher
mortality rates observed in this study (32).

Our study results support the findings of previous
reports that recommend the use of intermittent infusion
of inotropic therapy in the outpatient setting for patients
with refractory symptoms of congestive heart failure.
Specifically, our data suggests that the therapeutic
intervention presented in this study offers the potential
for a significant and sustained clinical improvement for
many patients with refractory heart failure. With this
approach, patients spend more time at home and less
emergency room visits and hospital admissions are needed
for decompensated heart failure. In addition, clinical
parameters to ascertain therapy outcome are easily
identified between the 6 to 10 treatment sessions of the
intermittent infusion of inotropes to determine which
patient will do well. Therefore, the implementation of this
intermittent infusion of inotropic agents may be worth
the risk to deliver, especially when no other therapeutic
alternative is available. Furthermore, although the
numbers are too small to derive any statistical analysis,
our findings at least suggest that earlier initiation of this
therapy should be considered since it may alter the natural
progression of this chronic debilitating cardiac illness.
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Resumen

En este estudio retrospectivo se describen los resultados
obtenidos en 41 pacientes ambulatorios con fallo cardiaco
severo que fueron tratados con infusiones intravenosas
de agentes inotropicos. Las variables estudiadas para
determinar el potencial terapéutico de este tratamiento
fueron el nimero de visitas a sala de emergencia y las
hospitalizaciones a causa de fallo cardiaco decompensado.
En adicidn, se contabilizé el tiempo que los pacientes
permanecieron libres de sintomas de decompensacion
cardiaca. En general este tratamiento fue bien tolerado
ya que sélo 4 visitas a sala de emergencia y 7
hospitalizaciones debido a fallo cardiaco decompensado
ocurrieron durante el periodo de tratamiento. Esto
compara favorablemente con las 65 admisiones requeridas
en los seis meses previos al estudio. A tenor con esta
mejoria se observé una reduccion substancial en la
clasificacién de la New York Heart Association al empezar
el tratamiento con la clasificacién al terminar el mismo
(3.5 +0.6 versus 1.4 0.5, respectivamente). Finalmente,
el tiempo en que estos pacientes permanecieron libres de
sintomas de decompensacion cardiaca desde la ultima
infusion del agente inotropico, vario de 201 a 489 dias;
sin una visita a sala de emergencia o necesidad de
hospitalizacion. Los resultados de este estudio corroboran
el beneficio del uso de infusiones de agentes inotrépicos
en pacientes ambulatorios con insuficiencia cardiaca.
Proponemos que aunque el pronostico de pacientes con
fallo cardiaco congestivo continia siendo pobre, el uso
de infusiones intravenosas de agentes inotropicos en
pacientes ambulatorios es una alternativa terapéutica.
Puede alterar favorablemente el curso clinico de estos
pacientes por lo que su uso merece ser intentado con
mayor frecuencia mientras se continua con la
investigacién mas a fondo de esta modalidad terapéutica.

References

1. Guidelines for the evaluation and management of heart failure. J
Am Coll Cardiol 1995;26:1376-98.

Kannel WB, Belenger AJ. Epidemiology in heart failure. Am Heart
J 1991;121:951-7

. Yusuf S, Thom T, Abbot RD. Changes in hypertension treatment
and in congestive heart failure mortality. Hypertension 1989;13(5
Suppl):174-9

Starling RC. The heart failure pandemic. changing patterns, costs,
and treatment strategie Cleveland Clinic J Med 1998;65:351-8.
Kannel WB, Plehn JF, Cupples LA. Cardiac failure and sudden
death in the Framingham Study. Am Heart J 1988;115:869-75.
Smith WM. Epidemiology of congestive heart failure. Am J Cardiol
1985;55:3A-8A.

Wolinski FD, Overhage JM, Stump TE, Lubitz RM, Smith DM.
The risk of hospitalization for congestive heart failure among older
adults. Med Care 1997;35:1031-43.



PRHSI Vol. 19 No. 2
June, 2000

20.

21,

Weinberger M, Oddone EZ, Henderson WG. Does increased access
to primary care reduces hospital readmissions? Veterans Affairs
Cooperative Study Group on Primary Care and Hospital
Readmissions. New Engl J Med 1996;334:1441-7.

. Heart Failure: management of patients with left-ventricular systolic

dysfunction. Quick reference guide for clinicians. no 11. AHCPR
Publication No. 94-0613. Rockville (MD): Agency for Health Care
Policy and Research, Public Health service, U.S. Department of
Health and Human Services, June 1994.

. O’Connell JB, Bristow MR. Economic impact of heart failure in

the United States: time for a different approach. J Heart Lung
Transplant 1994;13:S107-12.

. Leier CV, Binkley PF. Parenteral inotropic support for advanced

congestive heart failure. Progress in Cardiovasc Diseases
1998:41:207-24.

. Marius-Nunez AL, Heaney L, Fernandez RN, Clark WA, Ranganini

A, Silber E, Denes P. Intermittent inotropic therapy in an outpatient
setting: a cost-effective therapeutic modality in patients with
refractory heart failure. Am Heart J 1996;132:805-8)

. De Marco T, Chatterjee K. Refractory heart failure: a therapeutic

approach. J Intensive Care Med 1996;11:121-48.

. Miller LW, Merkle EJ, Herrmann V. Outpatient dobutamine for

end-stage congestive heart failure. Crit Care Med 1990;18:S30-
33.

. Harjai KJ, Mehra MR, Ventura HO, Lapeyre YM, Murgo JP,

Stapleton DD, Smart FW. Home inotropic therapy in advanced
heart failure: cost analysis and clinical outcomes. Chest
1997;112:1298-1303.

. Dies F, Krell MJ, Whitlow P. Intermittent dobutamine in

ambulatory outpatients with chronic cardiac failure. Circulation
1986;74:38 (abstract, Suppl II).

. Kates RE, Leier CV. Dobutamine pharmacokinetics in severe heart

failure. Clin Pharmacol Ther 1978;24:537-41.

. Carroll JD, Lang RM, Neumann AL. The differential effects of

positive inotropic and vasodilator therapy on diastolic properties
in patients with congestive cardiomyopathy. Circulation
1986;74:815-25.

. Sakamoto T, Yamada T. Hemodynamic effects of dobutamine in

patients following open heart surgery. Circulation 1977;55:525-
33.

Grose R, Strain J, Greenberg M, Lelemtel TH. Systemic and
coronary effects of intravenous milrinone and dobutamine effects
in congestive heart failure. ] Am Coll Cardiol 1986;7:1107-
Silver PJ, Harris AL, Canniff PC, Lepore RE, Bentley RG, Hamel

22.

23.

24,

25.

26.

27.

28.

29.

30.

3

—

32.

33.

Ambulatory Inotropes Infusion: One Year Analysis
Lapez-Candales et al.

LT, Evans DB. Phosphodiesterase isoenzyme inhibition, activation
of the cAMP system, and positive inotropy mediated by milrinone
in isolated guinea pig cardiac muscle. J Cardiovasc Pharmacol
1989;13:530-40.

Anderson JL. Hemodynamic and clinical benefits with intravenous
milrinone in severe chronic heart failure: Results of a multicenter
study in the United States. Am Heart J 1991;121:1956-65.
Fonarow GC, Stevenson LW, Walden JA, Livingston NA, Steimle
AE, Hamilton MA, Moriguchi J, Tillisch JH, Woo MA. Impact of
a comprehensive heart failure management program on hospital
readmission and functional status of patients with advanced heart
failure. J Am Coll Cardiol 1997;30:725-32.

Cohn JN. The management of chronic heart failure. N Engl J Med
1996;335:490-98.

Garg R, Yususf S. Overview of randomized trials of angiotensin-
converting enzyme inhibitors on mortality and morbidity in patients
with heart failure. JAMA 1995;273:1450-56.

Stafford RS, Saglam D, Blumenthal D. National patterns of
angiotensin-converting enzyme inhibitor use in congestive heart
failure. Arch Intern Med 1997;157:2460-64.

Weber KT. Extracellular matrix remodeling in heart failure. A role
for de novo angiotensin II generation. Circulation 1997;96:4065-
82.

Gheorghiade M, Benatar D, Konstam MA, Stoukides CA, Bonow
RO. Pharmacotherapy for systolic dysfunction: a review of
randomized clinical trials. Am J Cardiol 1997;80:14H-27H.
Gheorghiade M, Cody RJ, Francis GS, McKenna WJ, Young JB,
Bonow RO. Current medical therapy for advanced heart failure.
Am Heart J 1998;135:5231-S48.

Heidenreich PA, Lee TT, Massie BM. Effect of beta-blockade on
mortality in patients with heart failure: a meta-analysis of
randomized clinical trials. J Am Coll Cardiol 1997;30:27-34.

. Ghali JK, Cooper R, Ford E. Trends in hospitalization rates for

heart failure in the United States, 1973-1986: evidence for
increasing population prevalence. Arch Intern Med 1990;150:769-
73.

Rich MW, Beckman V, Wittenberg C, Leven CL, Freedland KE,
Carney RM. A multidisciplinary intervention to prevent the
readmission of elderly patients with congestive heart failure. N
Engl J Med 1995;333:1190-5.

Stevenson LW, Bourge RC, Naftel DC and the Cardiac Transplant
Research Database Group. Deterioration and death on the current
waiting list: a multicenter study of patients awaiting heart
transplantation [abstract]. Circulation 1995;92:Suppl L:I-124.

114



