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ABSTRACT

Congestive heart failure (CHF) represents the end-stage of all heart disease. The
current incidence of CHF in the US s 550.000 cases per vear and is expected to increase
in the future. Therapy with B-blockers. ACE inhibitors. and digoxin has been associated
with a decreased nisk of all-cause hospitalization and CHF -related hospitalization in
randomized clinical tnals. The purpose of this study was to evaluate the effect of B-
blocker. ACE mhibitor. and digoxin therapy on these outcomes and total direct medical
costs among panients with CHF enrclled in 2 managed care plan. Neither therapies were
associated with a statsticallv sigmificant reduction in CHF -related hospitalizanons. ACE
inhibitor therapy ( 180 davs ) was associated with a significant decrease (34.7 percent.
p<0.0001 ) 1n the nsk of all-cause hospitalization and lower total direct medical costs
(S2135. p<0.001) over aone vear peniod. The resuits suggest increased use of ACE

mhibitors 1s warranted.
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CHAPTER I: INTRODUCTION

1.1 Statement of Problem

Congestive heart failure (CHF) represents the end-stage of all heart disease at
which point the heart has lost all its” reserve and ceases to function properly.{86| This
condiuion currently affects an estimated 4.6 miilion individuals in the United States and
approximatelv 550.000 new cases occur each vear.” The morbidity associated with the
disease 15 substantial and 1s represented by the greater than 1.000.000 annual
hospitalizations attnibutable to CHF and the accompanving greater than S10 billion
cost.™ Among individuals greater than 63 vears of age. it remains the most frequent
cause of hospitalization.” The majority of CHF cases in the United States are attributable
to coromary artery discase and hypertension.”™ While the number of deaths attributable 10
coronary heart disease and stroke have declined dunng the past four decades. those
artnibutable to CHF have increased dunng the same time penod. The five-vear mortality
rates associated with CHF rival that of major cancers such as lung and colon cancer.” In
addition. the majonty of deaths attnibutable to CHF occur ameng individuals 63 vears of
age or older. In short. CHF 1s a major public health problem in the United States. The
protected demographic shift of the population to older individuals will increase the
magnitude of this problem.”

During the past two devades advances in the treatment of CHF have led to the
discovery of therapies thai reduce morbidity and montality associated with the disease.

Most noticeable among these s the angiotensin-converung enzvme ( ACE 1 inhibitor



medication class which has been associated with a reduction in morbidity and prolonged
survival among treated patients in all stages of heart failure.® More recently. the results
of clinical trials investigating the effect of reatment with B-blockers have rescinded its
contraindication in the treatment of CHF." In addition. the use of spironolactone. once
considered just an ~old™ drug. has also been found to benefit patients with moderate-to-
severe heart failure effect of treatment with these agents."” The results of these trials
have increased treatment options and have been incorporated into current treatrment
guidelines for CHF.*'"'

These treatments have been found to be beneficial in treating CHF in clinical
trials which are designed to assess efficacy. which asks the question. “Can it work ™'~
Randomuzed climical tnals go to great effonts including careful randomization procedures.
rigorous inclusion and exclusion critena. and pro-active patient follow-up to eliminate
plausible alternative hyvpothesis that could also explain the results of the study. This
approach increases confidence m the results of the study. However. this process also
tends te favor the inctusion of vounger. healthier patients which mav not be
representative of the general population with the disease of interest. The complement to
efficacy tnals are etfectiveness tnals which are designed 10 answer the question. “Does it
work?™" This tvpe of evaluation takes into account efficacy. but aiso other factors that
may affect the outcome assoctated with a therapy such as compliance. patient preference.
physician practice stvle. seventy of co-morbidities. and delivery of care. In essence. it
evaluates whether the treatment of interest produces the desired outcome among patients

treated in their usual chinical seting. The majonity of published data concerning the



—
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pharmacological management of CHF is efficacy-based. leaving a gap for effectiveness-
based data. Given the magnitude of the burden associated with CHF. 1t is enitical that the
outcome achieved in actual clinical practice be known in order to evaluate existing
programs or implement mitiatives that optimize the pharmacological management of
CHF. Without effectiveness-based data. one cannot assess whether the intended benefit
of pharmacological management of CHF is being realized i3 not possibie. Therefore. the
goal of this thesis project 1s to complement published efficacy data related 1o the
treatment of CHF by providing an effectiveness-based component to published efficacy
data concerning the pharmacological management of CHF within a managed care
population. Particular antention will be focused on the use of ACE inhibitors. B-blockers.

and digoxin in addition to other medications recommended for the treatment of CHF.
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CHAPTER 2 LITERATURE REVIEW

2.1 Definition

CHF i1s a clinical syndrome that 1s charactenized by an impaired ability of the
heart ventricles (o eject blood. The cardinal signs and svmptoms of heart failure are
fatigue. dvspnea. and fluid retention. The disease is progressive and has a profound
deleterious effect on individual"s functional capacity. health-related quality of life
(HRQOL.). and life span. "> Over time the disease progressively worsens. limiting
functional stafus and leading to increased hospitalizations and utilization of other health
care resources for repeated exacerbations of their disease and patients.™" The
progression of the disease eventually leads to detenoration of the heart and death from

fulminant heart failure or sudden death.'’

22 Pathophysiology

Heart fatlure can be caused by disorders affecting the pencardium. myocardium.
endocardium. or the great vessels. However. over 80 percent of the cases of heart failure
are caused by impaired left ventricuiar function. Impaired left ventncular function can be
charactenized as diastolic or svstolic dvstunction. In diastolic dysfunction the ventricle s
normal in size. has pormai election capability. but there 15 impaired filling capability.
Syxtolic dystuncnion 1s charactenzed by a dijated ventricle and decreased ventnicular wall
motion. The hallmark sign of left ventricular svstolic dyvsfunction is an ejection fraction

iess than or equal to 40 percent.



Coronary artery disease {CAD) and hypertension. separately or in combination.
causes over 75 percent of cases of chronic congestive heart failure. ™" Other causes
include thyroid disease. alcohol abuse. and myocarditis. Cases of CHF in which no
identifiable cause can be determined are classified as idtopathic dilated cardiomyopathy.
221 Models of Heart Failure

The conceptual model of heart failure has chunged over the last fiftv vears as the
knowledge of the disease has increased.™ Until the 1960s. heart failure was simply
considered an ability of the heart to pump blood which lead to increased intravascular
volume and pressures. This in tum leads to the development of climcal svmptoms te.g..
pernipheral and pulmonary edemas. Under this model. therapies for heart fallure focused
on symptom relief through reduction of imntravascular volume (e.g.. diuretics ) and by
mcreasing the pumping ability of the beart (e.g.. digoxin). The chronic. progressive
nature of the disease was not recognized in this model. This conceptual framework is
sometimes referred to as the cardiorenal model.

The wecond mode! that emerged in the early 19705 maintained that heant fallure
was due to a hemodvnamic mismatch between the heart and the penpheral circulation.™
In addition to the decreased pumping ability of the heart. mcreased vasoconstriction
affected the ability of the heart to pump blood and recerve returning blood flow. This
meodel 1s referred to as the cardiocircufatory model. This model recogmized the role of the
peripheral circuiation tn addition to the problem of excess sodium and water retention. it
also recognized that the hernodyvnamic changes observed n heart failure were not only

signs of the disease. but could aise lead to progression of the disease. Therapies based on
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this model focused on increasing contracuility (¢.g.. positive inoiropes) and on decreasing
peripheral vasoconstriction (e.g.. vasodilators). The outgrowth of thts approach was met
with mixed results. Some vasodilator therapies fe.2.. nitrates) produced short-term
hemodynamic improvements along with long-term svmptom improvement and prolonged
survival "= However. other vasodilator therapies (e.g.. minoxidil. calcium channel
blockers) failed to show benefits and actually increased morbidity decreased survival.™
Likewise. positive inotropic therapies were also developed that improved hemodynamics
and alleviated svmptoms of heart failure (e.g.. phosphodiesterase inhibitors). but at the
expense of higher morbidity and shortened life span.™

The lack of benefit seen with most vasodilators and positive motropic therapies
focused attention away from therapies that targeting hemodvnamic changes and toward
addressing the progressive nature of the disease. Although elements of previous models
of heant farlure can be useful in explaining chronic heart failure. the neurohormonal
model is the most current explanation of the pathophysiology of chronic heart failure.™
In this model. the development of heart failure 1s preceded by an index event that
decreases the heart’s ability to pump blood.™ The event can have a rapid onset such as a
myocardial infarction. or a slow onset. such as hypertension. In response to the
decreased pumping ability. several compensatory neurohormonal mechanisms (e.g..
svmpathetic nervous svstem and the renin-ungiotensin-aldosterone svstem) are activated
i order (o marntain adequate cardiac output. Levels of norepinephrine. angiotensin [L
endotheln. aldosterone. and tumor necrosis factor among others are increased in patients

with heart fatlure. Imtially. these compensatory mechanisms increase sodium and water
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retention. enlarge the ventricle. and increase peripberal vasoconstriction to prevent
circulatory collapse. In some cases. these compensatory mechanisms may prevent the
development of heart failure svmptoms for a prolonged penod of ume. However. these
compensaiory mechamsm eventuallv become maladaptive. leading to progressive
damage to the heant through hemodyvnamic changes and direct toxic effects on
rnyoc}m;" ™ In addition. individuals progressively become svmpiomatic. further
activating compensatory mechanisms and inducing additional deleterious changes in the

myocardium. This viscous cvcle leads to the early death of patients with CHF.

23 New York Heart Association Classification

The most commonly used classification svstem for CHF is the New York Heart

Table 2.1 New York Heart Association { NYHA Functional Classification Svstem™

Class Description

Class 1 No mitation. Ordinary phyvsical activity does not cause undue fatigue.
dvspnea. or palpitation.

Class I Shght limitation of phyvsical activity: Such patients are comfortable at rest.
Ordinary physical activity results in fatigue. palpitation. dvspnea. or angina.

Clns T Marked limitation of physical activity. Although patients are comfortable at
rest. less than ordinary activity will lead to svmptoms.

Class IV Inabdity to carry on any physical activity. Svmptoms of congestive heart
tatlure are present even at rest. With any phvsical acuvity. increased
discomfort is expenenced.

Assoctation functional classification svstem. © The degree of functional limitation

resuiting from CHF s used to assign patients 1 one of four classes.Table 2.1 )" This
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relativelv simplistic ordinal rating svstem is a strong independent predictor of mortality in

patients with CHF.®

24 Prevalence and Incidence of CHF

The epidemioclogy of CHF in the general population has not been extensively
studied. Population esumates are pnmarnly based on epidemiological studies conducted
among smaller populations that are age-adjusted and extrapolated to the general
population.

The first major epidemiological study of CHF was the Framingham Heart study.'
The Framungham Heart studv was a prospective. cobort study initiated in 1949 to identify
nsk factors and describe the natural history of cardiovascular disease. The study enrolied
5209 men and women. ages 30 to 62 vears of age. and conducted bienmal follow-up
consisting of structured phyvsical examinations. laboratory examinations. an
electrocardiogram (ECG). and chest radiographs. Cardiovascular diagnoses were made
according to uniformiy applied clinical cniteria. The cnitenia used for the diagnosis of
CHEF are listed in Table 2.2, A diagnosis required the presence of at least two major or
one major and two minor cnitena concurrently. The minor cntena could not be due to
other etiologies in order to contribute to the CHF diagnosis. In addition. weight loss
greater than or equai to 4.5 Kilograms in five davs was considered 2 mejor cnitenion if it
occurred during the acute treatment of CHF. Otherwise. it was considered a minor
criterion. The criterion used 1o diagnose concurrent hvpertension was two blood two

bload pressures where the svstohic bloed pressure was greater than or equal to 160
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Table 2.2. Criteria For Diagnosis Of CHF In The Framingham Heant Study'”

Major cnitena
Paroxvsmal nocturnal dvspnea or orthopnea
Neck-ven distention
Rales
Cardiomegaly
Acute puimonary edema
S gallop
Increased venous pressure >16 cm of water
Circulation ume 2> 25 sec
Hepatojugular reflux

Minor critena

Night cough

Dyspnea on exertion

Hepatomegaly

Pleural effusion

Vital capacity & 1/3 from maximum
Tachycardia trate of 2| 20/mun)

Major or Minor Criterion
Weight loss 24.5 kg in 3 days in response to treatment

mm Hg or the diastolic blood pressure was greater than or equal t0 95 mm Hg.

Dunng the [6-vear follow-up pertod. 142 persons developed CHF. The incidence
of the disease by age and gender is shown in Table 2.3. This study identified increasing
age as a major nisk factor for the development of congestive hean failure. The incidence
of CHF among men was higher for all age groups compared to women. In addition.
hypertension preceded the diagnosis of CHF in 75 percent of patients. In tum. CAD
preceded the diagnosis of CHF 1n oniy 39 percent of patients. CAD. without the presence

of hypertension. was present in only 10 percent of cases. Ouly 40 percent of individuals



Table 2.3. Framingham Heant Siudv Annual CHF Incidence By Age And Gender.16-
Year Follow-Up Resulis'”

Men Women
Age group Rate/1000/vear  Rate/1000/vear
29-34 08 -
35-39 0.6 -
404 04 06
45-19 09 02
50-54 30 L1
55-39 37 1.6
60-64 4.1 11
65-69 53 2
70-74 8.7 3.
75-39 - -
All ages 23 1.4

diagnosed with CHF were absent of co-morbidities other than hvpertension or CAD at
the time of diagnosis. The most common co-morbid disease were diabetes and chronic
lung disease. affecting 19 percent and 28 percent of those diagnosed with CHF.
respectively. The five-vear survival for men and women was 39 percent and 57 percent.
respectively (Table 2.4).

Table 2.4. The Risk Of Death Following Diagnosis Of CHF In The Framingham Hearnt
Study. 16-Year Follow-Up"®

Year after Probability of Death

Diagnosis Men Women
1 0.205 0.140
3 0452 0320
5 0.613 0433
7 0.707 0.603
9 0.819 0.691

Results of the 34-vear follow-up provided additional information on the

epidemiclogy of CHF 1n older individuals and on additional factors predicting the onset



of CHF (Table 2.5).™ Over the study period. 289 men and 289 women developed CHF.
The age-specific incidence rates were similar to the results of the [6-vear follow-up

{Table 2.4).

Table 2.5. The Annual Incidence Of CHF By Age And Gender In The Framingham Heart
Study. 34-Year Follow-Up ™

Men Women
Age group Rate/1000/vear  Rate /1000/vear
45-54 2 1
35-64 4 3
65-74 8 5
75-84 14 13
85-94 5 83

The incidence of CHF was higher in men than women until the age of 85 vears. Again.
the incidence of heart failure almost doubled with each decade of life. Hyperiension and

CAD remained the dominant causes of CHF in this cohort. (Table 2.61.

Table 2.6. Causes Of CHF In The Framingham Heart Study . 32-Year Follow-Up™

Men Women
Hypentension 764% 79.1%
Coronary Artery Disease 43.8% 27.4%
Rheumatic Heant Disease 245 32%
Other 2% 16.8%

"Multiple causes permitted.
This study also dentitied prognestuc markers and nisk factors for the development ot
CHF. Individuals between 35 to 64 vears of age with left ventricular hvpertrophy (LVH)

identified by ECG had a nsk of CHF 17.5 times higher than those without LVH. LVH



remamned an important nisk factor. independent of hypertension. although concurrent
hvpertension and LVH increased the risk of CHF bevond what would be expected from
each individual risk factor. Modifiable nsk factors that were significant for the
development of CHF included systolic blood pressure. diastolic blood pressure. and
diabetes mellitus. Unlike the nsk factors for CAD. smoking. serum cholesterol. and
relative weight were not statisticallv significant predictors. Monality during this follow-
up was similar to previous results. Sudden death was reported in 25 percent and 13
percent of men and women in the cohort. respectively. within six vears of the onset of
CHF.

Results of the 40-veur follow-up provided new information on secular trends
occurring in congestive heart failure.” This study included members of the original
cohort along with their children and spouses. forming the Framingham Offspring Study.
The study included a total of 9405 participants followed from September 1948 to June
1988. Simular to previous findings. the incidence and prevalence of CHF increased with
age. Analvsis of the data indicated that the age-adjusted incidence of CHF decreased by
11 percent per calendar-decade and 17 percent per calendar-decade among men and
women. respectivelv. over the 40-vear studv penod. In addition. the age-adjusted
prevalence of coronary heart disease among individuals with new onset CHF increased
bv 16 percent per calendar-decade. even though the prevalence of coronary heart discase
in the entire cohort decreased overall. This suggests that coronary heart disease increased

in mmportance as a nsk factor tor CHF. Survival after onset of CHF was unchanged
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during the forty vears of follow-up. It is important 10 note that the study period ended in
June 1988. before the introduction of newer therapeutic agents for CHF.

National surveys have been conducted that have examined the prevalence of CHF.
The National Health and Nutrition Examination Survey (NHANES-I) coilected data o
estimate the prevalence and mortality rate of congestive heart failure among non-
mnstitutionalized persons using a nationally representative samplc.m This survey
collected data on 23.808 non-institutionalized persons from 1971 to 1975. Participants
self-reported health problems and were also given a complete medical examination
inctuding a physical examination. laboratory tests. a chest radiograph. an ECG. and
sprrometry tests. Follow-up studies (i.e.. wave 1 {1982 to 1984] and H [ 1986]) collected
data on mortality from death certificates or proxy interviews. The self-reported critena
were based on whether a patient had been told by a physician that thev had heant failure.
The clinical critenia were based on a modified version of the Framingham cnitena that
assigned scores to svmptoms (Table 2.7). CHF was considered present for scores greater
than or equal to three. The prevalence of CHF based on self-reported and climcal criteria
are presented i Table 2.8, Similar to the Framingham study. the prevalence of CHF
increased with age. The prevalence of CHF based on the clinical score was higher than
that based on the self-reported cnitena probably reflecting underreporung or lack of
physician care by those with mild or sub-clinical svmptoms. Ten-vear morntality rates

increased with age and were higher for men than women.



Table 2.7. Heart Failure Clinical Score. NHANES-1. 1971-1975"

Dvspnea/difficulty breathing
Trouble with breathing (shortness of breath)
Hurrving on the level or up shight hll
At ordinary pace on the level?
Do vou stop for breath when walking at own pace?
Do vou stop for breath after 100 vards on the level?
Physical examination
Heart rate (beats/min)
91w 110
11+
Rales/crackles
Either lower lung field
Either lower and upper lung tield
Jugulovenous distension
Alone
Plus edema
Plus hepatomegaly
Chest X-ray film
Cephalization of pulmonary vessels
Interstitial edema
Alveolar fluid plus pleural tluid
Interstitial edema plus pleural fluid

[ % 2 I I
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Tabie 2.8. Prevalence Of CHF Using Self-Reported Or Chimcal Dragnostic Cnitena.

NHANES-I™*
Self-reported (%) Clinic score 1%}
Age group  Women Men All Women Men All
25-M 03 04 04 i3 0.8 1.1
35-64 20 22 21 30 43 3z
63-74 32 37 34 43 48 13
All 1.0 1.t 1} 20 1.9 20




Mortality rates for seif-reported CHF among men and women were 12.6 percent and 7.5
percent higher. respectively. compared to those with CHF based on clinical criteria
(Table 2.9).

Table 2.9. Ten-Year Mortality Rates By Age And CHF Cniteria For NHANES 1. 1971
To 1975. 1982 To 1984™

Self-reported (%) Chnical critena (%)
Agegroup  Women Men All Women Men All
354 63 54 164 23 28.6 183
5564 294 1453 372 15 63.8 436
65-74 395 718 654 499 735 596
All 36 198 428 238 4.4 376

Similarly. the 10-vear mornality rates for men and women with a CHF clinical score less
than three were 102 percent and 7 percent. respectively.

Other community-based epidemiological studies in foreign countnies have found
simifar results. The Study of Men Bom in 1913 was a prospective cohort studv that
followed a sample of 30-vear old men living in Gothenburg. Finland for 17 vears.™ The
primary purpose of the study was to dentify nsk factors for the development of CHF.
This study used a broader definition of CHF that included milder cases compared to the
Framingham Heart Study. Again. the incidence and prevalence of CHF increased with
age. Similariv. hvpertension was a significant predictor of the development of CHF. In
addition. other moedifiable nsk factors such as smoking and bedv weight were found to be
significant predictors of CHF. The incidence in the entire cohort of men 30-67 vears of

age was 3.5 cases per 1000 per vear. This is hagher than the resuits for the comparable



age group from the Framingham Heart Study 3.7 per 1000). but is consistent with the
broader definition used in the study.

Population-based case finding studies have examined the prevalence and
incidence of CHF. A case-finding studv was conducted as part of the Rochester
Epidemiology Project.”' Diagnostic criteria similar to the Framingham criteria were
retrospectively apphied to the population living in Rochester. Minnesota to obtain
estimates of the prevalence and incidence of CHF. Medical records of individuals living
in the Rochester area were reviewed to identify new cases of CHF dunng the 1981
calendar vear and to determine the point prevalence on January 1. 1982. Rates were age
and gender-adjusted to the 1980 US population. A total of 46 new cases of CHF were
diagnosed duning 1981 in Rochester. Ischemic heart disease was determined to be the
cause of 50 percent of cases. However. an identifiable cause of CHF was not found in 39
percent of cases. The majority of cases identified were moderate 1o severe cases of CHF
(r.e. 24 percent and 48 percent in Class [1I and IV, respectivelv). Prevalence and
incidence estimates are shown in Table 2.10. Results are simlar to previous studies.
Survival after diagnosis was 80 percent and 66 percent at three months and one vear.,
respectively. After eight vears of follow-up. survival dropped to less than 30 percent.
From this study. the annual incidence of CHF was estimated at 0.2 10 one percent: the
prevalence of the disease was estimated at one to three percent of the general popuiation.
Since this studv was a case-finding study. it oniv included mdividuals that sought medical
care dunng the study peniod. Therefore. the study 18 more likelyv to reflect the

epidemiology of patients with more severe symptoms of CHE. More specifically. the



Table 2.10. Incidence And Prevalence Of CHF By Age Group In The Rochester

Epidemiology Project”
Age group Male  Female ALL
Incidence rates’
<l 2.1 1.9
-4 0 0
4349 1] 0.8
50-34 ¢ 0.9
55-59 08 28
60-64 1.8 53
63-69 48 16.2
70-74 98 9.4
0-74 0.7 [.6 1.1095% CL0.78.143)
Prevalence rates’
04 0 09
59 0 0.5
1044 0 08
4549 0.7 0.7
50-4 23 0.8
55-39 32 73
60-64 72 120
65-69 113 259
70-74 274 277
74 21 3.3 2.6695% CL2.16.3.15

" Rate per 1.000 person-vears.

prevalence and incidence are likely to be underesumated 12 vounger patients and
overestmated in older patients compared to pepulation-based studies.

Other European studies using a case-finding study approach have found similar
results to those presented above. ™ The Rotterdam Study examined the epidemiology
of CHF using a population-based approach in a suburb of Rotterdam. The Netherlands. ™
The primary purpose of this study was to describe the prevalence of CHF among

community-dwelling mdividuals 33 to 94 vears of age and to assess the concordance of



echocardiographic evidence of left ventricular dvsfunction with symptoms of CHF.
Patients were mterviewed and underwent physical examinations and other diagnostic
tests including an ECG and echocardiography. Structured interviews and questionnaires
were used (o determine the presence of cardiac disease or svmptoms consistent with CHF
t1.e.. shortness of breath not due 10 COPD. dyspnea at rest or on exertion). The presence
of a medication used for heart fallure was used as a secondary cnitena for the diagnosis of
heart faillure. The prevalence estimate for this population was similar to that of previous
studies mentioned above. The presence of left ventncular svstolic dysfunction. defined
as a left ventncular ejection fraction less than or equal to 42.5 percent. was 5.5 percent
and 2.2 percent in men and women. respectively. Ejection fraction did not vary with age.
The relationship between left ventricular function and a clinical diagnosis of CHF was
explored among a subset of 1698 participants. Of the 35 subjects diagnosed with CHF by
chnical critena. only 29 percent had left ventnicular svstolic dvsfunction as determined by
echocardiography. Of the 60 subjects with evidence of left ventricular svstolic
dvstunction determined by echocardiography. onlv 24 (40 percent) had at least one
cardinal sign of CHF ¢1.e.. shortness of breath. ankle edema or pulmonary rales).
Individuals with left ventnicular svstolic dvstunction were more likely to have cardiac
disease te.g.. angina. history of myocardial infarction. history of PTCA. prior CABG).
The implications of these findings on chnical practice in the US are unknown since this
study was 2 pepulation-based studv m The Netherlands. However. these findings
demonstrate the degree of discordance than can exist between svmptoms of heart fatlure

and left ventnicular performance.



Based on prevalence and mcidence estimates from the Framingham study and the
NHANES survey. approximately 4.6 million individuals in the US have CHF and
approximately 530.000 new cases are identified each vear.'®**** A consistent finding
from these studies is that increasing age is a strong nsk factor for the development of
CHF-. parucularly after 65 vears of age. Without a change in the prevalence or incidence
rate. the demographic shift that wall occur over the next 30 vears n the US alone will

increase the gravity of the public heaith problem created by CHF.”

2S5 Hospitalizations

Because of the progressive nature of CHF. hospitalizaton s often required as the
seventy of the disease worsens. This characteristic makes hospitalization an appropriate
surrogate marker of morbidity associated with the disease.” Secular trends in
hospitalization rates for CHF 1n the United States have been reporied using data from the
National Hospital Discharge Survey ( NHDS ). It is important to note the NHDS tracks
hospitalizations. not individuals. Therefore. 1t is not possible o determune individual
rates of hospitalizanion or rates of readmission. However. it does enable the
characterization of national tends in hospitalization overall and for specific diagnoses.
Ghali et al. descnibed the annual number of hospitalizations for CHF between 1973 10
1986.° Hospitalizations for CHF were identified by seiecting all hospitalizations
contamning 2 }CD-CM diagnesis code for CHF. Since this study penod spans the
transiion from the ICD-8-CM 1o the ICD-9-CM coding svstem in 1979, the codes used

from each svstem are shown m Table 2.1 1.
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Table 2.11. Intemational Classificatton Of Diseases. Clinical Modification Codes Used
To Identify CHF Hospitalizations By Ghali et al.

? ICD-8-CM codes

. 400.1 Malignant hypertension with heant

mvolvement

302 . Hvpertensive heart disease

427 * Congestive heart failure :
4271 . Left ventricular failure |
ICD-9-CM codes
4021 - Malignant hypertensive heart disease with f
CHF é
40211 . Benign hvperiensive heart disease with CHF
110291 ' Unspecified hypertensive heart disease with
428 - Congestive hean failure |

The crude hospttahizanion rates for CHF increased 116 percent over the [4-vear peniod.

Crude rates for selected vears are shown i Table 2.12.

Table 2.12. Crude And Age-Adjusted CHF-Related Hospitahization Rates. NHDS. 1973-

1986™
Crude rates’ Age-adjusted rates’
Year Men Women Total Men Women Total
1973 3813 4108 7921 2018 1843 3863
1976 6T 3137 9604 2279 2253 4532
1980 5348 7773 13323 2416 3057 473
1984 7313 946 16773 3087 333 6443
1986 7677 9393 17072 3203 3243 6416

" In thousands
" Per 100.000. adjusted to 1980 US population

Even after age-adjusting to the 1980 US population. a €7 percent increase dunng the

study pertod was sull apparent. Linear regression analvsis. adjusung for age. showed a



52510 537.2 per 100.000 per vear mncrease 10 hospitalization rates for CHF depending on
gender and race. Age-adjusted rates increased the most. an approximate 100 percent
increase. for the group of patients 75 vears of age or greater.

Haldeman et al. reported nanonal hospitalization rates for CHF for the period
1985 10 1995 using NHDS data - Hospitahizations for CHF were identified by selecting
all hospitalizations contamning an ICD-9-CM code for congestive heart failure (1.e.. 428.0
congestive heart failure. 428.1 left heart failure. 428.9 unspecified heant failurey. 95
percent of diagnoses were coded as 428.0. Crude rates for hospitalizations lisung CHF as
the pnmary or any diagnosis are shown in Table 2.13.

Table 2.13. Total Number Of Hospualizations Listing CHF As The Pnmary Or Any
Diagnosis. NHDS. 1985-1995-

Principal Diagnosis Anv diagnosis
Men Women Total Men Women Totat
1983 M5 322397 576939 T4T3TY 0 957015 L.T04387
1990 317507 393666  T1IL173 0 862536 1113953 1.976.489
1993 379463 491.666 871.129 1114678 1517638 2632316

The relaiive increase m hospitahizations listing CHF as the pnmary or any diagnosis from
1985 10 1993 was 51 percent and 54 percent. respectively. Age-adjusted (1970 US
population hospitahizations increased throughout the study period Table 2.14). The
number of hospitalizations for women was consistently higher than those for men dunng
the I1-vear penod. Ome-third of the hospitalizations listed CHF as the primary diagnosis.
Ameng those with primary diagnoses other than CHF. acute myocardial infarction AMI

was most commondy listed as the pnimary diagnosis for those less than 63 vears of age.



Among those greater than or equal to 63 vears of age. pneumonia and influenza was the

most commonly histed pnmary diagnosis followed by acute myocardial infarction. Over

Table 2.14. Hospitalizanon Rates For CHF Stratfied By Age Group. 1985-1995°

Primary diagnosis’ Any diagnosis’
A goup 1983 1993 1985 1993
35-64 1.3 1.8 4.2 49
63-74 9.3 124 269 358
75-84 20 26.0 66.4 809
>85 419 199 1241 164.1

" Per 1000 population.
78 percent and 83 percent of CHF hospitalizations for men and women. respectively.
were for individuals greater than or equal to 635 vears of age. The resuits of both studies
demonstrate an mcreasing mortidity burden associated with CHF. This age-adjusted
trend suggests that other factors bestdes a simple demographic shift are responsible for
the increase in hospitahizanons. It also underscores the importance of CHF as a public
heaith problem and suggests that the magnitude of the problem mav exceed what 1s
expected from a simple demographic shift m the population.
25.1 Risk of Hospitalization

Quantifviag the nsk of hospitalization 18 important for two reasons. First. it
allows health admimstrators. providers. and pattents to prepare tor the expected economic
and social burden associated with hospitalization for CHE. Second. if patients with
Known nsk factors for hospitalizanon can be identified. miervenuons designed io reduce

of address the nisk factor may decrease the need for hospitalizauon. The nsk of



hospitalization for CHF among the general population is not well defined. However. the
risk of hospitalization for CHF among older aduits has been studied in the Longitudinal
Study on Aging (LSOA:™ The LSOA was a supplement to the 1984 National Health
Interview Survev which interviewed non-institutionalized individuals greater than or
equal to 70 vears of age. The purpose of the study was (o determine hospitalization rates
for CHF ti.c.. hosprtalizations with an ICD-9-CM code 428.01 and identifv eprdemiologic
risk factors tor hospitalization for CHF. Risk factors included in the analvsis were: age:
race: gender: marital status: socioeconomic status: functional status: and self-reported
medical history (i.e.. atherosclerosis. stroke. hypertension. rheumatic heart disease.
coronary hean disease. angina. AML diabetes mellitus). Results showed that over an
eight-vear period the nsk of hospitalization coded with a primary or secondary diagnosis
of CHF to be 7.0 percent and 8.1 percent. respectivelv. Thus. the risk of hospitalization
for any diagnosis of CHF was 15.1 percent. Mean and median length of stay for
hospitalizations with a primary diagnosis of CHF were 8.9 and 6.0 days. respectively.
Mean and median LOS for hospitalization with a secondary diaganosis of CHF were 10.2
and 7.0 days. respectuvely. For hospralizanons with CHF histed as a secondary
diagnesis. circulatory or respiratory diagnoses were most commonly found as primary
diagnoses. Each vear of age mcreased the nsk of hospitaiization by seven percent.
However. this effect diminished with increasing age above 85, White maies had a 93
percent and 81 percent greater risk of hospitalization with a primary or secondary
diagnosis of CHF. respecuively. Widowed status and lower socioeconomic status

increased the nsk of hospitalization with a pnmary diagnoests of CHF by 27 percent. but
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not for hospitalizations with a secondarv CHF diagnosis. Bodv mass index (BMI) was
not associated with nsk of hospitalization. Functional disability increased the nisk of
hospitalization by 13 percent for each additional disability (i.e.. 0-5). Self-reported
stroke. hypertension. and angina increased the nsk of hospitahization with a primary
diagnosis of CHF by 43 percent. 23 percent. and 79 percent. respectivelv. but not for
hospitalizations with a secondary CHF diagnosis. Self-reported coronary hearn disease.
AML and diabetes mellitus increased the nisk of hospitalizations with a primary CHF
diagnosis more than those with secondary CHF diagnos:s by 104 percent versus 62
percent. 94 percent versus 34 percent. 87 percent versus 51 percent. respectively.
[ndividuals with 2 hospitalization with a primarv or secondary diagnosis of CHF had a 61
percent and 30 percent greater nsk of dving. respectively. Following discharge from a
CHF hosputalization. significant predictors of mortality were age. white male status.
stroke. diabetes mellitus. and increased BML Each vear of age mcreased the nsk of
dving by four percent. White males were at 33 percent greater risk of dving than white
females. Stroke and diabetes mellitus increased the nisk of dving by 29 percent and H
percent. respectively. Increased BMI was inversely related to the nsk of dving t1.e.. -3
percent per kilogram per meter-squared). The authors noted that the differential nisks for
hospralizations with a primary or secondary diagnosis of CHF indicated true differences
tn the reasons for how these hospitalizations are coded. Hospitahizations with primary
diagnoses of CHF appear to have reflected the onset of CHF whereas those with

secondary diagnoses of CHF reflected exacerbanons of co-morbidities.
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252 Risk of Readmission for CHF

Examining rates of readmission and risk of readmission related to CHF has been
investigaied in several studies. Similar to hospitalization rates. there are no nationally
representative data that addresses this issue. Several reports have been published using
statewide and local adminstrative and clinical data to determine readmission rates and
significant determinants of readmission nsk. Companson across studies is difficult given
the heterogeneity in patient populations. data sources. study design. and statistical
analyses used. However. several nsk factors tend to recur as significant predictors of
readmission.
2521 Risk of Readmission Using Administrative Data

Philbin et al. used admunistrative data from all 1995 hospital discharges in New
York State to determine readmission rates and predictors of readmission.™ They
identified all individuals that survived a hospital admission with a primary diagnosis of
CHF (ie.. ICD-9-CM codes 428.XX. 402.91. 404.93. 402.1 1. 398.91. 404.91. 404.13.
402.01. 404.03. 404.11. 404.01). Vanation in demographics. co-morbidities. hospital
tvpe and location. processes of care. and length of stay were controlled for using
multivanate analvsis. The mean age of the study population was 73.7 vears. 36.4 percent
were women. and [8.2 percent were black. Twentv-one percent of subjects were
readmitted following hospital discharge. The results indicated the foliowing predicted
higher nsk of readmission: black race: Medicare insurance: Medicaid insurance:
provision of home bealth care services following discharge: ischemic heant disease:

valvular heart disease: diabetes mellitus: renal disease: chronic lung disease: wdiopathic



cardiomyopathy: prior cardiac surgery: and use of telemetry during the index
hospitalization. The following were associated with a lower risk of hospitalization: rural
hospital: discharge 1o a skilled nursing facility: echocardiography during index
admussion: and cardiac catheterization during the index admission. This analvsis did not
find that age. gender. or LOS during the index hospitalization were significant predictors
of readmission. Other factors not considered by this studv were prior hospitalizations.
compliance. or social support. The authors noted that inclusion of relevant clinical
factors. including disease-specific measures and factors related to the management of
CHF. might improve the predictive ability of their model.

Krumbholz et al. performed a similar analvsis using the Connecticut Medicare
hospital database.™ The purpose of the study was to determine the six-month
readmission rates. principal diagnoses associated with readmission. and to identify patient
and hospital charactenistics that predicted readmission. They identified individuals with a
hospitalization coded with the DRG 127 (CHF) that were discharged alive from October
1990 to September 1994. The following vanables were analvzed as predictors of
readmission: age: gender: race: prior admissions: co-morbidities: and the maximum level
of care provided at each hospital. The majonity of the study population was 635 to 84
vears of age. 13 percent were male. and 93 percent were white. Thirtv-nine percent had a
previcus hospital admission within six months and 40 percent had a length of stay greater
than seven days dunng the index admission. The six-month readmission rate was 4
percent. CHF was the most common reason for readmission « 16 percent) followed by

poeumonia (3.8 percent) and AMI 3.5 percent). In addition. 24 percent expired within



stx months of discharge. Multivanate analysis indicated male gender, prior admission
within six months. Devo co-morbidity score greater than one. and LOS greater than seven
dayvs dunng index admission predicted readmission. When readmission or death were
combined as the dependent vaniable. older age and white race became additional
significant predictoss.

Recently. Krumholz et al. repeated the study using administrative and clinical
data to predict all-cause readmission following discharge for a CHF hospitalization.™
The authors examined the medical and administrative records of Connecticut Medicare
fee-for-service beneficianes treated at nine participating acute care hospitals. Subjects
were identified by selecting those individuals with a hospitalization containing a2 pnimary
discharge diagnosis for CHF (ICD-9-CM codes 428-428.1. 402.01. 402.91. 404.01.
404.03.404.11. 404.13. 404 91. 304.93). The mean age of the study population was 79
vears. 59 percent were female. and 91 percent were white. Fortv-eight percent bad an
ejection fraction less than 40 percent. Bivanate analvses showed that a history of hean
tailure. renal farlure. diabetes melhitus. prior admission in the past vear. pnior CHF
admussion in the past vear. serum blood urea nitrogen (BUN) less than 40. and serum
creatimine greater than 2.5 mg per dL were sigmificant predictors of readmission.
Multivanate analvsis found four signmificant predictors of readmission: prior heant failure:
prior admission within the past vear: serum creatinine greater than 2.5 mg per dL: and
diabetes meilitus. An mcrease in the number of nsk factors correlated with an increase in

the nsk of readmussion from 26 percent for those without a nsk factor w© 39 percent tor



those with three to four nsk factors. An interesting finding i this study was the nability
to0 identifv a low-nisk group based on the available clinical and admmistrative data.

Several nsk factors appeared to predict readmission in all three studies. The first
was co-morbidities. Either the number of co-morbidities or an index te.g.. Devo index)
of co-morbidity were significant predictors of readmission. Diabetes mellitus and renal
nsufficiency. individuallv. were significant predictors in all three studies. The seventy
of heart farlure. as measured by prior hospitalization or prior occurrence of heart failure,
also was a significant predictor.
2522 Risk of Readmission Based on Clinical Trial Data

Secondary analvses of data from large. prospective randomized trials have been
performed to identify predictors of readmission for CHF. Smuth et al. studied predictors
of non-elective readmissions as part of a larger tnal assessing whether increased access to
primary care affected hospital readmissions.” - The purpose of their study was to
wdenufv clinical and patient-reported factors that could affect the sk of readmission.
The study included subjects discharged from general medicine wards at Veteran Affairs
hospitals with a pnmary diagnosis of CHF. chronic obstructive pulmonary disease. or
diabetes metlitus. Patient-reported cutcomes were measured using the SF-36 and sub-
scales of the Patient Satisfaction Questionnaire. Demographic and clinical vanables were
also considered as potential predictors of readmission. Disease seventy measures for all
three conditions were also meluded. New York Heart Association (NYHA ) class was
used for patients with CHF. The pnmary cutcome in the study was ume to nonclective

readmission within 90 davs of discharge. There were 323 (233 percent) non-elective



readmussions during this ume. For patients with CHF. hospitalization rates increased
with progressive NYHA class from 23 percent among class [ patients to almost 35
percent among class IV patients. Bivanate analysis found significant predictors of
hospital readmission icluding: age: unemplovment: BUN: anemia: white blood count
greater than or equal to 12000 per gl : emergency room visits and hospitalizations duning
the previous six months: length of stay on index admission: lower physical component
(PCS) and mental component scores (MCS) from the SF-36: and lack of primary care
assignment. Muluvanate analvsis indicated that BUN. previous emergency room visits
and hospitalizations. MCS score. and higher satisfaction with ER visits increased the nisk
of readmussion. In addition. the presence of COPD or assignment to the primary care arm
increased the nsk of readmussion. The generalizability of these findings is limited given
that patients with diabetes mellitus and COPD were included in the analvsis. However.
the findings on previous utilization of resources and BUN are consistent with previous
research on readmissions among patients with CHF.

The relationship between health-related quality of life (HRQOL ; and nisk of
readmission was studied using data from a large ACE mhibttor study. the Studies of Left
Ventricular Dyvsfunction (SOLVD1 trial. ™ The SOLVD trial was a multi-center.
randomzed controlled tnal that enrolled 6797 subjects to evaluate the effect of enalapnl
(2.3mg to 20mg per day) i patients with an ejection fraction less than or equal to 33
percent.” Patients completed HRQOL instruments at baseline and at pre-specified times
dunng the tnai. A battery of instruments was used to assess vanous domains including

physical functicning. emeotional distress. social health. inumacy. hife satisfaction.



perceived health. and productivity. In bivanate analyses. the strongest predictors of
hospitalizations were activities of dailv living . general health. and social functioning.
Muluvanate analysis controlling for the effects of ejection fraction. age. treatment.
NYHA classification and all HRQOL scales was used to determine significant HRQOL
predictors of hospitalization and monality. The presence of CHF symptoms. lower
activities of daly living score. and lower general health score increased the relative nsk
of hospitalization by 3 percent. 43 percent. and 16 percent for each one-unit standard
deviation change in scores. respectively. This study found that over the range of values
for the scales there was an approximate 100 percent increase in the nsk of hospitalization.
The findings suggest that self-reported health status can be a useful tool in predicting
morbidity associated with CHF.
2523 Risk of Readmission Based on Single-Center Studies

Several single-site studies have been conducted examining clinical charactenstics
and rates of readmussion for patients with CHF. A major limitation to these studies 1S the
lack of generalizability te the general population of CHF patients because thev were
conducted atf a single academic terttary care hospital. In addition. several studies failed to
use a2 companson group. or did not consider potential confounders in their analvsis that
could account for differences in readmission rates.” However. some of the findings
are consistent with other published literature and provide a broader perspective
concerning presumed predictors of readmission. ™™

Guoding et al. compared readmission rates between patients discharged with a

diagnosis for CHF. hip fracture. siroke. or cerebrovascular disease.™ Thev used
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computerized medical records to identify patients admitied for the following diagnoses
durnng the first six months of 1982. Readmission and deaths were obtained at six months
following enrollment. Thirty-six percent of patients were re-admitied within six months.
Most readmussions were refated to the mmdex admission. The rate of readmission was
highest for CHF and stroke (36 percent and 23 percent. respectively) and lowest for
cerebrovascular disease and hip fracture (15 percent and 17 percent. respectively). The
main predictor of readmission in this study was the number of co-morbidities. Those
with greater than or equal to three co-morbidities had a 33 percent nsk of readmission
compared to 20 percent for those with less than three co-morbidities. The major
limitations of this study were differential selection of groups resulting in mequality at
baseline and the potential for unaccounted factors to have mnfluenced the nsk of
readmission. Although no antempt was made to account for these differences using
multivanate techriques. these findings are consistent with other published studies.

Ghali et al. reperted on factors predictve of admission for CHF to a county
tertiary care hospital among urban biacks.™ A total of 101 admissions for CHF from
October through December 1985 were included. Structured interviews and review of
medical records were used to idenufy the presence of nsk factors for admission based on
pre-defined critenia te.g2.. non-compliance. inadequate therapy. jatrogenic cause,
uncontrofled hyvpertension. acute myocardial infarction. arrhythrmas. etc.). The presence
of one of these sk factors was assummed to be causal 1o their admission. The three most
commoaly cited reasons for admission were non-compliance (64 percent .. uncontrolled

hypertension 44 percent). and madegquate drug therapy « 17 percent). A control group



was not used in this study which preciudes the validation of any reported risk factor in
this study.

Readmission rates among patients consecutively admitied for CHF 0 a
secondarv/iertiary care center during the latter six months of 1987 were reported by
Vinson et al.” Data was collected through review of the patients” medical records.
Patients in this cobort had a mean age of 80.5 vears and the majonty had moderate to
severe heart fallure. Fortv-seven percent were re-admitted duning the 90-day follow-up
period. Bivanate analysis was used to analvze potential predictors of readmission. The
results showed that prior admussion during the past eight vears. pnior history of CHF. and
CHF annbutable to acute myocardial infarction or uncontrolled hvpertension were
significant predictors of readmission. Again. this analysis is limited by differential
selection of subjects and the absence of attempts to control for potential confounders in
the statistical analvsis.

A simular study was conducted among CHF patients admitted to the Bngham and
Women's Hospital. 1 tertiary care center. between 1993 to 1994.™ The purpose of this
study was to dentifv charactenistics associated with a high nsk of readmussion or death
within 60 days of discharge. Data was collected through the use of survev instruments
and medical chart review. Researchers prospectively followed 257 subjects through the
follow-up pericd. The mean age of patients was 64 vears, S| percent were women. 66
percent had a history of CHF. and 94 percent were black. The 60-dav readmission rate
was 31 percent and the rate of readmission or death was 32 percent. Multivarniate analvsis

produced three significant predictors of death: diabetes mellitus: imual svstolic blcod
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pressure on admussion: and the presence of a non-sinus rhythm. Significant predictors of
death or readmission were: single marital status: Charlson co-morbidity index score:
admission systolic blood pressure less than or equal to 100 mmHg: and the absence of
ST-T wave changes on electrocardiogram (ECG). In addition. single patients were more
likely to be women and report the absence of a caregiver at home. Variables that were
not found to be predictive of readmission or death mcluded ejection fraction. patient
compliance. and sickness-at-discharge score from their index hospitalization. A major
limutation of this study was that the authors did not report data concerning the validity of
the survey instruments used to measure patient compliance and sickness at discharge.
Ofili et al. examined | 2-month readmission rates and risk factors for frequent
hospitalization tn a county-wide health care svstem serving uninsured. Medicare. and
Medicaid patients.” They reviewed the computerized medical records of 1200
tndividuals who were discharged alive with a pnimary diagnosis of CHF during 1995 and
followed them for a penod of |2 months subsequent to their admission. The mean age
was 64 vears. 94 percent were black. 31 percent were women. and 98 percent had a
history of hvpertension. The average number of hospitalizations duning the |2-month
period was 1.83 = 1.35. Faftv-six percent of patients had at least one hospitalization.
Multivanate anafysis showed the presence of diabetes mellitus. angma. and the presence
akinetic or dyskinetic myocardial segments were significant predictors of readmission
after adjusting for age. gender. medication usage by drug class. the presence of diastolic
dysfunction and hypertension. Anatomic coronary antery disease. ejection fraction. and

left ventncular hypertrophy were not significant predictors of readmission. The use of



hydralazine. a-blockers. and caleium channel biockers also were associated with higher
readmission rates. The effect on readmission rates was stronger in patients with severe
left ventricular dvsfunction. The use of ACE inhibitors. B-blockers. and furosemide were
not associated with increased readmission rates.
253 Drug-Related Increased Risk of Hospitalization

Drug-related morbidity and mortality has become an important 1ssue for the
Amenican healthcare system during the past decade. The dependence on the use of
pharmaceuticals to treat chronic diseases and an increasingly aging. and consequently
sicker. population has raised concemns that adverse drug events mav become more
commenplace and increase morbidity.”™™" Johnson and Bootman demonstrated that
outpatient drug-refated morbidity and mortality in the ambulatory setting created an
enormous economic burden that could be in the order of $76 billion (sensitivity analvsis
range: $30.1 billion. $136.8 billion).™ The largest component of the cost was
medication-related hospitalizations. Since hospitalizations are also a major component of
CHF-related morbidity. the association between the use of centain medications and
resultant hospitalizations in this population has been evaluated.”™
253.1 B-Agonists and the Risk of Hospitalization Among Patients with CHF

It is weil known that increased svmpathetic activity 1s associated with a worsened
prognosis for patients with CHF.' " In addition. positive inotropic therapies that act
through activation of B-recepiors. such as dobutamine. have been linked to increase
mortality.™ The deleterious effect of sympathomimetic drugs raised concern about the

use of these drugs to treat co-existing respiratory diseases te.g.. asthma. chronic



obstructive pulmonary disease) in patients with CHF. Bouvy et al. conducted a case-
control study exploring the relationship between sympathomimetic use among patients
with CHF and hospitalization for arrhythmia”® The authors used the PHARMO database
which contains outpatient prescnption utilization and hospital discharge records for a
defined population of 300.000 residents of six medium-sized communities in The
Netheriands. The database uses probabilistic linkage based on date of birth. gender. and
a general practitioner reference number 1o link prescription and hospitalization data ™ A
total of 1209 patients with a discharge diagnosis for CHF (1CD-9-CM 428.0) between
1986 to 1992 were identified. Case subjects readmitted for arrhvthmias were matched by
duration of follow-up to control subjects that were not hospitalized. Exposure to
svmpathomimetics was defined as the dispensing of a prescription for an inhaled or
svstemic Po-agonist three months prior to the hospitalization or index date. Arthythmias
coasisted pnmaniy of atnal fibnilation (60 percent). ventncular fibnillation ( 10 percent).
and ventricular tachvcardia (9 percent). [nhaled sympathomimetics consisted of albuterol
(4 percent) and terbutaline (6 percent). Svstemic svmpathomimetics consisted of
albuterol (74 percent) and terbutaline 26 percent). Cases were 2.2 times more likely to
be treated with any svmpathomimetic than controls.  After adjusting for potential
confounders. cases were 4.0 {95% CI: 1.0-13.1} umes more likely to be treated with any
svinpathomimetic than controls aithough the resalt was not statistically sigmficant.
Anaivsis by drug class showed that cases were 13.7 1935 CI: 1.1-228) umes more iikely

to be exposed to svstemic sympathomimetics than controls. Cases were 2.4 1934 Ch:



0.3-13.1) umes more likelv 10 be exposed to inhaled svmpathomimetics than controls. but
these results were not statistically significant.
253.2 Nou-Steroidal Anti-inflammatory Drug Use Among Patients with CHF

Historically. the use of non-steroidal anu-inflammatory drugs (NSAIDs) among
elderiy patients has been a concemn because of the potentiai for gastrointestinal toxicity. ™
= More recently. the potential for worsening CHF through an NSAID-mediated decrease
in renal function and consequent fluid retention has become a concern. -~ Two recent
reports have attempted to quanufy the actual nsk invoived in using NSAIDs by patients
with CHF.

Heerdink et al. conducted a retrospective cohort study evaluating the nisk of
hospitalization for CHF among individuals 335 vears of age or older with at least one
period of concomitant diuretic and NSAID use.™ Subjects served as their own controls
in this study. The outcome measure. the first hospitalization with a pnmary or secondary
diagnosis of CHF (ICD-9-CM code 428.01. was measured as the incidence density te.g..
hospitalization per person-vears). Diuretic use was sub-divided into three groups labeled
continuous. irregular. and incidental users. Continuous users were those with less than or
equal to ten dav gap between diuretic prescription refills. iregular users were those with
at least one prescription for a diuretic duning a 180-dav peniod. and incidental users were
defined as those with less frequent use than these two groups. A total of 10519 subjects
were examined. vielding 49.512 person-vears of follow-up. The mean age was 70.8 and
72 percent were femaie. The hospitalization rate for the NSAID and diuretic period was

23.3 per 1000 person-vears compared to 9.3 per 1000 person-vears during the diuretic



only period. The adjusted relative nsk of hospitalization during the NSAID and diuretic
peniod was 2.1 ¢95% CL 1.7 1o 2.5) compared 1o the diuretic only period. Regular users
had a higher nsk than incidental or irregular users (i.e.. 4.3 versus 2.1 and 1.6,
respectively), although all groups had a stansucally significant increase in nisk of
hospitalization. Increased nsk was seen among persons using thiazide or loop diuretics
but not among those taking sulfonamide or a potassium-sparing diuretic. No differences
were found between gender or age groups. In addition. no clear relationship was found
between NSAID dose and risk of hospitalization. The authors did observe that the
increased risk of hospitalization lasted for a peniod of approximately 40 days after the
mitiauon of NSAID therapy then gradually decreased to baseline.

Page and Henry examined the relationship between the nisk of developing CHF
and NSAID use among elderly patients as well as examining potential interactions
between a history of heart disease and the NSAID half-life.” A matched case-control
study design was used. Cases were defined as individuals hospitalized for CHF.
Coatrols were subjects of the same gender hospitalized at the same hospital without CHF
or a dragnosis related to NSAID therapy. Data on exposure to NSAIDs was collected
through patient interviews and consultation with the patient’s physician. Exposure to
NSAIDs was defined as taking an NSAID within the month pnor to the hospitalization
tor CHF. This study found that individuals hospitalized for CHF were 2.1 i95% CL 1.2
to 2.3) umes more hikely to take NSAIDs in the month prior to theirr admission than
controls after adjusung for age. co-morbidities. and drug therapy. Individuals with a first

episode of CHF were 2.4 and 2.6 umes more likelv to have taken a non-aspinn NSAID



within the past month and week. respectively. Exposure to non-prophylactic doses of
aspirn (greater than or equal to 325mg per day) was not associated with an increased nsk
of hospitalization among first-episode individuals. A history of heart disease modified
the relationship between NSAID exposure and nsk of a first episode of CHF. Using
subjects without a prior history of heart disease and no NSAID use in the past week as
the reference group. individuals with a history of heart disease and prior NSAID use were
263 umes (95% CI: 3.8 1o 119.1) more likelv to be hospitalized. Subjects with a history
of heart disease and no NSAID use were 2.5 umes (95% CL: 1.4 10 4.3) more likely to be
hospitalized compared to the reference group. Among those with a history of heart
disease. fint-time hospitalization for CHF was associated with a 24.4 umes (95% CL: 1.8
to 323.3) likelthood of betng exposed 10 an NSAID with a haif-life greater than or equal
to 12 hours. Exposure to NSAIDs with shorter half-lives was not sigmficantly associated
with increased hospitalizations for CHF.

These studies support the argument that atrogenic causes of hospitalization are an
important issue.  Targeting the use of these medications among patients with CHF mayv

decrease hospitalization rates.

26 Mortality

The Centers for Disease Contrel and Prevention :CDC 1 has published data on
mortality from CHF in the United States for the period 1980 10 1995, These reports
are based on death ceruificates filed with state vital statrsuics offices that are compiled by

the CDC. Deaths arnbutable to CHF were defined as those deaths in which the cause of
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death is coded as ICD-9-CM codes: 428.0 (congestive heart failure). 428.1 (left heart
faiiure), or 428.9 (unspecified hearnt failure). Population estimates from the U.S. Census
Bureau were used to calkculate death rates. Age-adjusted death rates were adjusted to the
1970 U S. population. From 1980 to 1995. the number of deaths increased 70 percent
from 27.415 10 46.494. During the last vear in this study penod. 94 percent (43.600)
death occurred in individuals greater than or equal to 65 vears of age. The cause-specific
mortality rate due to CHF in the United States increased from 10.3 per 100.000 ix 1980 to
11.7 per 100,000 in 1995. Age-specific death rates consisiently increased from 1980 o
1988 and were directlv proportional 1o age. The oldest age groups had the highest death
rates. From 1988 to 1995. a shight decline in the death rate was seen. particularly among
individuals older than 84 vears of age (Figure 1.

Figure 1 Age-Specific Death Rate” For Persons With CHF Greater Than 63 Years. By
Age Group And Year. US 1980 To 1995
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Age-adiusted death rates for CHF increased from 1980 to 1988 among gender and race

groups (Figure 2).

Figure 2 Age-Adjusied Death Rate” For Persons With CHF® Greater Than 65 Years, By
Age Group. Race. And Year, US 1980 To 1995
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After 1988. age-adjusted rates for individuals greater than or equal to 65 vears of age
decreased from 116.9 per 100,000 to 107.6 per 100.000 on 1995. The largest declines
were seen among black and white men. respectively. Several reasons could account for
the deciine m monalitv. First. a revised version of the US Standard Ceruficate of Death
was introduced m 1989 to improve the specificity of the cause of death and may account
for the subsequent decline in death rates. However. the downward rend in death rates
over the next few vears. as opposed e a one-umne decrease. suggests this is not the case.
Another explanancn could be that an improvement in the detection and treatment of
predispesing diseases ie.g.. hvpertension. CAD:. as well as improved therapy for CHF.

could have resulted 1n a decline in morahity. Another interesting finding was the
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variation in state-specific death rates for CHF. In some nstances. the death rates vaned
by up to eight-fold. The underlying reasons for this vanation were not explored but the
data does underscore the importance of accounting for geographic vanation when
comparing outcomes between health care svstems. Overall. the morality rate for CHF
increased slightly over the study period but a downward trend duning the latter penod
appears to signal a reversal of this finding in the subsequent vears followng 1995.
However. the absolute number of CHF-related deaths is expected to increase as a result
of the demographic shift in the general population. ™

Nationally representative data describing secular trends of CHF-related in-
hospital mortality have been published using data from the National Hospital Discharge
Sun‘ey.: Between 19835 and 1995. in-hospital mortality rates decreased from 6.0 percent
to 4.5 percent among those 33 1o 64 vears of age. from 10.2 percent to 6.2 percent among
those 63 to 74 vears of age. from 11.4 percent to 8.7 percent among those 73 to 84 vears
of age. and from 14.7 percent to | 1.7 percent among those greater than 84 vears of age.
Although these results appear to indicate that in-hospital survival improved. it 1s
confounded by a concomitant increase in the prevalence of discharges to long-term care
facthties for which montality rates are unavailable. Duning the same tume period.
discharges to long-term care tacilities increased from 3.3 percent to 4.4 percent among
those 33 to 64 vears of age. from 6.3 pervent to 11.4 percent among those 63 to 74 veans
of age. from 4.6 percent to 19 percent among those 73 1o 84 vears of age. and from 26.9

percent to 3] percent among those greater than 84 vears of age.



Polanczyk et al. published data descnbing in-hospital care for CHF at
Massachusetts General Hospital from January 1. 1986 to July 31. 1996." The authors
selected patients with a primary discharge diagnosis of CHF (i.e.. ICD-9-CM codes
428.0. 428.1. 428.9). In addition. they used co-morbdities. demographic information.
insurance status. and type of admission to coatrol for potential confounders. The mean
age of therr study population was 71 vears. 87 percent were white. and the majority (4.1
percent) were men. The predicted and observed mortality rate over a two-vear period in
1986 to 1987 was 6.4 percent and 8.4 percent. respectively. producing a standardized
mortality ratio (SMR) of 1.32. Because of a demographic shift and increased disease
seventy of the patient population. the predicted mortality rate in 1994 10 1996 was 7.1
percent. vet the observed rate was onlv 6.1 percent. producing a SMR of 0.86. Therefore.
the observed mortaiity rate. after adjusting for potential confounders. decreased during
the ten-vear penod. even in the presence of increasingly older population. In addition.
length of stay dunng the ten-vear period decreased overall from 6.8 days to 5.8 days.
Early discharge to long-term care facilities was a potential confounder that was not taken
into sccount n this study. Therefore. aithough mn-hospital monality rates were shown to
decrease. it 15 unknown whether the overall case-fatalitv rate for CHF also decreased.

Several co-morbidities have been found to increase the risk of death among
patients with CHF. These results have been found through secondary analysis of data
from chinical tnals. It should be noted that the generalizability of the results of clinical

trials are limited to vounger. healthrer patients and that the magnitude of the effects of
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certain co-morbidities may differ in older. sicker patients with CHF. Nevertheless.
knowledge of this information can be useful in stratifving patients in terms of thetr nsk.

The Digitalis Intervention Group (DIG) tnal studied was a randomized controlled
irial that investigated the effects of digoxin on mortality and morbidity in patients with
CHF that were initially in sinus rhythm af the time of enrollment.~ Secondary analvsis
of the data investigated the incidence and the relationship between the occumrence of
supraventricular arrhythmias (SVT) and mortality and hospitalizations.”’ During the
study perniod. the annual incidence of SVT ranged from 4.3 percent to 4.9 percent. The
presence of SVT was assoctated with a relative sk (RR) of 2.45 (95% CL 2.19 10 2.74)
compared to those without SVT after adjusting for possible covanates. Other nisk factors
associated with increased nisk of mortality include male gender. age. left ventncular
ejection fraction less than or equal to 0.45. increased NYHA. cardiothoracic ratio greater
than 0.45. and the presence of diabetes mellitus. ¢Specific relative nisks are listed in

Table 2.13.)

Table 2.15. Independent Predictors Of Mortality From The DIG Trial™ ¥

Risk Factor Relative Risk 95% Cl

Male gender 24 218-273
Age 1.02 1.02-1.03
LVEF <045 1.50 1.30-1.72
Increased NYHA class 1.67 154 - 181
Cardiothoracic raiio > 0.43 [ 45 [.33-1.38

Drabeies mellitus 137 27-149
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The Studies of Left Ventricular Dysfunction (SOLVD) was a clinical tnal
program to investigate the effects of enalapril on morbidity and mortality in patients with
symptomatic and asymptomatic left ventricular systolic dysfunction.” Secondary
analvsis of these tnals was performed 1o investigate the association between atrial
fibrillation at the time of randomizanion and mornality during a mean follow-up of 33
months. Atrial fibnilation was associated with an increased RR 1.34(95% CL: 1.12t0
1.62) of mortality compared to those without atnial fibnllation after adjusting for potential
confounders. Other nsk factors significantly associated with monality are histed in Table

2.16.

Tabie 2.16. Independent Predictors Of Mortatity From The SOLVD Trial ©

Risk Factor Relative Risk 95% CI

Age (per 3-vr increase) 1.10 1.08 -1.12
EF (per 10% decrease) 145 139-1.50
NYHA VIV 1.74 153-197
Diabetes meilitus 1.34 1.19 - 151
Prior stroke 143 120-1.71
Druretic use 1.67 149-188
Antiarthyvthmic use 1.28 L1I3-1.45
B-blocker use 0.79 067 -093
Anticoagulant use 0.75 0.63-0389
Ant-platelet agent use 0.79 0.70-0.89

Not all nsk factors were included in both models. Age was evaluated in both models but
was found to be significant onlv in the second studv. This may be due to different
covariates that were included in the model. However. several nsk factors were

significant in both models and included: age. EF. NYHA class. and diabetes mellitus.
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This finding suggests thai these nsk factors are robust indicators of the nisk of mortality

in patients with CHF.

2.7 Pharmacologic Therapies for Congestive Heart Failure

The treatment of CHF in the late 1980s and 1990s was revolutionized by the
development of new medications and new-found uses for exisung medications. The
place in therapy for these drugs has been influenced by the results of large randomized
controlled trials. The results of several trials involving ACE inhibitors. B-blockers.
digoxin. spironolactone. and calcium channel blockers are presented below.
27.1 ACE Inhibitors

The recognition that the renin-angiotensin-aldosterone system (RAA) was
nvolved in the pathophysiology of several cardiovascular diseases led to the
development of therapeutic agents that attenuated the activation of this neurchormonal
svstem. The development of ACE inhibitors allowed direct inhibition of this svstem.
ACE inhibitors work by inhibiting the conversion of angiotensin | to angiotensin [1
through their inhibiion of ACE. Angiotensin I1 has several phvsiological actions
including vasoconstrniction and stimulation of aldosterone release which increases sodium
and water retention leading to mncreased intravascular volume. ACE s also called
kininase 11 which 1s responsible for the breakdown of kinins. Therefore. ACE inhibition
not onlv suppresses the action of angiotensin IT but also enhances the action of kinins.

including prostaglandin svathesis.  In addition. expenimental models have suggested that
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the potentianion of the kinin svstem plays an important role in mediating the beneficial
effects of ACE inhibitors on the heant.”

Several large. randomized controlled tnals have found lower morbidity and lower
mortality rates among patients with CHF treated with ACE inhibitors. The Cooperative
North Scandinavian Enalapril Survival Study (CONSENSLUS) evaluated the effect of
enalapn] oa mortality in patients with NYHA class IV heart fuslure due to systolic
dysfunction.” Two-hundred fifty-three subjects were included and their mean age was
71 vears. Optimal treatment with digoxin. diuretics. or vasodilators was achieved before
randomization in the study. The presence of heart failure was based on svmptoms and
radiological evidence of an enlarged heart. Treatment with enalapnil was associated with
a 40 percent reduction in mortality compared to placebo (4 percent versus 26 percent.
p=0.002). At 12 months. the mortality was 31 percent lower in the enalapril-treated
group compased to placebo (32 percent versus 36 percent. p=0.001). The difference in
mortality was attnbuted to a decrease in deaths due to progressive heart fatlure. The
target dose of enalapnl in the studv was 20mg. At the end of the studv the mean daily
dose was 18.4mg.

The Captopril-Digoxin study evaluated the effect of captopril on exercise
tolerance during a period of six months in patients with mild-to-moderate heart failure ™
Over 85 percent of patients were m NYHA class [T heant fanlure. In addition. subyjects had
to have a ieft ventncular ejection fraction less than or equal to 40 percent and decreased
exercise olerance. Treatment with 8-blockers. calcium channel blockers or other

vasodilators was pot allowed. A toial of 300 subjects with a mean age of 57 years
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participated. Exercise time and NYHA class was significantly improved in the captoprl
group compared to placebo i p<0.05 and P.0.01. respectivelv). The number of patients
requiring hospitalizations or emergency department visits for heart failure was reduced
bv 41 percent in the captopril group (17 versus 29. p<0.05). The target dailv captopnl
dose 1n this study was 150mg. The mean daily dose achieved in the study was not
reported.

The V-HEFT H studv was a Veterans Affairs Cooperative Study that compared
the effects of enalapnl versus the vasodilator combination isosorbide dinitrate plus
hvdralazine on morbidity and mortality from chronic hean failure.™ A previous study
demonstrated the vasodilator combination 1sosorbide dinitrate plus hvdralazine reduced
morbidity and mortality in chronic heart failure compared to placebo.™ Subjects were 18
10 75 vears of age with cardiac dysfunction defined as a cardiothoracic ratio greater than
or equal to 0.535. left ventncular internal diameter greater than 2.7 centimeters per meter-
squared body-surface-area ¢{BSA) or an left ventncular ejection fraction less than 045,
and a reduced exercise tolerance. Therapy with digoxin and diuretics was optimized
dunng a four-week run-in phase before randomization. A total of 807 subjects with a
mean age of 61 vears participated. The mean follow-up time was 2.5 vears. ranging from
six months to 3.7 vears. Ail-cause monality was 28 percent lower among the enalapni-
treated group compared to placebo (235 percent versus 18 percent. p=0.016). but this
difference was not significant over the entire study penod (p=0.08). The one-vear
mortality was 31 percent lower m the enalaprii-treated group ( 13 percent versus 9

percent. significance not reported). The reduction i mortality was due 10 a decrease in



the occurrence of sudden deaths as opposed to progressive heant failure that was seen in
other studies. Hospitalization rates did not differ between groups (18.9 percent versus
18.4 percent for placebo). Patient compliance with enalapnl therapy. determined by pill
counts. was 86 percent. The target datly dose for enalapril was 20mg and the mean daily
dose of enalapril at the end of the study was |5mg.

The largest studies evaluating the effects of ACE inhibitors n heart failure are the
Studies of Left Ventricular Dvsfunction (SOLVD) tnials. These tnals were designed to
evaluate the effect of enalapni on morbidity and monality in patients with an left
ventricular ejection fraction less than or equal 10 0.35. The SOLVD tnals consisted of a
treatment and a prevention arm.  Each tnal focused on patients with svmptomatic or
asvmptomatic LV dvsfunction. respectively.” * Therapy other than ACE inhibitors was
used to optimize treatment for a period of two to three weeks before randomization in the
study. A total of 2569 patients. mean age 61 vears. were enrolled in the treatment arm.
Approximatelv 80 percent of participants were male. Mean follow-up was 3.5 vears.
ranging from 22 t0 535 months. At 12 months. afl-cause deaths were 23 percent lower
195% CL 3 percent to 37 percent: 159 versus 201 deaths) in the enalapril-treated group
compared to the placebe group. Over the entire study period. all-cause deaths were 16
percent lower (93% CI: 3 percent to 26 percent: 432 versus 510 deaths) in the enalapril-
treated group compared to the placebo group. The reduction in all-cause mortality was
atnbuted 1o a decrease in deaths due to progressive heant faslure. A lower mortality rate
was only seen among patients that were hospitalized. Monality rates among those that

were not hospitahized dunng the study were similar. The combined endpoint of death or
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hospitalization due to CHF was 26 percent lower (35% CI: 18 percent to 34 percent: 736
versus 613} in the enalapril-treated group compared to the placebo group. Sixty-nine
percent of enalapnl patients were hospitalized compared to 74 percent among the placebo
patients (p=0.006). Total hospitalizations among patients receiving enalapril were also
lower than those receiving placebo (2396 versus 2833, respectivelv). The proportion of
patients with cardiovascular-related hospitalizations were also lower in the enalapnl
treatment group (37 percent versus 63 percent. p<0.001). The target daily enalapnl dose
was 20mg and the mean daily dose prescribed 1n the treatment group was 16.6mg.

The prevention arm of the SOLVD trial enrolled 4228 patients with a mean age of
59 vears. The majonty of these patients were in NYHA class . Mean follow-up was 3.1
vears. ranging from {3 to 62 months. Eighty-nine percent were male. The primary
endpoint n this tnal was a combination of all-cause mortality or hospitalization for heart
failure. At 12 months. all-cause mortality and hospitalizations were 25 percent lower in
the treatment group (167 versus 218 in placebo: 955 CI: 8 percent to 38 percent). Over
the entire study penod. enalapril therapy was associated with all-cause mortality and
hosputalizaitons being reduced by 20 percent (434 versus 318: 95% CI: 9 percent to 30
percent). Allcause montality. as a single endpoint. was 8 percent less for patients on
enalapnl compared to placebo (95% CI: -8 percent to 21 percent) over the studv period.
but this difference was not sigmificant. Simulariy. cardiovascular mortality was [2
percent iess for patients on enalapnl (93% CI: -3 percent to 26 percent ). but the
difference was also not statistically significant. The absolute number of hospitalizations

among the enalapnl group was fower (306 versus 434 significance not reported). The



proportion of patents hospitalized more than once for worsening hean failure was 44
percent less in the enalapril group (4.8 percent versus 2.7 percent: 95% CI: 23 percent to
59 percent). The incidence of first hospitalization for heart failure was 36 percent less
(12.9 percent versus 8.7 percent: 95% Cl: 22 percent to 46 percent) among patients taking
enalapnl. The proportion of patients hospitalized for cardiovascular reasons was 9.2
percent less (43.7 percent versus 41.3 percent. p=0.006) in the enalaprl treated group.
However. the number of patients hospitalized for any cause was similar between the
enalapril-treated and the placebo group 11167 versus 1202, respectively. p=0.34). The
median duration to development of heart failure in the enalapril group was 22.3 months
compared te 8.5 months in the placebo group. Other secondary endpoints refating to the
development of heart failure or hospitalizations were reduced from 37 percent to 44
percent in the enalapni-treated group compared to placebo (p<0.001 for all secondary
endpoints). Among all participants. hospitalized patients were 4.6 (93% CL: 3.4106.3)
umes more likely to die compared to those that were not hospitalized. This finding
supports the chinical importance of reducing hospitalizations. At the end of the study the
mean dailv dose prescnibed i the treatment group was 16.7mg. In both groups. the mean
daiiy dose was 12.7mg by the end of the study. Open label therapy was used bv 409
percent of placebo patients compared to 34.0 percent of patients in the enalapril group.
Garyg et al. conducted a meta-analvsis of all ACE intubitor tnals. published and
unpublished. evaluating patients with svmptomatic CHE." The purpose of the meta-
analvsis was to evaluate the etfect of ACE mhibitors. other than enalapril. on monality

and morbidity and to determine whether they were consistent across different sub-groups
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te.2.. NYHA class. EF. gender. etiology. use of other vasodilators). A total of 7105
patients from 32 mals were included. In 25 of the tnials the primary endpoint was
svmptomatic efficacy or exercise tolerance. In the two largest tnals (SOLVD and
CONSENSLUS) the primary endpoint was all-canse mortality. The remaining five inals
used a combined endpoint of mortality and morbidity. The studies found that ACE
inhibitor therapy was associated with a 23 percent fewer deaths compared to placebo
15.8 percent versus 21.9 percent: OR: 0.77. 95% CIL: 0.67 1o 0.88). This effect was
consistent across all ACE inhibitors. The results from tnals lasting less than 90 davs
demonstrated a larger effect on monality for ACE inhibitor therapy (OR 0.56: 95% Cl:
04410 0.70) The results from tnals lasting longer than 90 davs did not find a statistically
significant benefit (OR 0.87: 95% CI: 0.75to 1.01). For the combined endpoint of
montality and hospitalization. ACE inhibitor therapy demonstrated a benefit (OR 0.65:
95% CL: 0.57 10 0.74). Again. this effect was consistent across all ACE inhibitors and
was similar across studies less than or greater than 90 davs duration. The effects on total
mortality and hosptalizations were consistent across sub-groups stratified by age. gender.
NYHA class. and etiology of CHF.

The effect of ACE inhsbitors in patients with CHF following an acute mvocardial
infarction have been investigated in three separate placebo-controlled chinical tnals which
have found similar results. The Survival and Ventncular Enfargement (SAVE) tnal
studied the effects of captopnl in 2231 clinical stable patients with evidence of left
ventricular dvsfunction three to 16 davs following an acute mvocardial infarction.™ The

inclusion and exclusion critena were stmular to previous ACE mhibitor thals. Aftera



mean follow-up of 42 months. captopril therapy was associated with a 19 percent lower
mortality rate (275 versus 228 deaths: 95% CI: 3 percent to 32 percent). The proportion
of patients requiring hospitalization was 22 percent less for those on captopnl therapv (17
percent versus 14 percent: 95% CI: 4 percent to 37 percent). Overall. 15 percent of the
study population was hospitalized. Similar to the SOLVD wnai. montality during the tnal
was higher among hospitalized patients compared to non-hospitalized patients. 47 percent
versus 18 percent. respectively.

The Acute Ramipnl Infarction Efficacy (AIRE) tnal was a similar study designed
to determine the efficacy of ramipril started three to ten days following an AMI in
patients with resulting left ventricular dvsfunction.™ After a mean follow-up of 13
months. the number of death were 27 percent lower in the ramipni-treated group
compared to the placebo-treated group (23 percent versus 17 percent: 95% CL: 11
percent to 40 percent). The Trandolapril Cardiac Evaluation ( TRACE) study was a
simular studyv designed to evaluate the efficacy of trandolapnl started three to seven days
following an AMI in patients with resulting left ventricular dvsfunction.™ Unlike the
previous trals. this tnal enrolled the majonty of screened patients. including those that
were not clinically stable (e.g.. ongoing ischemia). After a mean follow-up of 24 months.
the number of deaths were reduced 22 percent in the treatinent group compared to
placebo (42.3 percent versus 34.7 percent: 95% CLE 9 pervent to 33 percent reduction ).
Similar beneficial effects were seen in other endpoints.

The effectiveness of low versus high doses of ACE inhibitors was mvestigated in

the ATLAS trial.™ A total of 3.164 patients were randomized to receive low doses (ie..



2.5 10 5 mg per day) or high-doses (1.e.. 32.5 to 35 mg per day of lisinopnl. Aftera
mean follow-up of 46 months. there was a noa-significant 8 percent reduction in ihe
number of deaths in the high-dose group compared to the low-dose group (717 vs. 666.
p=0.128). There was a significant decrease in the combined endpoint of death or hospital
admission 1n the high-dose group compared 1o the low-dose group ¢83.9 percent versus
79.8 percent. p=0.002). In addivon. hospital admissions for CHF were 24 percent lower
{p=0.003) in the high-dose group compared to the iow-dose group. The results of the
trial suggest that higher doses of ACE inhibitors are associated with lower morbidity and
improved survival and should be used more frequently n clinical practice.

The results of these studies have led to the recommendation that all patients with
heart failure due to left ventricular svstolic dysfunction be treated with ACE inhibitors
unless they have a contraindication t1.¢.. renal disease. angioedema. allergy) or are
intolerant to the drug te.g.. hypotension. cough). This recommendation extends to
patients with left ventncular dvsfunction following an acute mvocardial infarction.

272 B-Blockers

Similar to ACE inhibitors. B-blockers act by inhibition of the neurohormonal
svstem. While ACE inhibitors block the action of the RAA svstem. -blockers are
believed to act through inhibition of the svmpathetic nervous system. The action of
norepinephrine on the hean is mediated through the action of @. B;. and B- receptors.
Currently. three types of B-blockers are available: 11 Bi-selective blockers (e.g..
metoproiol. bisoprolol. atenoloty. 2) B; and B- blockers (e.g.. propranolol. bucindelol).

and 31 B; + B~ + o blockers (e g.. carvedilol . The three -blockers for which there is the



most information on mortaiity and morbidity tn the reatment of chronic heart failure are
metoprolol. bisoprolol. and carvedilol.

The use of §-blockers in CHF was prompted by the results of early trials that were
suggestive of a beneficial effect of these drugs on the prognosis of heart failure. The
metoprolol in dilated cardiomyopathy ( MDC) tnal studied the use of metoprolol and
found that 1™ use was assoctated with a 34 percent decrease in the combined endpotnt of
death and need for heart transplantation compared to placebof“z The three-vear follow-up
1o this study found a sustained effect even after the completion of the clinical tnal
suggesting the presence of long-term benefits from B-blocker therapy in heart faiture”
However. the patients in this tnal were vounger than the average patient with CHF and
the study was restrnicted (o cases due to dilated cardiomyopathy which is uncommon in
the general population. Ancther tnal published subsequent to the MDC wnal reported on
the effects of bisoprolol added to ACE nhibstor therapy in the treatment of 641 patients
with NYHA class I or IV heart failure from various causes (CIBIS [1.™ Afier a mean
follow-up of 1.9 vears. the study found a non-significant 20 percent decrease in the
proporucn of patients that died m the bisoprolol group compared to placebo (p=022). I
did show a significant reduction m hospitalizatons due o CHF and a higher proportion
of patients improving m NYHA class for patients treated with bisoprolol. The resuits of
these mals prompied further study of bisoprelol and metoproiol.

The CIBIS IL a follow-up of the CIBIS [ study. enrolled a greater number of
patients and used a target dose of 10mg per dav as opposed to the lower 3mg dose used in

CIBIS L™ The enroliment criteria were similar: svmptomatic patents in NYHA class



or [V with an EF less than or equal to 0.35 that were stable during the six weeks prior to
enrollment in the study: previous AMI or unstable angina (USA) required a stable penod
of 3 months. Patients with a contraindication to §-blocker therapy were excluded. The
contraindications include: second or third degree AV block without a pacemaker: heart
rate less than 60 beats per minute: svstolic blood pressure less than 100 mm Hg: or
reversible obstructive lung disease. Ninety-five percent of patients were receiving ACE
inhubitor therapy. A total of 2647 patients were randomized to bisoprolol or placebo.
Their mean age was 61 vears and 80 percent were male. The majonitv of patients were in
NYHA class IIL. After a mean follow-up of 1.3 vears the tnal was stopped early due toa
34 percent lower all-cause mortality rate in the bisoprolol group compared to the placebe
group ( 17 percent versus 12 percent: 95% Cl: 19 percent to 46 percent 1. Cardiovascular
deaths were 29 percent less frequent in the patients receiving bisoprolol compared to
those recerving placebo (12 percent versus 9 percent: 93% Cl: 10 percent to 44 percent ).
The effect on mortality was consistent regardless of the etiology of heart failure. The
proportion of patients hospitalized for any cause was 20 percent lower (39 percent versus
33 percent: 93% ClL: 9 percent to 29 percent) in the bisoprolol group compared to
placebo. The target dose of bisoprolol ti.e.. 10mg ) was reached by 43 percent of
participants. Eleven percent and 13 percent reached the 7. 5mg and Smg dose.
respectively. The authors mentioned that the optimal rate of dose increase as well as the
optimal maximum dose sull needed to be determined. In addition. the data on older
patients and those with NYHA class IV svmptoms gathered in this tnal was insufficient

to make broad recommendations for treatment in this class of patients.



The Metoprolot CR/XL Randomuzed Intervention Trial in Heart Failure (MERIT-
HF) compared the effect of a timed-release formulation of metoprolof on the mortality
and morbidity associated with CHF to placebo therapy. ™ The study enrolled patients
with symptomatic CHF and an EF less than or equal 1o 0.40 in NYHA class [I through IV
for greater than or equal to 3 months despite optimal therapy with ACE inhibitors.
Inclusion and exclusion criteria were similar to previous B-blocker tnals. Exclusion
criteria included: an existing contraindication to B-blocker therapy: a heart rate less than
68 beats per minute: use of verapamil. diliazem. or chronic B-blockade within six weeks
of enrollment: decompensated heart talure: or use of amiodarone within six moaths of
enrollment. A total of 3991 patients were enrolled. Their mean age was 63.8 vears and
78 percent were male. The majority of patients ti.e.. 96 percent) had NYHA class I or
Il CHF. After a mean follow-up of one vear. the study was terminated early due to a 34
percent lower all-cause mortality rate among patients randomized to metoprolol CR/XL
compared to placebo (217 versus 145 deaths: 95% CL 19 percent to 47 percent
reduction). The number of cardiovascular deaths was 38 percent lower among the
metoprolol XR/XL group (208 versus 128 deaths: 95% CI: 22 percent to 55 percent ).
Combined endpoints of death. allcause hospitalization. heart transplantation. non-fatal
AML and emergency room visits were 19 percent to 39 percent lower in the metoproiol
CR/XL group.™ The proporion of patients hospitalized for any canse was 18 percent
iower in the metoprolol group compared to placebo (333 percent versus 29.1 percent.
p=0.0041. The proporuon of patients hospitalized for cardiovascular causes was 235

percent lower among the meteproloi CR/XL group compared te placebo (24.7 percent
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versus 19.8 percent. p<0.001). The total number of hospital days for all-cause and
cardiovascular hospitalizations was also 17 percent and 22 percent less. respectively.
among the metoprolol group compared to the placebo group. Despite extendmg hife and
being at nisk for a longer penod of nme. the metoprolol group had a lower nisk of
hospitalization than the placebo group. The target metoprolol datly dose was 200mg and
was reached by 64 percent of patients. The mean daily dose in the study was 139mg.
Like the CIBIS I study. the data on elderly individuals and in those with NYHA class [V
was ltmited due to the small number of patients in these sub-categories.

Carvedilol has also been studied in the treatment of chronic heart failure. The
clinical tnal program for carvedilol in the U.S. consisted of four protocols that separately
evaluated exercise tolerance and left ventricular performance as pnmary endpoints. but
pooled together evaluated mortality and morbidity.™ """ Three protocols focused on
patients with mild. moderate. and severe beant failure. respectively.™ "> Another
dose-ranging protocol included patients with mild 10 moderate heart failure."™ In all the
studies. patients had svmptomatic heart farlure with an ¢jection fraction less than or equal
to 0.33 for at least three months despite opumal therapy with ACE inhibitors. 1f tolerated.
and diuretics. Ninety-five percent of the patients were receiving ACE inhibitors.
Therapy with drugs that had o- or B-blocking properties and B-agonist properties was not
allowed. Patients with a definite indication or contraindication to B-blockers were
excluded. Unhike the CIBIS H and MERIT-HF tnal. the carvedilol tnals included a two-
week run-in phase with open-label carvedilol before randomization to exclude patients

that were not good candidates for therapy. This cntical difference limits the



comparability of the results from this trial with other B-blocker trials. After
randomization. subjects were initiated at 12 5mg twice a dav and uitrated up to 50mg
twice a day if tolerated. The dose ranging protocol assigned subjects to placebo. 6.25mg.
12.5mge. or 25mg twice a dav. A total of 1197 patients were randomized to the four
protocols. Their mean age was 58 vears and 76 percent of participants were male. Over
97 percent of participants were in NYHA class I or 1L After a mean follow-up of 6.5
months, the tinal was stopped early due to a 65 percent lower all-cause mortality rate in
the carvedilol group compared to placebo (7.8 percent versus 3.2 percent: 95% CIL: 39
percent to 80 percent). The reduction in mortality among carvedilof patients was
consistent across all sub-categonies te.g.. age. gender. etiology of heant failure. EF). The
proportion of patients hospitalized was 27 percent lower among patients in the carvedilol
group (19.6 percent versus 14.1 percent: 93% CI: 3 percent to 45 percent). Among the
345 patients randomized to the dose ranging protocol. hospitalizations were similar
among the three dosing groups. However. there was a statistically sigmificant trend
toward lower mortality among patients randomized to the higher doses of carvedilol
compared to placebo. The mortality rates for the placebo. 6.25mg twice daily. 12.5mg
twice daily. and 25mg twice daly groups were [3.3 percent. 6.0 percent. 6.7 percent. and
1.1 percent. respectively.

A smaller study involving 413 patents with svmptematic mild-to-moderate heart
failure due to ischemic hean disease was conducted in Australia and New Zealand. "™
The study used protocols sumular to the US carvedilol studies. The pnmary endpoint in

this trial was left ventnicular ejection fraction. A number of secondary endpoints.
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wncluding mortality and hospitalization. were analyzed. An 5.3 percent increase in left
ventricuiar ejection fraction was seen at 12 months in the carvedilol group compared to
the placebo group (p<0.001). No difference was observed in mortality rate between
groups. However. there was a non-significant 23 percent reduction (95% CI: zero 1o 41
percent) in the number of patients requinng hospitalization in the carvedilol group.

Both studies demonstrate that carvedilol can have beneficial effects in patients
with chronic CHF. However. montality estimates are based on relatively few deaths.
preventing a reliable estimate of the effect of carvedilol on mortality to be calculated.

The use of an open-label phase pnor to randomization in the carvedilol studies limits
comparability to the CIBIS Il and MERIT-HF tnals. An open-label phase may introduce
differential selection and be partially respoasible for the greater benefit seen with
carvedilol. Like the previous studies. little information on the use of carvedilol in older
patients or those with NYHA Class IV was available in these studies. limiting the
generalizability to these important patient groups. Likewise. no information about the
use of any B-blocker is available to make recommendations regarding their use in patients
with uncompensated heart farlure or heart farlure following an acute ML

Currently. B-blockers are recommended for patients with stable NYHA class [T or
Il due to left ventncular systolic dvsfunction without a contraindication for B-blackers.
It 1s recommended that they be admunistered aiong with ACE inhibitors and diuretics
since ths 1s the expenence from the clinical tnals. Panent should be stabie on their

current medication regimen before being initiated on B-blocker therapy. B-blocker
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should be mitiated at a low dose and increased no sooner than at two-week ntervals up to

the maximum tolerated dose with close medical follow-up throughout the initial phase.”

273 Other Pharmacologic Agents
273.1 Digoxin

Digitalis preparations have been used to treat CHF for over 200 vears. although
the most common formulation used todayv 1s digoxin. Throughout most of this time there
was uncertanty concerning the true effect of digoxin on mortality and morbidity i
patients with CHF. There was clinical evidence that the use of digoxin increased
myocardial contractility and improved svinptoms. HRQOL. and exercise tolerance at
least in the short-term."™ However. there also have been questions about toxicity after
long-term use and about its place in therapy. This issue was finally settled with the
publication of the Digitalis Investigation Group trial.™ This trial enrolled 6600 patents
with mild-to-moderate heart failure being treated with ACE inhibitors and diuretics.
Patients were randomuized to receive placebo or digoxin (median daily dose of 0.25mg).
Patients in the study had heart fatlure due to ischemic and non-ischemic causes. The
mean age of the study participants was 635 vears and 72 percent were male. After a
mean follow-up of 3.1 vears. no difference in all-cause mortality was found between the
digoxin and placebo groups. There was non-significant trend towards a decrease in
cardiovascular mortality and death due to worsening heart failure. The number of
patients hospitalized for worsening heart failure was 28 perceni lower in the digoxin

group compared to the placebo group (910 versus |180: 95% CL: 0.66 10 0.791.



71

Hospitalizations for worsening heart failure were also lower in the digoxin group
compared to the placebo group. 1927 versus 2533. respectivelv. All-cause
hosptalizations and cardiovascular hospitalizations were six percent and ten percent
lower in the digoxin group compared 1o the placebo group.

The role of digoxin in the treatment of chronic heart falure 1s now to decrease
morbidity associated with the disease.” It is recommended in conjunction with ACE
inhibitors. B-blockers. and diuretics to improve clinical status in patients with hean
faillure. Digoxin can also be used to control the ventricular rate in patients with rapid
atnal fibnllation.

2732 Spironolactone

Unul recently. sptronolactone was considered an “old™ drug with limited use as a
diuretic. Data from the Randomized Aldactone Evaluation Study (RALES) demonstrated
that spironolactone is beneficial in patients with severe heart failure compared to
placebo." Spironoluctone is believed to inhibit the activation of the RAA svstem. along
with ACE inhibitors. through additional inhibition of aldosterone. The RALES study
enrolled patients with severe heart failure defined as current NYHA class HI with
previous class IV within the past six months or NYHA class IV and an LVEF less than or
equal to 0.35. Panents with an elevated serum creatinine greater than 2. 5Smg per dL or an
elevated potassium level were excluded. A total of 1663 patieats were enrolled in the
tnal. The mean age was 65 vears and 73 percent were male. After a mean follow-up of
24 moaths. allcause mortality was 30 percent lower in the spirenolactone group

comparzd to placebo 195% Cl: 18 percent to 40 percent). In addition. the number of



patients hospitalized at least once for cardiovascular causes was decreased by 35 percent
in the spironolactone-treated group (95% CI: 23 perceat to 46 percent). The effect on all-
cause hospitalizations was not reported.

Spironolactone 1s recomimended for patients with severe heant failure defined as
recent NYHA class IV due 1o left ventricular svstolic dysfunction.” Careful monitoring
of serum potassium levels, particularly among those with impaired renal functon. is
advised. The use of spironolactone in patients with severe renal dysfunction defined as a
serum creatinine greater than 2.5 mg per deciliter 1s not recommended.

2733 Calkcium Channel Blockers

The use of calcium channel blockers has been documented to have adverse effects
on the short-term and long-term prognosis of patients with CHF.. They have been
associated with a worsening of symptoms. an increased risk of hospitalization. and an
increased nisk of death. Avoiding the use of short-acting formulations and non-
vasoselective agents te.g.. verapamil. diluazem) can mingate the adverse effects in
patients with heart fatlure. but does not completelv eliminate this nsk. Two tnals using
newer dihvdropynidine calcium channed blockers have addressed concemns regarding the
use of these drugs in patients with CHF. The Prospective Amlodipine Survival
Evaluanion (PRAISE ) study compared the effect of amlodipine. up to 10mg dalv. and
placebo added to standard therapy ie.g.. ACE mhibitor. diuretics) on mortality and
morbidity in patients with severe heart failure. ™ After a mean follow-up of 1.2 vears.
amledipine had no effect on the pnimary endpoint. the combined nisk of death or

hosprtalization due to cardiovascular causes. However. there was a trend towards a



decrease 1 all-cause mortality among patients treated with amlodipine (p=0.07). In
addition. a sub-group analvses of patients with non-ischemic cardiomyopathy fourd a 45
percent lower nisk of death in the amlodipine group (p=0.001). Since the tnal was not
ongmally designed to study mortality in this sub-group of patients. these resuits were
considered preliminary and are being followed-up with another study. PRAISE 1L
However. the PRAISE study was sufficiently powered to determine that amlodipine does
not have an adverse effect on survival.

The V-HEFT IH studv compared the effect of felodipine (up to 10mg dailv) and
placebo added to standard therapy ie.g.. ACE mhibitor. diuretics) in 425 patients with
mild-to-moderate heart failure due to an ischemic or non-ischemic cardiomyopathy."”
After 2 mean follow-up of .5 vears. no effect on the primary endpoint. exercise
tolerance. or on all-cause mortality. a secondary endpoint. was apparent. Hospitalizations
among patients in both groups were similar. The low number of deaths during the study
penod precludes anv conclusion about the eftect of felodipine on survival. However. the
results of this study do support the safetv of felodipine use in patients with heart failure.

The available data on calcium channel blockers do not support their use in the
management of patients with chronic heart failure. Most of the drugs in this class should
be avoided in patients with CHF. Safety information 1s available onlv for amlodipine and
telodipine. These drugs should be used to treat appropnate indications in CHF patients

{e.¢.. angina. hvpertension . not chronic hearnt failure.
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28 Use of Medications in the Clinical Setting

The use of ACE inhibitors and B-blockers have been shown to improve morbidity
and monality m the clinical trial setting but their effects in routine clinical practice are
largely unknown. It stands to reason that in order 1o obtain a benefit from a medication.
one 1s required 1o take the medication according to the recommended directions.
Therefore. patients with CHF that are compliant with ACE inhibitors and f-blockers
should be less likely to be hospitalized or die from their disease. Several studies have
suggested that non-compliance is related to hospitalizations. ™ "™ However. these
conclusions have been based on subjective compliance criteria and none of the studies
used a comparison group. Billups. Malone. and Carter reported results from the
IMPROVE study on the effect of compliance on resource utilization and total healthcare
costs among patients at high-risk for drug-related problems."” Compliance was
determuined using electronic pharmacy records. No difference was found in the number
of hospitalizations. clinic visits or laboratory tests between compliant and non~compliant
patients. In addition. 1t was not a significant predictor of total healthcare costs after
adjusting for potential confoundens. Although other studies have found a relationship
between compliance and hospitalizations. no study except the IMPROVE study has
examuned the relationship between compliance and total healthcare costs. Currently. the
relationship between non-compliance among patients with CHF and total healthcare costs
1S unknown.

The use of ACE inhibitors has also been reported to be relatively low among

patients with CHF considenng the known beneficial effects. Stafford et al. reported ACE



inhibitor utilization using data from the National Ambulatory Medical Care Survey from
1989 through 1994.""” The beginning of this time period was before the publication of
the SOLVD and V-HEFT II tnials but after the publication of the CONSENSLUS and
Captopril-Digoxin Trial. Therefore. some information was available on the beneficial
effects of ACE inhibitors but the full extent of their etfects was not known until 1991 and
1992. Use of ACE inhibitors was documented in 24 percent of medical visits for CHF in
1989. This figure increased to 31 percent in 1994 (p=0.02)."" Smith et al. reported data
from the Cardiovascular Health Studv. a prospective observational study of adults aged
65 vears or older. during a similar period.''' The proportion of adults with CHF treated
with ACE inhibitors increased from 26 percent in 1989-90 to 36 percent in 1994-95. The
proportion of patients with newly diagnosed CHF within the past vear treated with ACE
inhibitors was approximately 40 percent during the study peniod. Patients with a low left
ventricular ejection fraction and hyvpertensive patients were more likely to receive ACE
inhibitors. Data from the National Registry of Mvocardial Infarction 2 found that only 42
percent of patients with an left ventricular ejection fraction less than or equal to 0.40 were
discharged with a prescription for an ACE inhibitor. The dose of ACE inhibitors used in
both prevalent and incident cases were one-third to half the target doses used in the
chinical als. In additon. over 40 percent of patients with newly diagnosed CHF
discontinued ACE inhibitor therapy by their next tollow-up visit. on average of 5.7
months [ater. The discontinuation rate in the SOLVD il after 41.4 moaths of follow-up
was 33 percent.” Some academic medical centers have reported ACE inhibitor

tilization rates from 75-90 percent but more representative data suggests this is the
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exception. not the rule.''>'"* Roe et al. recently reported compliance rates for individuals
with a diagnosis of heart failure prescribed ACE nhibitors from a database containing
pharmacy and medical claims collected from commercial insurance plans.'"* During a
ten to 17 month pertod following an initial ACE ihibitor prescription. patients had an
ACE mhibitor available 71 percent of the time as measured using the Medication
Possession Ratio t MPR) and 86 percent and 78 percent of patients coatinued their ACE
inhibitor therapy after 6 and 12 moaths. respectively. This data indicate there is
substantial room for improvement i how ACE inhibitors are prescribed and dosed in
patients with CHF. It also raises questions about the effectiveness of ACE inhibitor
therapy when it 1s prescribed at lower doses and less consistentlv than what was observed

in chimical mals.

29 Burden of lilness and Econemic Evaluations of CHF
29.1 Burden of Iliness

Given the current and expected future magnitude of the public heaith problem that
CHF poses for heaith care systems. refatively lirtle data is available on the burden of
illness of this disease. Statistics on the number and proportion of hospitaiizations due to
heart fatlure are frequentlv cited in the literature. but little careful attention has been
given to develop a reliable comprehensive estimate of the magnitude of the economic

burden m the LS or any other country.



A commoaly cited national estimate of the economic burden of CHF based on a
cost of treatment study was published by O"Connell and Bristow.'” Thev used
marketing data to develop models for inpatient and outpatient treatment costs for CHF.
The National Inpatient Profile developed by HCIA tand supplied to the researchers by
Medtronic. Inc.) was used to identify patients with a pnmary. secondary. or tertiary ICD-
9-CM discharge diagnosis for heant fatlure. The database contains hospital discharge
information collected from 800 short-term non-federal hospitals and approximately 5.8
million patients. according to the authors. The specific time period during which the data
were collected was not reported. The National Disease and Therapeutic Index developed
by IMS Amenca was used to obtain outpatient information. Medication use among heart
failure patients was collected through internal marketing survevs performed by
Medtronic. Inc. and Merck and Co. Specific data collection methods were not reported.
Inpatient and outpatient costs were determined by calculating the average cost of
hospitalizanon for CHF at two medical centers in Denver. CO and Jackson. MS. The
specific number of resources (e.g.. number outpatient visits. echocardiogram. ECG) used
to calculate outpatent and inpatient costs were not reported. The authors also mentioned
that they used 1990 US Census data. 1991 HCFA MEDPAR tapes. and data from the
Department of Veterans Affairs. but did not indicate how the data was used. Using an
estimated hospitalization cost of $10.148. the esumated total cost of inpatient care was

23.1 ballion (1991 US dollarsi. At the same time. the authors recognized that Medicare.
which covers patients over age 63 vears (the age group that constitutes over 80 percent of

those hospitalized for CHF 1. spent $3.45 billion for hospitalizations duning the same
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period. The esumated excess $17.65 biilion cost outside of the Medicare was not
explained. The average outpatient visit cost, including an average 3.4 outpatient visits
per vear. was estimated at $4238 and the total outpatient costs was estimated at S14.7
billion (1991 US dollars). An additional $270 million was included for the cost of heart
transplantation. Overall. the authors estimated that hean failure was responsible for 5.4
percent of the $700 billion total US healthcare expenditure in 1991. This estimate does
help to emphasize the magnitude of the problem. But unfortunately the methods
described make it impossible to determine the reliability of this estimate. Furthermore.
more recent estimates from the Amenican Heart Association estimated that cost of CHF
in the US duning 1998 at S20.2 bilhion. approximately 50 percent of the estimate made in
this study.'"”

The results of this study are in line with the epidemiology of CHF which indicates
that the disease 1s associated with a significant economic burden. Andrews and Cowley
outlined kev economic factors in the treatment of congestive heart failure using data from
European countries.'’ Not surprisingly. hospitalizations were the key economic driver
for the disease in all three countnies examined. as shown in Table 2.17. In the UK study.
chimcal investigations such as echocardiegraphy accounted for 14 percent of total CHF
costs: outpatient visits and medications accounted for smaller proportions.'™

The Flolan International Randomized Survival Tral (FIRST) evaluated the effects
of epoprostencl on mertality and morbidity in patients with severe CHF.'™ The cost-
effectiveness of epoprostencl was a secondary endpoint in the clinical rial. Although the

tnal was stopped early due 1o a detnmental effect of epoprostencl on monalitv. economic
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Table 2.17. Percentage Of Expenditure For CHF Auributable To Hospitalization'"’

Country Proporuion ot Total Expenditures
France (1990) 0.64
United Kingdom (1990-91) 0.60
The Netheriands (1988) 067

data was collected and analvzed. Data from the placebo group was useful because it
represents usual care of patients with CHF in NYHA class IVTV. The intemational focus
of the tnal made collection of economic data challenging since the participating
countnies. except for the US. generally do not produce patient-specific resource
utilization data. To resolve this issue. only certain services determined to be significant
cost dnvers were collected from case report forms for the economic evaluation
component.'” Since the trial was stopped after a mean follow-up of 6.3 months. cost
data was calculated on a per-month basts and extrapolated for an entire 12-month peniod
using regression analvsis. Confidence intervals were calculated using a non-parametric
bootstrap procedure. Inpatient resources were valued using uait costs derived from a
single university hospital in the US and phyvsician resources were valued using the 1994
Medicare Fee Schedule (RBRVS 1. Medication costs were not included in the economic
analvsis. Mean total costs during the study were S11.797 2 S20.312 duning & mean
survival ime of 4.3 months. The projected 12-month costs were S22.476 (93% CL:
S13268-529.8631. There are three major fimitations to these estimates. First. the study

inciuded patients with severe heart faiture patients. limiting generalizability to other



classes of patients. Severe heart failure constitutes a minority of patients with CHF."”!
Second. inpatient costs. the largest cost factor. was derived from a single center. The
costs that would have been incurred at other medical centers and with varving tvpes of
medical insurance 1s unknown. At best. the cost estimates are an approximate figure of
US costs. And finally. medication costs were not included in the economic analvsis.
Since medications are an integral part of therapy. their absence in the clinical evaluation
likely underestimates the actual costs of treatment. Given these limitations and that the
actual number of patients with severe heart failure in the US is unknown. generating
burden of treatment estimates from this data is not feasible.

The economic burden of CHF in a managed care population was recently
described by Xuan et al.'~ The authors identified patients with a diagnosis of CHF from
a database containing data on 1.4 million people enrolled in commercial managed care
plans in the US. Patients were included if thev were at least 30 vears of age and were
continuously eligible for health benefits for a pened of six months following their initial
CHF-related medical visit defined on the basis of a primary or secondarv diagnosis of
CHF associated with that visit. All costs were reported in 1994 US dollars from the
managed care perspective. A total of 2777 patients +0.02 percent of the insured
population: met the study critenia. Their mean age was 56.9 vears and 56 percent were
male. Inpatient and outpatient vtilization are shown i Table 2.18 and 2.19. The
admission rate duning the six-month penod was |4 percent with an average length of stay
of 7.8 days: the readmussion rate was 15 percent. Qutpatient visits to primarv care

providers outnumbered visits to specialists four 1o one. suggesung that CHF s often
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Table 2.18. Inpatient CHF-Related Utilization Costs Over 6 Months'™

Hospiializations  Emergency Room

Number of events 462 238

Number of patients 378 137

Cost per event S6433 Siso

Cost per use over 6 months $7863 S3i4

Cost per member per vear $4.25 S0.06
Total Cost $2972014 $42.956

Table 2.19. Outpatient CHF-Related Utilization (Physician Visits. Home Healthcare.
And Associated Costs) Costs Over 6 Months'—

Office Visits  Home Healthcare

Total cost S378.105 S18.437
Total no. of events 3914 209
Total no. of patients 1082 41
Cost per event 97 S88
Cost per user over 6 moaths S349 50
Cost per member per vear SO S0.03

treated in the primary care sefting. Prescnpuon utilization by drug class. defined as at
least one prescription medication per drug class is shown in Table 2.20. Seventyv-seven
percent of patients had at least one cardiovascular medication. However. only 38 percent

recerved ACE mhibitors.



Table 2.20. Number Of Prescription Claims By Medication Class'™
Dru Number (%)

[i{-]

ACE inhibitor 1045 (38)

Calcium channel blocker 906 (33)

Loop duretic 891 (32
Digoxin 5722
Other diuretic 489 (18)
B-blocker 49118
Combination vasodikators 26 hy

Other CV drugs 2001 (72)

Total Cost S2.049 307

Only I8 percent recerved B-blockers. Like previous studies. hospitalizations were the
major cost dniver for CHF. accounting for 34 percent of costs. Prescription utilization
accounted for 38 percent of costs. vet only 38 percent of patients were treated with an
ACE inhibitor. The 2777 patients icurred a total cost of S5.4 million (S1997 per patient)
during the six-month period. The low rate of hospitalization reported in the above studv
1s most likely a reflection of the voung age of the patients included tmean 56.9 vears).
The rate of hospitalization and distribution of costs would likely be different in an older
population with mgher hospitaiization rates. However. the results show that CHF

produces a sigmficant economuc burden on healthcare svstemns in the US.
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292 Cost-Effectiveness of ACE Inhibitors

Several studies have been published evaluating the cost-effectiveness of ACE
inhibitors in the treatment of chronic CHF or CHF after an acute mvocardial infarction.
All these studies have been based on the published results of large randomized controlled
nals. The clinical results of these trials have been mentioned above.

Paul et al. incorporated the resuits from the first and second Veterans Heart
Failure Trials and the SOLVD inial to develop a Markov model to calculate the cost-
effectiveness of three approaches: standard therapy (digoxin plus diuretics). ACE
inhibitors plus standard therapy. and the combination isosorbide dimitrate plus
hvdralazine plus standard therapy.'™ The analysis was based on a study population
similar to the one in the clinical nals. Five non-absorbing. sequential health states
represented zero through greater than or equal to four hospitalizations. One absorbing
bealth state represented death. Oniy one hospitalization per vear was allowed. Patients
could transition to the pext hospitalization state (i.e.. X + 1. stay within their current
health state. or die. A monality rate of 2.5 percent was based on estimates taken from
the placebo group of the SOLVD trial and was assumed to be constant and additive. The
probability of hospitalization was 0.25.0.08. 0.08. and 0.05 dunng the first through
tfourth vear. respectively. Effectiveness measures across the studies were standardized
using standard life-table techniques to develop overail nisk reduction for each treatment
approach. The overall nsk reduction used in the model was 15 percent for enalapnl
versus standard therapy. 14 percent for enalapni versus isosorbide plus hyvdralazine. and

ten percent for 1sosorbide plus hvdraiazine versus standard therapy. The effectiveness



measures from these tnals were dependent on each other because they did not all use
placebo controls and did not include all the treatment approaches in the model. The
length of each cycle was one year. The model examined deaths and hospitalizations over
a ten-vear period. The probabilities used in the model underestimated the results in the
SOLVD mal indicating the model made conservative estimates of efficacy. Only
hospitalization and drug costs were included in the analysis. The cost of hospitalization
was estimated to be $6750 (1992 US dollars | and was calculated using a detailed
accounting system at one academic medical center. The cost of enalapnl and isosorbide
plus hvdralazine was estimated to be S939 and $437_ respectiveiv. using estimates from
ten retail pharmacies in the Boston area. All costs were reported in 1992 US dollars. The
analysis was conducted using a societal perspective.

Assuming that treatment and the effects lasted ten years. the model predicted
enalapnil therapy would add three months of life at a cost of $2569. or $9760 per vear of
life saved. [sosorbide plus hvdralazine would add an additional eight days of life at a
cost of SI19. or $53600 per vear of life saved. The incremental cost-effectiveness ratios
(ICER) were relatively unchanged by changes in the duration of therapyv or benefits of
therapy from four to ten years. Varving the effectiveness of therapy based on the resuits
of the three trials changed the cost-effectiveness ratio from S8000 to $28.000 per vear of
life saved ( YLS). Weighting the three trials equaliy. the ICER for enalapnl therapy was
$12.300 per YLS. Varving the mortality nsk trom tive percent to 20 percent vielded
ICERs from $19.600 to §7.260 per YLS. A migher montality rate would increase the

benefit of enalapnl therapy producing a lower ICER. Varving the cost of hospitalization
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from S0 to $12000 did not significantly change the ICER ratio for enalapnl therapy (i.e.,
$13.917 to S10.547 per YLS). Varving the discount rate from zero to ten percent had
reiatively little effect on the ICER as well. Even under the worst-case scenario, enalaprl
still had an ICER of $28.000 per YLS. which is comparable 10 other cardiovascular
therapies (e.g.. treatment of moderate hypenension).s:" The ICER for isosorbide +
hvdralazine therapy was lower than that for enalapril. but the mortality benefit for
enalapril makes it the preferred choice. The use of sensitivity analvsis on the major cost
and effectiveness components of the model suggest that enalapnil 15 a reasonable therapy
over a wide range of assumptions.

Glick et al. developed a decision analvtic model solely based on primary data

[2853

from the SOLVD tnal. The structure of the model was not adequately described
other than to say that it incorporated probabilities from the clinical tnal and used a
Markov process for calculating quality-adjusted survival and functional status over the
patient’s expected lifespan. Cost-effectiveness was calculated from the payer perspective
over a penod of 48 months and over the expected lifetime of the patient. The outcomes
assessed were survival. qualitv-adjusted hife vears. and vears of survival by NYHA class.
Survival probabilities were estimated using time to event analvsis. Adjustments for
quality of life were made actording to previously published resuits that assigned utilities
to each NYHA class based on “ladder of life™ scores for each health state. ™ The
resources meluded in the model were: non-fatal hospitalizations: ambulatory care:
enalapril therapy: and costs associated with in-hospital and out-of-hospital monality.

Hospitahzation rates were based on clinical mial data. Ambulatory care services were



based on the results of the Amernican Heart Association survey on outpatient management
of congestive heart failure.'” Outpatient utilization was assumed o be the same for
treatment and placebo groups. Monthly probabilities of receiving subsequently higher
enalapril doses were calculated in order to calculate the cost of therapy. The resource
estumates were adjusted accordingly for the 48-month and the hifetime model.
Hospitalization costs were based on the Medicare resmbursement rate for CHF. Inpatient
and outpatient physician costs were based on the Resource Bases Relative Value Scale
{RBRVS). Out-of-hospital death cost was estimated to be $1000 which included
ambulance. emergency services. and emergency department costs. Ambulatory care was
estimated to be S436 per vear. Cost of enalapnl therapy was based on the 1992 Federal
Supply Schedule. All costs were presented in 1992 US dollars. A discount rate of five
percent was used to adjust for differential tming. One-way sensitivity analysis was
performed on five variables: survival probabilities: qualitv-adjusted survival: non-fatal
hospitalization rates: hospitalization and enalapnl therapy costs: and the discount rate.
The 48-month model showed that enalapril therapy added 0.16 vears of life
compared to placebo with the majonty of the additional ime spent in NYHA class L
Enalapril-treated patients incurred a mean total discounted cost of S11.840 compared to
$14.560 in the placebo group. Average savings of $720 per patient made enalapnl
therapy dominant. The lifeume model predicted an additional 0.4 vears of life with
enalapni therapy compared to placebo. Enalapni-treated patients incurred a total of
$22.000 discounted costs compared to S21.975 in the placebo group. Lifetme therapy

with enafapnil produced an ICER of S80 per YLS and SI13 per QALY. In the 48-month
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model. enalapril therapy domunated in all the sensitivity analysis except when
hospitalization rates were decreased according to the 95% confidence mterval from the
clinical nal. The actual value was not reported in this analysis. Simtlarly. in the hifetime
model a decreased hospitalization rate increased the ICER to S13.450 per QALY In all
cases. the ICER remained well within the conventional range for cardiovascular
therapies. The results of this tnal found lower ICERS for enalapril therapy than the
previously mentioned study by Paul et al.'" Several reasons can explain the discrepancy.
First. the former studv used lower survival probabilities based on the results of three
climical mals and higher resource costs than the latter study. For example. the annual
cost in 1992 US dollars of enalapnl therapy was valued at $939 versus approximately
$200. In addition. differences between the models likely account for vanation in the
results. although the exact nature of them is difficult to assess since a description of the
mode] used in the latter study 15 not provided.

Similar cost-effectiveness studies have been performed analvzing the effect of
ACE inhibitors in populations including the UK. The Netherlands. Germany. and
Australia '™ Not surprisingly. the results of these studies have demonstrated that use
of ACE inhibitors are centainly cost-effective compared to other therapies and can lead to
net COSt SAVINgS 1N SOME INSTAnCes.

The cost-effectiveness of captopnl therapy after myocardial infarction among
patients with a depressed left ventricular ejection fraction was assessed by Tsevat et al.
using a Markov process to model the resuits of the SAVE trial. ™ The specific transition

states that were used in the model were not explicitly descrnibed. However. the model



mncorporated all-cause mortality data from all four vears. In addiuion. two models were
developed: a limited-benefit model and a persistent-benefit modef. The limited-benefit
model assumed no difference in monality rates between the captopril and placebo group
after four vears. The extended-benefit model assumed a reduced vet constant benefit
beyvond four vears. The length of each cvcle i the model was not specifically stated. but
appeared to be ope vear. Mortality esumates by age group (1Le.. 50 years. 60 vears. 70
vears. and 80 vears) and by treatment group ti.e.. captoprl vs. placebo} were developed
using data for all four vears of the SAVE tnal. Mortality rates bevond four vears were
taken from US life-tables. Health-refated quality of hife (HRQOL ) was assessed using
time-tradeofT utilities in a sub-group of patients participating in the SAVE trial. "™
The resuits of this sub-group were applied to the entire cohort. Inpatient resource
utifization was based on the results from tnial patients. Costs were assigned using a DRG
reimbursement rate plus RBRVS-based physician fees. Outpatient costs were calculated
assuming three outpatient visits per vear plus additional unscheduled visits duning the
trial. Medication use was based on a sub-group analysis at one study site. Average
wholesale price t AWPY was used for medication costs. Captopril drug cost was estimated
at S631 per vear. for the baseline analvsis. One-way sensitivity analvses were conducted
on baseline utilities. costs. discount rates. and survival benefits. Costs and hife-vears
were discounted af a rate of five percent.  All costs were presented i 1991 US dollars.
Results of the himited and extended benefit models are shown in Table 221 In the
lumuted-benefit model. the ICER were refativelv insensitive to wide changes in baseline

utilities. costs. and discount rates in the 60 to 80 vear groups. The ICER for the 3)-vear
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Table 2.21. Cost-Effectiveness Of Captopril Therapy In The Treatment Of CHF
Following An Acute Myocardial Infarction '

Age tvry  Limited-Benefit Model  Persistent-Benefit Model

{S/QALY) (S/QALY)
30 60.800 10400
60 9.000 3.600
70 4.900 4.300
80 3.600 3.700

group was highly sensitive to the cost of captopnl therapy. A vearly cost of less than
$444 per vear made captopril therapy the domiant strategy for all groups. At a cost of
$1000 per vear. the ICER increased 1o S180.800 per QALY for the 50-vear age group.
Estimates were more stable in the persistent-benefit model. For example. at the same
cost for captopril. the ICER increased 10 $24.900 per QALY. In addition. saviags in
medication and physician visits made captopnl therapy less costly and more effective
than placebo in the 30-vear age group. In the worst case scenano. in which captopni did
not reduce mortality after four vears and did not result in any savings. the ICER for the
50 vear age group was S217.600 per QALY. The ICERSs for the older age group were
$29.200 per QALY. S13.700 per QALY and S8.700 per QALY for the 60. 70. and 80-
year age groups. respectivelv.

Although the data from the SAVE tnal extends only to four vears. it is unlikely
that the benefit would stop abruptiy. The survival curves between the two groups were
continuing to diverge at the end of the study peniod. which 1s more consistent with the

persistent-benetit model. Currentiv. the cost of captopril or other ACE inhibitor therapy



is less than the baseline cost of S631 per vear suggesting the large ICERs for the 50-vear
age group are overestimated. A vearly cost of captopril therapy less than S444 per vear is
more realistic today and most likely the case for other ACE inhibitors. One of the
limitations of this study 1s that resource utilization and costs are based on clinical tnal
data which may not reflect actual reatment patterns in routine clinicai care. The one-way
sensitivity analvsis mitigates some of these concerns given the wide ranges that were
tested. but 1t does not elimnate it. For example. this study does not take mto account the
impact of non-compliance or discontinuation of therapy and sub-optimal dosing of
captopnl. A very imponant finding about this study. partucularly for health plans than
insure a larger proportion of vounger individuals ¢e.g.. emplover groups. commercial
insurance} is that the 50-vear age group was most sessitive to assumptions about cost of
therapyv. Changes in the efficacy of therapy in this age group may have significant
implications on the cost of treating this group of patients.

The majonty of the economic evaluations of ACE inhibitor therapyv focus on the costs
and consequences of prescnibing them to patients with CHF. Andersson et al. took a
different approach and evaluated the economic and clinical consequences of under-
prescribing ACE inhibitors in Sweden.”” Data from epidemiological surveys other
European countries and Swedish health siatistics were used to determine the number of
individuals with heart fatlure and the proportion currently treated with ACE inhibitors.
Thev divided the anaivses into those with left ventricular svstolic dvsfunction alone and
those with left ventncular systolic dvsfunction following an acute mvocardial infarction.

The authors further sub-divided cach group into symptomatic or asymptomatic patients.
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The effectiveness of ACE inhibitors in reducing hospitalizations and mortality was
estmated to be 73 percent of that reported in clinical trials for the base-case analvsis.
This was based on data from the ATLAS tnal that reported 24 percent fewer
hospitalizations among patients treated with higher dosages versus lower dosages of ACE
inhibitors and reflects the lower dosages that are standard in clinical practice. Table 2.22
shows the figures used n the base-case analysis and the comresponding resufts in 1996 US
dollars. The resuits show a favorable cost-effecuveness ratio for extending ACE
mhibitor therapy 1o patients not receiving it. Assumung the effectiveness was 30 percent
of that reported in ciinical mals the CE ratio would still be well within the acceptable
range compared to other therapies. A similar analysis using US data has not been
performed. The results would be expected 1o differ due to differences in hospitalization
cost. length of stay. and ACE inhibitor prescribing rates following hospital discharge. ™
However. extending treatment would be expected to vield favorable cost-effectiveness
ranos. Conasistent with the clinical results. the benefit for asvmptomatic patients is not as
pronounced as for svmptomatic patients. In this analvsis. decreases m mortality were not
realized among asvmpiomatic heart farlure patients. The benefits in these patients are
more likely to be realized over a ime period greater than just one vear. Despite the
longer honzen. treating this class of patients 18 in line with the cost of other

cardtovascular interventions.



Table 2.22. Base-Case Figures Used In Calculation Of Costs Of Under-prescribing Of
ACE Inhibitors In Sweden. 1996 '™

LVSD Post-Ml
(n=472 864) LVSD
{N=23 607)
Svmptomatic  Asvmptomatic Svmptomatic  Asvmptomatic
Prevalence 108.759 364.105 11527 2704
Received ACE 23383 0% 6058 787 (29.1%)
i215%) (52.5%)
No. discharges 37.085 31.632 4224 %4
Mean LOS 8.1 davs 8.1 days 8.1 davs 8.1 days
ACE cost $435 $435 $435 $435
Mean cost/stay $2653 $26353 $3962 $3962
Absolute 374% 3R4% 78% 24.6%
reduction
hospitalizations*
Absolute 6.1% 0 ST% 7.6%
reduction in
mortality*
Savings from $21.662.000 S20390.000  S858.100 $60.250
reduced
hosputalization
Cost of ACE $324560.000 SI138416.625 S2.079375  $729.000
therapy
Net S increase $10.794.000 S118.026.000 SI1221250  S668.900
Lives saved MM 0 204 95
Cost/Life saved S31H S5996 $7025

*Assumes effectiveness is 75% of that reported in chinical tnals.

293 Cost-effectiveness of B-blockers

Economic evaiuations of B-blocker therapy are scarce mn the published literature.

Data for cost-effectiveness analvses are available using the results from the US

Carvedilol Heart Failure Trials Program and the CIBIS [ tnal. Onlv data from the

carvedilol tnals have been modeled for the Umited States.



Delea et al. developed a Markov chain mode! similar to the models used for
enalapril to calculate the cost-effectiveness of carvedilol.'” As mentioned above. the
model is based on the results of the US carvedilol trials.'”’ A limitation of the data from
the clinical trials program is that the effects of carvedilol on morbidity or mortality
beyond six months are unknown. In order to deal with this limitation. the authors
developed a limited-benefit and extended-benefit model similar to the Markov model
developed for enalapril.' ™ In the limited benefit model. the beneficial effects of
carvedilol over conventional therapy (e.g.. diuretics. digoxin. ACE inhibitors) are
assumed 1o end abruptly after six months. In the extended-benefit model. the beneficial
effects are assumed to decrease lineariy to those seen with conventional therapy between
six months and 36 months. at which point the two groups have an equal probability of
hospitalization and death. The model contained five non-absorbing health states
representing increasing number of hospitalizations (i.e.. zero through greater than or
equal to tfour) and one absorbing health state representing death. Patients could transition
into the subsequent hospitalization states (e.g.. x + 1. remain in their current health state.
or die. Unlike the model by Paul et al.. the nisk of hospitalization and death was a
function of prior hospitalization. However. the state-dependent probabilities for
hospitalization or death remained constant over tme. The probabilities of hospitalization
and death for the conventional therapy group were derived from the SOLVD ueatment
mial. ™ The model also included the risk of hospitalization during initiation of carvedilol
therapy (1.e.. 1.4 percent). In addition. it was assumed that 30 percent of individuais that

worsened dunng initiation of therapy woeuld continue taking carvedilol. In readity. it is



likety that the failure rate dunng initiation of therapv will be higher given that most
physicians do not have the expenence using carvedilol that the mvestigators did in the
trial. In the onginal publication of the US carvedilol tials. the authors specifically
mention this concern.™ In addition. discontinuation of carvedilol therapy affer initial
fatlure is likelv to be higher than 50 percent. Outpatient costs were taken from published
cost-effectiveness studies of other interventions (e.g.. FIRST triai and Glick et ab).'™'=
Inpatient costs were esumated using data from the Health Care Cost and Utilization
Project tHCUP-3) and the Medicare Physician Fee Schedule. AWP plus a $3.00
dispensing fee was used to calculate medication costs assuming similar medication
regimens (i.¢.. digoxin. diuretics. ACE inhubitor * carvedilol) and 100 percent
compliance. Sensitivity analysis was performed on costs and probabilities using 95%
confidence intervals from published estimates or varving esumate from 0.5t0 1.5. The
time horizen for the model was 20 vears with monthiv cvcles.

The limited and extended benefit model predicted an additional 0.31 and 0.95
undiscounted vears. respectivelv. The base-case analysis produced ICER of $29.477 and
S12.799 per vear of life saved under the limited and extended benefit models.
respectively. The results were most sensitive to the percent reduction mm nisk of mortality
and the reduction in the average number of hosprtaiizations for CHF under the limited
benefits model. A decrease in carvedilol efficacy from 63 percent to 39 percent in
reduction in mortality increased the ICER to $41.196 per YLS. A decrease in carvedilol
efficacy from 33 percent o 19 percent in reduction of average number of hospitalizations

mereased the ICER to $40.635 per YLS. The results were relatively robust under the
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extended benefits model. In order for the ICER to be less than $25.000 per YLS or
greater than $30.000 per YLS under the limited-benefit model. the efficacy of carvedilol
in reducing mortality would have to be greater than 83 percent and less than 27 percent.
respectively. In order for the ICER to be greater than or equal 10 $25.000 per YLS under
the extended-benefit model. the efficacy of carvedilol in reducing monality would have
to be less than 12 percent. The resulis of this analvsis demonstrate that carvedilol therapy
was cost-effective relative o other therapies. Sensitivity analvses demonstrated that.
even assuming low efficacy. carvedilol was sull relatively cost-effective. A limitation to
the sensitivity analfvsis was that a one-way approach was the only method used. Varyving
sensiivities [0 Creafe a worst-case scenano among all the parameters tested may have
produced different resuits. Another limitation. mentioned above. 1s that this analvsis is
based on the results of a chinical tnal which may not reflect actual chimcal practice n
terms of the patients treated and the management of carvedilol therapy among others.
Published ecoromic analvses of bisoprolol and metoprolol were based on smaller
tnals of bisoprolol (i.e.. CIBIS I1™ and metoprolol (i.e. MDC)™. and focus on other
countries besides the US. These studies have found metoprolol and bisoprolol have
favorable economic effects in addition to their clinical benefits.”” '™ Because these
studies are based on costs and assumptions specific to individual countnies. it 1s not

possible to extrapolate them to the US.

210 Summary
Congestive heart falure produces a significant burden on patients as well as

carvgivers. providers. pavers. and ulumaiely society. An esumated 4.6 million



mdividuals are affected by the disease in the US with an expected increase corresponding
to a major demographic shift in the popuiation in the next few decades. As the number
one cause of hospitalization in individuals over age 65 vears of age. CHF will become an
even greater burden on an alreadv strained healthcare svstemn. In addition. the five-vear
mortahty associated with CHF nvals that of major cancers.

Research in this area has produced effective therapies for reducing the morbidity
and mortality associated with the disease. Appropnate treatment can still bave a major
economic and clinical benefit if patients are treated appropnately. Despite the volume of
published evidence supporting the use of beneficial therapies. such as ACE inhibitors and
B-blockers. the majority of patients with CHF do not recetve them. Furthermore. those
that recerve them are often treated with sup-optimal doses. Even among patients that
recetve appropnate therapy. the benefits may not be realized due to noncompliance.
These issues ratse concerns about the effectiveness of therapy for CHF in actual clinical
practice. [t is important (o determine whether therapres are having their desired effect on
outcomes assoctated with CHF in order to optimize the management of this important

disease.



CHAPTER 3 METHODS

3.1 Purpese and Hypothesis Statements

As previously mentioned. much of the published information concerning the
pharmacological management of CHF are randomzed controlled tnals that are ideally
suited to address the efficacy of the respective medicationts) that are being evaluated.
However. there 1s a paucity of research concerning the effectiveness of these medications
among patients treated in routine clinical practice. The purpose of this study is to provide
an effectiveness component to existing published efficacy data regarding the
pharmacological management of CHF. The design of this study 1s geared towards
evaluating the effectiveness of the pharmacological management of CHF with B-
blockers. ACE inhibitors. and digoxin. Specifically. the design of this thesis project is

intended to test the following hvpotheses.

H.y: There is ne difference in the nisk of hospitalization for CHF between patients with a
diagnosis of CHF receiving a B-blocker plus an ACE inhibitor compared 1o those

receiving only an ACE inhibitor.

He:: There 1s ne difference 1 the nsk of all<cause hospitalization between patients with
a diagnosis of CHF receiving a B-blocker pius an ACE inhibitor compared to

those receiving only an ACE inhibutor.



Hi:: There 1s no difference in total direct medical costs between patients with a diagnosis
of CHF receiving a B-blocker plus an ACE inhibitor compared to those receiving

only an ACE inhibitor.

Has: There ts no difference in all-cause mortality between patients with a diagnosis of
CHF receiving a f-blocker plus an ACE inhibitor compared to those receiving

only an ACE inhibitor.

His: There 1s no difference in the nsk of hospitalization for CHF between patients with a
diagnosis of CHF receiving digoxin plus an ACE inhibitor compared to those

receiving only an ACE inhibitor.

H.e: There 1s no difference in the nsk of hospitalization for CHF between patients with
a diagnosis of CHF receiving an ACE inhibitor compared to those not receiving

an ACE mhibitor.
Hi-: There 1s no difference in the nisk of all-cause hospitalization between patients with
a diagnosis of CHF recetving an ACE inhibitor compared to those not receiving

an ACE mhbitor.

Hes: There is no difference tn m-hospital all<cause mortality between patients with a



diagnosis of CHF receiving an ACE inhibitor compared to those not receiving an

ACE inhibtor.

Hix: There is no difference in total direct medical costs between patients with a diagnosis
of CHF receiving an ACE inhibitor compared to those not receiving an ACE

wshibitor.

32 Data Seurce

The source of data for this project will be a managed care claims database
maantained by the Center for Health Outcomes and PharmacoEconomic Research. The
data was obtained from a managed care organization (MCO) that serves approximately
350.000 patients in central and southern Anzona. The database contains integrated
medical and pharmacy claims submitted to the MCO for reimbursement for eligible
enroliees of the health plan. Each claim is linked to a umique panent identifier that allows
patient-level tracking of utilization. Three years of data are included in the database
covenng the penad from January 1. 1997 10 December 31. 1999. Ehigibility for medical
and pharmacy benefits was recorded for each individual that was enrolled in a health plan
provided by the MCO. This penod s defined by a start date. which signals the beginning
of benefit eligibility. and an end date. which signals the end of benefit eligibility.
Mortality data was captured if the individual expired or was pronounced dead dunng an
mpatient hospitalization. Deaths that occurred outside the hospital are simply histed as a

termunation of ehgibility. Therefore. an out-of-hespital death cannot be differentiated
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from an individual who ceased 1o be eligible for benefits by disenrolling from the health

plan for other reasons (e.g.. switched health plans. moved out of the area).

33 Subject cohorts
The initial inclusion criteria included persons 35 vears of age or older with the
presence of an ICD-9-CM code for congestive heart failure in any diagnosis field ( Table

3.1). The incidence of CHF in aduits before the age of 35 years is negligible.™

Table 3.1 ICD-9-CM Codes For CHF
ICD-9-CM code  Description

428.0 Congestive heart failure
128.1 Left heart fatlure
1289 Heart farlure. unspecified

Previous research has found that the use of the 428 .x ICD-9-CM codes for CHF capture
the majority of cases of CHF and that inclusion of other codes for CHF have lintle effect
on the associated sensitivity or specificity of the 428 x codes.™ From this cohort. three
smaller cohorts were selected. The first cohort was selected based on at least one
prescription claim for an ACE inhibitor and a B-blocker. The first cohont will be referred
to as the “ACE + Beta cohort.™ The second cohort was selected based on the presence of
at least one prescniption claim for an ACE inhibitor and the absence of a prescription

claim for a §-blocker. The second cohort will be referred to as “ACE cohort.”™ The third
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cohort was selected based on the absence of a claim for an ACE inhibitor. The third
cohort was referred to as the “no-therapy cohort.” The individual ACE inhibitors and B-

blockers considered for this study are listed in Table 3.2.

Table 3.2 ACE Inhibutors

Medication class Medicanon

ACE inhibitor enalapnl

lisinopnil

captopril

quinapril

fosmopril

moexipril

benazepnl
trandolapril

ramipnl

B-blocker carvedilol
metoprolol
bisoprolol

atenolol

Angiotensin-receptor losartan
blocker valsartan
irbesartan
telmisartan
candesartan

The index date for the ACE + Beta cohort was the date when dual therapv with an ACE
inhibitor and a B-blocker started. For the ACE cohort. the index date was the date of the
first prescription claim for an ACE inhibitor. The index date for the no therapy cohont
was the date of the first medical claim with an ICD-9-CM code for CHF. For the three
cohorts. patients were continuously eligible for 12 moaths following their index date.

Except for the no-therapy cohort. the index date was not based on the date of the 428 x
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ICD-9-CM codes for CHF. Therefore. it was possible that the study period would not
include the date associated with the CHF code. To resolve this issue. an additional
cnterion requiring the presence of a medical claim with an ICD-9-CM code for CHF
dunng the 12-month eligibility peniod was used. To avoid confounding by the use of
angiotensin-recepior blocking ( ARB) medications. subjects in the ACE cohort and the
ACE + Beta cohort were excluded if their index ACE mhibitor prescription was preceded
by an ARB prescription. No ARB medication use was allowed in the no-therapy cobort.

ARB medications considered in this study are also listed in Table 3.2.

34 Dependent variables

Four dependent vanables were examined in the analvsis. Theyv were:

hospitalization for CHF defined as any hospitalization with a principal
diagnosis contaimng an ICD-9-CM code for CHF.
« hospitalization due 1o any cause defined as the occurrence of any
hospitalization regardless of the principal discharge diagnosis.
« in-hospital all-cause mortality defined as coded deaths that occur n the
hospital.
« lotal direct medical costs defined as the sum of medical and pharmacy claims
reimbursed by the MCO dunng the ! 2-meoath studv penod.
Since hospital discharge summanies are not avaiable using medical claims data. a
decision rule defining the pnncipal diagnosis was used. Medical clams corresponding o

an inpatient hospitalization with a less than seven davs between consecutive claims were
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grouped together and considered to be one hospital encounter. The most frequent
medical claim line with an identical sequence of ICD-9-CM codes was considered the
discharge diagnoses list. Once the discharge diagnosis list was identified. the first ICD-

9-CM code in the list was considered the principal discharge diagnosis.

35 Independent variables

Vanables representing demographic charactenisucs. proxy pretest measures. co-
morbidities. and prescription medication use were mcluded in the analvsis. Demographic
vanables included a continuous vanable representing age in vears and a dichotomous
vanable representing gender. Total direct medical costs. defined as the sum of medical
and pharmacy claims retmbursed by the MCO during the six-month pretest period. was
used as the proxy for a pretest measure in this studv.'™ Selected co-morbidities were
represented along with a summary measure of chronic disease in the analvsis. The
selected co-morbidities were:

« diabetes mellitus (DM}

+ renal disease

« amnal fibnilation

- mvocardial infarction (AMD

+ poeumonia and mfluenza (P & D

+ depression,
A dichotomous vanable indicating the presence or absence of each co-morbidity was

used. The presence of each co-morbidity was defined as a medical claim with a diagnosis
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for that co-morbidity during the 12-month studv peniod. The relationship between the
selected co-morbidities and CHF has been discussed in Chapter 2 with the exception of
depression. Depression was included as an independent vanable because a diagnosis of
depression has been associated with increased utilization of bealth care resources even
after adjusting for the presence of other co-morbidities. " '* The criteria used 1o define
each selected co-morbidirty is listed in Table 3.3. The summarv measure of co-
morbidities was the chronic disease score (CDS) developed by Von Korff et al.™" The
CDS uses medication use as a proxy measure for the presence of 17 chronic diseases and
assigns a weight to each medication class. The CDS has been shown to predict mortality
and hospitalizations." Independent variables for prescription medication use included
data on the following specific medications or medication classes: ACE inhibitors. B-
blockers. digoxin. spironolactone. calcium channel blockers. ARBs and NSAIDs.
Individual medications considered for each medication class are listed in Tables 3.2 and
3.4. The vanables for prescription medication use were defined as continuous vanables
representing the sum of the davs supply field associated with each medication class over
the {2-month studv penod. truncated at 3635 davs for each vanable. If more than one
medication from a particular class was used dunng the i2-month penod. the sum of the

davs supply from both was used.
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Table 3.3 Operational Definitions For Selected Co-Morbidities

Co-morbidity ICD-9-CM code

Diabetes 250xx  Diabetes mellitus

Atnal fibrillation 4273  Amal fibnllation and flunter
42731  Amal fibnllation

Renal disease 403.xx  Hypenensive renal disease
404xx” Hypenensive heart and renal disease
40501  Secondary hypertension. malignant. renovascular
405.11  Secondary hypertension. bemign. renovascular
40591 Secondary hvpertension. unspecified. renovascuiar
584.x"  Acute renal failure
585 Chronic renal failure
586 Renal failure. unspecified
387 Renal sclerosis. unspecified

Mvocardial infarction  410.xx”  Acute myocardial infarction

Pneumonia & Influenza  480-7.xx” Pneumonia and influenza

Depression 292.2x"  Major depressive disorder. first episode

2923x"  Major depressive disorder. recurrent

3004  Neurotic depression

3090  Bnef depressive reaction

309.1  Prolonged depressive reaction

3t Depressive disorder. not elsewhere classified

" Any combination of numbers representing subsets of the diagnosis.



Table 3.4 Medication Inciuded In The Regression Models

Medicanion ciass

L?nl'q“e m :u" Call'[][l -

Digoxin
Sptronolactone

Calcium Channel Blockers

Non-Steroidal Anti-
inflammatory Drugs

digoxin

nifedipine
nisoldipine
isradipine
nicardipine
felodipine
amlodipine
verapamil
diltiazem

salsalate

choline magnesium trnisalicvlate

magnesium salicvlate
diclofenac

diflunmsal

ctodolac

fenoprofen

ibuproten
indomethacin
ketoprofen

ketorolac
meclofenamate sodium
mefenamic acid
naproxen

naproxen sodium
0Xaprozin

piroxicam

tolmetin sodium
celecoxib

rofecoxib

106
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3.6 Research design

The study will be a retrospective analysis using a nonequivalent control group
design. Specifically. the untreated control group design with pretest proxy measures will
be used (Figure 3.1)."* Total direct medical care costs reimbursed by the MCO during
the 6-month period prior to the index date will be used as the proxy pretest measure

(Figure 3.2).

Figure 3.1. Untreated Control Group Design With Proxy Pretest Measures ™

Experimental group: Oa: X Os:

Control group: Ox; On:

Figure 3.2. Swudy Timeline

Pretest penod Study period
A Al
- A\ 4 N

> ! -

-6 Months Index Date 12 Monaths

The use of different posttest and pretest measures charactenize this design. In choosing a
Proxy pretest measure. coasideration is given o measures that are correlated with posttest
scores since they will increase statistical power and serve as an adjustment for baseline
differences between groups. Ideally. a correlation of 1.0 1s desired since 1t will remove
any pretest differences trom positest scores. However. correlations substanuialiv less than

1.0 are commenly the case and even more s¢ when companng proxy measures to actual
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pretest measures. Poorlv correlated proxy measures can result in under-adjustment of
baseline differences making interpretation of the resuits difficult. Therefore. this
limitation should be carefully considered when interpreting the results of this study.
The primarv analysis evaluating hvpotheses 1. 2. 3. and 4 compared the ACE
cohort (control group and the ACE + B cohont (experimental group). A sub-analvsis of
hypotheses 1. 2. and 3 was carried out using a subset of the ACE inhibitor + B-blocker
cohort. The recommended strategy in the treatment of patents with CHF is to initiate
therapy with ACE inhibitors and then add a B-blocker. By not explicitly requiring this
therapy sequence in order to select patients for the primary analvsis. it is likely that
patients who started B-blockers before their ACE inhibitor were included. These patients
may have started B-blocker therapy for reasons other than CHF which acts as a
confounder when analvzed together with those that stanted B-blocker therapy for CHF.
The determinants of disease morhidity and mortality are likelv different between these
groups and can lead 1o responses that differ for reasons unrelated to medication therapy.
The sub-analvsis included onlv individuals who had pharmacy claims for B-blocker
therapy on the same day or after starting ACE inhibitor therapy. This cobort was
compared to the ACE cohort. The sub-anaivsis was intended to assess the issue of
confounding by indication that anses from seiecting panents that are on ACE inhibitors
and B-blockers regardless of which was prescribed first. Consistent findings berween the
secondary analyvsis and the primary analvsis suppon the idea that confounding by
indication may not have been an mmportant ssue i the analvsis. Discordant findings

support the 1dea that confounding may be a problem n the research design.



Using the same cohort comparisons from the pnmary analysis. hypotheses 5 was
tested as part of a secondary analysis. The effect of digoxin on the dependent vanables
of interest in the presence of ACE inhibitors with or without B-blockers was tested in the
secondary analysis. Hypotheses 6. 7. 8. and 9 were tested by comparing the ACE cohont
texpenimental group) and the no-treatment cohort (controf group).

The main threats to internal validity associated with a nonequivalent control
group design are differential selection. sefection-maturation mteraction. selection—history
interaction and statistical regression to the mean.™'™ The differential selection threat
refers to the selection of study groups that differ in one or more salient charactenstics to
the extent that it could account for differences between the cohorts in the results. In this
study. the differential selectnion threat would be operating most strongly if the nisk of
hospitalization or other outcome variable was different between the groups at the
beginning of the study period even without the intervention. The maturation threat refers
to factors internal to the subject that operate as a function of the passage of time that are
plausible alternanive explanations for differences observed between two groups. The
selection-maturation threat would manifest as the differential selection of patients into
each group with unequal seventy of CHF disease whose disease progresses and difterent
rates and might explain differences i hospitalization rates. healthcare costs. or mortality.
For instance. if the ratio NYHA class IV to V11 panents was higher in the "ACE
cohort” compared to the "ACE + § cohont then the selection-maturanion threat would be
operatng since the progressien 1o hospitalization and mortality 1S faster among NYHA

class HI/IV patients compared to those in NYHA class FII. The selection-tustory threat
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refers to the to factors outside those considered mn the study that may differentially affect
the dependent vanable being studied in one group and not the other throughout the study
period. An example would be if patients in the ACE + Beta cobort were enrolled in a
disease management program and those in the other two cohorts were not enrolled. In
this case. the disease management program could affect the nisk of hospitalization
throughout the study period and lead to erroneous conclusions. overesumating the
beneficial effect of B-blocker therapy. The statistical regression threat refers to changes
that occur as a result of statistical regression to the mean when subjects have been
selected based on the presence of extreme scores. In this design. all patients are selected
based on the presence of a CHF diagnosis and whether or not they received a particular
medication. Since these medications are used (o treat patients with varving seventies of
CHEF. it is unlikely that basing selection on medication use would represent an exireme in
the treatment of CHF and introduce the regression threat.

Noneguivalence between groups in this study will be addressed through the use of
multivanate analysis. Multivanate analvsis allows the effects of potential confounding
variables to be separated from the effect of the independent vanable of interest.
However. relevant potennial confounding vanables must be identified and included in the
analvsis. ldeallv. vanables represeniing relevant co-morbidities and disease-specific
seventy are desired since both can be associated with the cutcomes of a disease.
Unforunately. a limitation of this studv was that CHF-specific measures of disease
seventy in the ambulatory setting based on administrative data were not available. The

absence of a CHF-specific measure of disease seventy can bias the results in favor of the
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ACE cohort if they were recerving less drugs for CHF due to a lower severity of the
disease. However. general measures of the presence of co-morbidities were included in

the analvsis.

3.7 Anpalvsis

Descripuve satistics were performed for all dependent and independeat vanables.
The Pearson X~ test was used for categoncal vanables and unpaired t-test was used for
continuous vanables. A one-wav ANOVA test with a Tukey's studentized range test for
post-hoc companson was used for compansen of continuous vanables with more than
two groups. Total direct medical costs were broken down by categorizing each medical
claim according to 1ts” associated place of service code and. The place of service code
identifies that location where the medical service was provided. The statistical tests
mentioned above were also used 1o compare each category of total direct medical costs.
The ACE inhibitor and §-blocker medications that were used for each cohort were also
categonized. For each cohort. the number of patients taking each medication and the
mean dose of the first and last prescription during the 12-month study period was
presented. Statistical tests were not used to compared doses.

Two analytic approaches were used 1o answer the stated hvpotheses. The first was
based on logistic regression analvsis. The second was based on ordinary least squares
{OLS regression analvsis.

Logistic regression analysis 1s used to predict the occurrence of an event based on
one or more vanables that individually and/or collectively predict the outcome of that

event. ~ The dependent variable 1s a binary vanable representuing two dichotomous.
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mutually exclusive states representing the occurrence or non-occurrence of an event. The
independent vanables can be binary (e.g.. gender. categoncal (e.g.. NYHA class) or
continuous te.g.. age. blood pressure). Underiving the dependent vanabie is a probability
associated with the outcome of that vanable. In the case of hospitalization due to CHF. a
patient has a certan probability of being hospitalized for CHF duning a specified peniod
of ume. Logistic regression uses a transformation based on a logistic function that
estimates the relanonship between the independent vanables and the probability of this
event. More specifically. the logistic regression model describes the linear relationship
between the independent vanables in terms of the log-odds (Equation 3.1

log s =a+ Xy + bx~+ bax: + by, (Eq. 3.1
In this equation. b represents a measure of the association between the independent
vantable and the dependent vanable as a linear change in the log-odds after adjusting for
the influence of the other n - | vanables and x represents the change in the independent
vanables. Interpreting the relationship between the independent vaniables and the
outcome of the dependent vanabies in pracucal terms is based on the parameter
coefficients tbi. The relancnship between the parameter b and the odds raiio (OR) for the
independent vanable s descnbed by Equation 3.2

e =OR.orImORI=b,, :Eg 3.2

For dichotomous mdependent vanables. the OR represents the likelihood of the event of
1nterest occurming when the independent vanable is present. For continuous vanables. the
OR represents the likelthood of the event of interest occurring for a ope-unit change in x.

A positive s1gn in the parameter b comresponds to an icreased likelihood e.2.. OR



greater than one) whereas a negative sign in the parameter b corresponds to a decreased
likelihood te.g.. OR less than one). In multivariate analvses. the OR represents the
muluplicative change in the odds ratio holding all the other independent vanables i the
model constant. The statistical significance

The ability of the model to accurately predict the outcome of interest can be
assessed through the use of the Hosmer-Lemeshow test and receiver operator curve
tROC) analysis. The Hosmer-Lemeshow test divides the data into ten groups based on
increasing logistic probabilities. also called “deciles of risk.™ ™' For each decile. the
number of binary outcomes is calculated for each decile vielding 20 expected values. A
Pearson chi-square statistic 1s applied to the observed and expected values to produce a
measure of geodness-of-fit. Limitations to the Hosmer-Lemeshow test are that it is a
conservative test and may lead to Type Il error. In particular. specific types of non-
lineanty n the independent vanables are not detected well by the test. Another limitation
i1s that the results of the test can be affected by the cutpoints that are used to construct the
deciles since this is arbitrary. """ ROC analysis is a piot of the sensitivity versus the
complement of specificity (1 - spectficity) for all possible values. The area under the
curve (tAUC) is a summary measure of the predictive ability of the logistic regression
model under study. An AUC measure of 0.5 indicates the predictive ability of the model
1s equal to simple chance (e.g.. a coin tossi. On the other hand. an AUC value of 1.0
indicates a perfect predictive ability. Therefore. a value as close to one as possible 1s
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The second type of analysis that will be used is ordinary least squares (OLS)
regression analysis.'™ The goal of OLS regression analysis is to determine whether a
linear relationship exists between a dependent vanable. v. and one or more vanables
independent variables. x. The dependent vanable is a continuous variable with a normal
distnbution. The independent variables can be binary. categorical. or continuous
vanables. OLS regression uses the method of least squares to fits a model that describes
the effects of one or more independent vanables on the dependent vanables. For any
muitivanable linear regression model. the relationship between the dependent vanable
and independent vanables can be described by the following equation (Equation 3.31.

Y=a+bX{+bxs 4 meveen -+ by x4 (Equation 3.3)

where Y represent the dependent vanable. a is the intercept of the line. and by
represents the parameter estimates for each x; vanable.
More specifically. the b estimate for each corresponding x vanable represents the change

in the dependent vanable for a one-unit change in x. holding the remaining x vanables
constant.

An important assumption implicit in OLS regression models 1s that the dependent
vanable has a normal distnbutton. Thas can particularly problematic in the area of
outcomes research when medical costs are included as the dependent variable since their
distnbution tends to be skewed. This can be a problematic for independent vanables that
are included in the model as well. The skewed distnibution. which contains outlier
observations. can unduely influence the other parameter estimates. leading to poor fit for
the entire modei. There are several options that can be used to correct this problem. One

option 18 to mathematically ransform the dependent vanable (e.g.. loganthmic
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transformation). This often produces a normally distributed dependent variable but
complicates interpretation of the results. Another option is to windsonze the distribution
of the data. This procedure trims ¢ither one or both tails of the distribution. reducing the
magnitude of the outlving values 10 a set value. usually the 95® or 99 percentile. This
method includes all the data and preserves ease of interpretation since the original
relationship between the dependent and independent vanable is retained. For this
analysis. total direct medical costs were windsorized at the 99 percentiie separately for
the 6-month pre-study period and the 12-month study period. respectively.

The degree of vanability explained by the model is measured by the adjusted
multiple correlation coefficient. R”. The adjusted R can take on values berween zero and
one. Values closer to one indicate a better fit for the model. Other diagnostic tests are

also available that test other assumptions associated with OLS regression models."™

38 Regression models
The logistic regression model testing hypotheses 1. 2. 3. 4. and 5 is shown below.
DV =a + B, (B-blocken + B~ (ACE inhibitor) + B tdigoxini +
B. tspironolactone’ + B< { ARB) + By tcalcium channel blocker) +
B- iINSAID) + B« taget + Bo (male) + B+ (CDS) + B, (Pre-period cost) +
B:- i diabetes mellitus) + Bi: (atrial fibrillation; + By (renal disease =+
B:< tacute myocardial infarction) + By, (pneurnonia & influenza) +

B:- (depression:.
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The two coborts that were compared were the ACE inhibitor cohort versus the ACE
inhibitor plus B-blocker cohort. In this model. the "ACE cohort’ is the reference group.
Hypotheses 1. 2. and 3 will be evaluated by evaluating the magnitude and significance
level of the regression coefficient for B-blockers (B, ) after controlling for the
confounding effects of the other independent variables. An alpha level of 0.05 was set ¢
priort as the level of significance. For each hypothests. the dependent vanable changed
depending on the outcome of interest. A positive coefficient indicated that B-blocker use
was associated with increased risk of CHF-related hospitalization. all-cause
hospi.alization. or all-cause mortality. Converselyv. a negative coefficient indicated that
B-blocker use was associated with a decreased risk of these outcomes. Hypothesis 6. 7.
and 8 were tested using the following logistic regression model.
DV = ¢ + B (ACE inhibitor) + B (digoxin) + B: tspironolactone) + B: (ARB) +

B< (calcium channel blocker) + B (NSAID) + B~ (age) + B (male) +

Bu (CDS) + B (Pre-peniod cost) + By, (diabetes mellitus) +

B:: atrial fibrillation) + B: trenal disease #+ By (acute mvocardial

infarction) + ;< tppeumonta & influenzai + B« (depression).
In this model. the “No therapy’ cobort was the reference group. Hvpotheses 6. 7. and 8
were evaluaied by assessing the magmtude and sigmficance kevel of the regressicn
coetficient for ACE inhibitors (8. after controiling for the confounding effects of the
other independent variables. As before. the dependent vanable changed depending on the
outcome of mterest. The results were interpreted using the same significance levels

mentioned sbhove.



117

Hypothesis 4 and 9 were evaluated using an OLS and general linear model. The
OLS modei contained the same variables as those used for hypotheses one through five.
Regression coefficients were interpreted in a simular manner. A positive sign for the
regression coefficient indicated that the presence of that variable was associated with
increased spending while a negative sign indicated decreased spending. From this model.
predicted costs were obtained for each subject. With this information. a general linear
modei was created using the predicted total direct medical costs as the dependent
variable. The following model was used.
DV = a + B, (treatment group; + B (digoxin) + B: (spironolactone) +
B: (ARB) + B« (calcium channel blocker) + B (NSAID) + B- tage) +
B« tmale) + Bs (CDS) + By (Pre-period cost) + By, (diabetes mellitus) +
B~ (atnal fibrillation) + B (renal disease) +
B+ tacute myocardial infarction) + ;s (pneumonia & influenza) +
Bie (depression).
The B-blocker and ACE inhibitor variables were then substituted by a three-level
categorical vanable representing the three treatment groups. Post-hoc comparisons of
mean total direct medical costs were performed using the Tukey-Kramer test adjusting
tor the covanates m the model. The results from the post-hoc Tukev-Kramer were

directly used to test hypothesis four and nine.
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3.9 Power Analvsis

Preliminary analvsis of the database has been conducted to produce an estimate of
the available sample size for each cohort (Table 3.5) These estimates were intended to be
compared with the sample size estimates that are required 1o adequately analyze each
hypothesis.

The sample size estimates required to appropriately analyze each hypothesis were
calculated assuming an expected power of 80 percent and an alpha level of 0.05 for a

one-tailed test. For hypotheses analvzed using multivariate logistic regression analysis.

Table 3.5 Preliminary Esumates Of Available Sample Size For Each Cohont

Cohort n
ACE cohort 1793
ACE + B cohort 1040
No therapy cohort 2469

the method recommended by Hsich was used."™ This model assumes that the
independent vanables included in the model are continuous and have a joint multvanate
normal distnbution. The logistic regression model used n thas analvsis had both binary
and continuous vanables. which violates both assumptions of the Hsieh method.
However. statistical tests tend to be robust with regard to violations of the assumption of
normality. In order o calculate the required sampie size for a multivaniate model. the
muitiple correlation coefficient between the covanate of interest and the remaining
covanates 1 the model must be specified. In additien. the probability of the cutcome

event must be specified. Table 3.6 lists the required sample size for each hypothesis
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using logistic regression analvsis. Methodologist's Toolchest 3.0 (Sage Publications.
Thousand Oaks. CA) was used to calculate the sample size.'" The estimates suggest the
analyses were adequately powered to test each hypothesis except Hypothesis 7. This
hvpothesis remained in the analvsis for the purpose of consistency but failure to find 2
significant difference would not be interpreted as a lack of effect given the potenual lack
of adequate power.

For hvpotheses analvzed using OLS regression analysis. sample size was
estimated using the method for the comparison of group mean between two groups using

Stata 6.0 for Windows 98/95/NT (Stata Corp.. Cotlege Station. TX).

Tabie 3.6 Estimated Sample Size For Logistic Regression Models’

Hypothesis Expected OR Required Sample Size
P (event)

0.02 0.05 0.10
Hy 0.68 2835 1213 672
Ha: 0.82 10834 4596 2517
Has 0.70 3322 1419 784
His 0.72 3924 1673 923
Hie 0.70 32 1419 784
Hi- 093 81342 426 18787
His 0.77 6226 2647 1454

" Bold indicates the level providing adequate power based on the probability of the event
and available sample size

The approach selected for this analvsis makes the usual assumptions asseciated with
parametnc tests and does not take nto account the multivanate nature of the analysis.

For these reasons. this approach most hikely underesumates the sample size required for
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the analysis. However. it does provide a useful approximation of the sample size

required (Table 3.7). From these estimates. it was reasonable to conclude that the

Table 3.7 Estimated Sample Size For The General L inear Model Analysis
Mean| Mean2 Difference  Sample size
5000 5750 750 3806
5000 6000 1000 2142
" Total sample size for both groups.

analyses of total direct medical costs were adequately powered to detect a difference of

$1000 between the cohorts for hypotheses 3 and 9.
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CHAPTER 4 RESULTS

4.1 Inclusion and Exclusion Criteria

A total of 11.054 subjects with an ICD-9-CM diagnosis of CHF were identified in
the managed care database. Among subjects 35 vears of age or older. eighteen months of
continuous eligibility was available for 2927 enrollees. Application of the additional
criterion of having an ICD-9-CM diagnosis of CHF during the 12-moath study period
reduced the number of eligible enrollees to 2347. Exclusion of subjects that used B-
blockers other than those listed in Table 3.2 further reduced the number of eligible
enrollees to 2206. An additional exclusion criteria. prohibiting the use of angiotensin-
recepior blocker (ARB) medications in the “no-therapy cohort™ and mandating that their
use be preceded by an ACE inhibitor prescription in the remaining study cohorts. was
used in order to deal with this class of medications. ARB use in the treatment of CHF
was not considered interchangeable with ACE inhibitors. but their mechanism of action is
similar and could confound the effect of the medications of interest on risk of
hospitalizations and cost. "™ After this exclusion criterion. the number of eligible
enrollees remaining was 2021. The number of subjects in the ACE. ACE + Beta. and no-
therapy cohorts were 457, H8_ and 1116. respectvely. Because of the selection critenia
for the ACE + Beta cohort. it was possible that the davs of therapy for either ACE
inhubitor and/or B-blocker during the study period couid be zero. For example. suppose
an individual was prescribed a B-blocker for coronary artery disease. Thirty davs later

thev were prescribed therr first ACE inhibitor prescription for the treatment of CHF but
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did not receive another B-blocker prescription after the ACE inhibitor. In this study. the
index date would be the date of the first ACE nhibitor prescription and this subject
would be included in the ACE + Beta cohort. The days supply of ACE inhibitor therapy
would be included in the 12-month study period but the davs supply of B-blocker would
not since the date of the prescripuon preceded the index date for this subject. In this case.
the days supply of B-blocker would be zero even though they were inciuded in the ACE +
Beta cohort. To prevent this from occurring another exclusion critenion was added
requiring the number of ACE inhibitor and B-blocker days to be greater than zero in the
ACE + Beta cohort. The last exclusion critenon reduced the size of the ACE + Beta

cohort to 330 subjects. The final number of subjects in the enure study was 1903.

4.2 Descriptive Statistics for Subject Cohorts

Table 4.1 lists the age and gender of the study subjects. No difference in age
between the coborts (p=0.034) or gender distribution (p=0.669) was found. The
prevalence of co-morbidities for the study cohorts 1s shown in Table 4.2. Salient
differences in the distnibution of co-morbidities between groups suggest an increase in
overall chronic disease burden as the requirement for an ACE inhibitor or a B-blocker in
each cobont 1s introduced.  For mstance. the prevalence of DM was 39 percent and 118
percent higher for the ACE and ACE + Beta cohorts. respectivelv. compared to the no-

therapy cohort 1p<0.001 1. In the case of AML the prevalence was 24 percent and 178

Table 4.1 Demographic Charactensucs For The Entire Cohont And The Treatment Cohorts



All ACE ACE + No p-value
cohont Beta theraps
cohont cohort
n 1903 457 330 1116
Agetsdy 69.4 702 68.1 €695 0.054
(12.4) (11L6) (114 (12.9)
Percent male 188% 19.0% 50.9% 18.1% 0.669

* One-way ANOVA
+ Standard deviation

Table 4.2 Prevalence Of Co-Morbidities Based On ICD-9-CM Diagnosis Codes Among
The Enure Cohort And The Treatment Cohorts

All ACE ACE + No p-valoe’
cohort Beta therapy
cohont cohont
Disease co-morbidity
Diabetes mellitus X% 33.5% 38.5% 17.7% <0.001
Amnal fibnilation 23.8% 26.7% 29 4% 20.9% 0.001
Myocardial infarction 11.8% 10.7% 239% 8.6% <0.001
Renal disease 95% 11.4% 12.1% 8.0% 0.023
Pneumonia & Influenza 24.6% 23.0% 7% 258% 0341
Depression 8 64% 9.4% 8.6% 0.229
Chronic Disease Score 589 745° 761 4757 <0001
istandard deviation} (3.78) i2.90 (2.75) {3.93)

* One-way ANOVA for continuous vanables: Pearson X- test for categonical variables
+ Tukey's studenuzed range test for ACE + Beta cohort versus No therapy cohort.

p<0.05

: Tukev's studentized range test for ACE cohert versus No therapy cohert. p<0.03

percent higher tor the same cohorts. respectivelv. compared to the no-therapy cohort

ip<0.0011. Similar differences were found for atrial fibnillation and renal disease
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suggesting that the use of these medications are not solely based on recommended
treatment practices for CHF. but aiso are influenced by the presence of co-morbidities.
Significant differences in the CDS were m accord with the apparent increased burden of
chronic disease between the cohorts.

The distribution of medication use is shown in Table 4.3a. The mean days supply
of ACE inhibitor medication was 325 days higher among the ACE + Beta cohont
compared to the ACE cohort (p<0.001). Mean days supply of digoxin among the ACE
and the ACE + Beta cohorts were 42.5 and 66.3 days greater than the no-therapy cohort.
respectively (p<0.03 for both). The ACE inhibitor and B-blockers used in the ACE and
ACE + Beta cohorts along with the mean initial and final dose among users of each
respective medication are shown in Tables 4.3b. Table 4.3c. and Table 4.3d. The most
commonly used ACE inhibitors were fosinopril and quinapril because of preferred
formulary status. Beginning and end doses tor the most commonly used ACE inhibitors
in the ACE + Beta cohort were higher compared to the ACE cohort. Among B-biockers.
immediate-release formulations of atenolol and metoprolol were the most commonlv
used. Medical and pharmacy direct medical expenditures are shown in Table 4.4.
Expenditures for inpatient care constituted 59 percent of all expenditures whereas
pharmacy expenditures accounted for only 6.6 percent. Pre-period costs for the ACE +
Beta cohort were S2793 and $4030 higher (p<0.03 for both) compared to the ACE and
no-therapy cohort. respectively. Total costs duning the study peniod for the ACE + Beta
cohort were $6236 and S4H9 higher ( p<0.05 for both) compared to the ACE and no-

therapy cohort. respectively. Onlv windsonzed pre-period total costs and pharmacy costs



were significantly different between the ACE and no-therapy cohorts. In these cases. the
ACE cohort pharmacy cost was $228 higher (p<0.05) and the windsorized pre-period

total cost was $1516 higher (p<0.001) compared to the no-therapy cohort.

Table 4.32 Distnibution Of Mean Days Of Medication Therapy Among All Subjects And
The Treatment Cohorts
Alt ACE ACE + No p-value
cohort Beta therapy
cohort cohort

Therapy
mean (standard deviation)
ACE inhibitor davs 857 193.6 226.1 - <0.001
(13060 (1294 (120.8)
Beta blocker days 82 - 2203 - -
{98.0 (123.7)
Digoxin davs 510 718 955 292 <0001
(1034 (1158 1310y (80.3)
Spironolactone days 155 10.2 184 16.7 0.090
(595 43.7) 166.8) i62.7)
Angiotensin-recepior 13 FL3 93 - 0.581
blocker davs 32.0) (31.7) 43.5)
Calcium channel o 413 518 428 0.304
blocker days (102.0 97.9) (1042 (103.0h
NSAID davs 194 215 200 184 0.651

60.8) (64.6) 163.6) (38.3)
* One-way ANOVA for continuous variables. t-test for two group compansons
* Tukey's studentized range test for ACE + Beta cohont versus No therapy cohort.
p<0.03
: Tukey's studentized range tesi for ACE cohort versus No therapy cohort. p<0.05
§ Tukev’s studentized range test for ACE cohort versus ACE + Beta cobort. p<0.03




Table 4.3b Dose For The First And Last ACE Inhibitor Prescripion For The ACE

Cohont
n Begin Dose o End Dose
me (sd.) mg(s.d.)’
Benazepnl 14 11.8 (4.6} 10 14.0¢5.2)
Capropril 82 37.125.7) 81 H.6(37.6)
Enalapril 2 225248 3 6.7(2.9)
Fosinopril 84 11.0¢5.5) 91 i3.7¢(11.8)
Lisinopril 6 14.6(16.2) 4 13.8(17.5)
Quinapril 266 11.7 (9.8) 266 15.6¢(149
Ramupsil 3 2.740.3) 2 1014
Trandolapnl - - - -
Total 457 457

" Standard deviation
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Table 4.3¢ Dose For The First And Last ACE Inhibitor Prescnption For The ACE + Beta

Cohont
n Begin Dose n End Dose
me is.d.) mg (s.d.)
Benazepnl 18 16.1 (10.2) 17 17.1¢12.00
Captopnil 51 36.1 (377 49 60.4 (62.0)
Enalapnil 2 150(7.1H 2 100y
Fosinopnl 83 19.8 (16. 83 210¢14 D
Lisinopnl 7 1574129 3 20.0¢18.0v
Quinapn! 166 18.2 (16.6) 173 13.3(20.%
Ramupni 2 375008 2 153035
Trandolapni 1 200 1 20¢—
Towal 330 330

" Standard deviation

Table 4.3d Duose For The First And Last B-Blocker Prescription For The ACE + Beta

Cohon
n Begin Dose n End Dose
me is.ds mg {s.d.}
Atenolod 132 H 2284 129 432294
Carvedilol 61 1534413 3 20917
Metoprolol 9 7694611 2 SIS {458
Metoprolol XL 29 ERXiThS S 35 7794800
Bisoprolot/HCTZ 12 3620 11 57423
Total 330 330

" Standard deviation
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Table +4 Medical And Pharmacy Expenditures Among All Subjects And Treatment
Cobornts
All ACE ACE +Beta Notherapy  p-value
cohon cohort cohort
mean (standard deviation )
Pre-Peniod

Toalcost $7033 sl si0067l s6037  <0.001
1SI6124y  1S13396) tS1522h (S17262)
Windsorized total costt  $6384  s6781M1  soe18l  ss2651  <0.001
(SI0320)  (S9489)  (SI25023  (S9678)
Study Period
Outpatient Care ~ $1782  st74sl sl 16148 <0.00t
($2738)  (S2502y  (S3I28) (52682
Inpatient Care ~ $7412  Sse13l  sjoo20tt  s7378° 0003
(S17936)  (S9S12y  (S23503)  (SI8586)

Emergency Care S840 g6l siasd s775° 0.004
(SI774  (SI45L (S2361)  (S1683)
Other  S1765  SI482 S1785 SIS7TS 0499

{S6003) 1S4770 (S6912; (S6164)

Pharmacy  $836  ss7sMl sportl sesitt <gooi
S1I3  (S999) (S10781  (SI1IO

Tolcost  S1263  sposost  sie7arl s12202' 001
iSA20TY (SIISIZ (SIT23) (S21608)

Windsorized toial costt~ $12007  stomol  sisasl siieet <0.001
(SI6297y  (S13069) (S19003) iS16300;)

* US dollars

" One-way ANOVA

" Top 1% Windsorized to 99 value

" Tukey's studentized range test for ACE + Beta cohort versus No therapy cobort.
p<0.03

! Tukey's studentized range test for ACE cohort versus No therapy cohort. p<0.05

i Tukey's studentized range test tor ACE cohon versus ACE + Beta cobort. p<0.03

Table 4.5 hists the frequency and distnbution of hospitalizations for the study
cohorts. The proporuon of subject hospitalized for any cause was not sigmificantly

different between the cohorts. Compared to the no-therapy cohort. the propertien of
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subjects hospitalized for CHF was 61.2 percent and 79.9 percent higher (p<0.001 for
both) for the ACE and ACE + Beta cohorts suggesting a concomufant increase In severity
of CHF disease between the cohorts.

Table 4.5 Prevalence And Number Of All-Cause Hospitalization And CHF-Refated
Hospuialization Among All Subjects And Treatment Cohorts

All ACE ACE + No p-value
cohort Beta therapy
cohert cohort
tn=1903) p=457) =330y n=1116)

No. all-cause 2158 492 499 1167 -
hospitalizations

Proportion with all- 61.3% 61.0% 63.5% 60.2% 0.227
cause hospitalization

No. CHF-related 621 £33 152 316 -
hospitatizations

Proportion with CHF- 12.6% 15.8% 17.6% 9.8% <0.001
related hospitalization

Pearson X~ test

43 Regression Analysis

The first four hypotheses investigate the affect of B-blocker therapy on the four
endpoints of interest including nsk of hospitalization for CHF. nisk of all-cause
hospitalization. nisk of in-hospital all-cause montality. and total direct medical costs. The
fifth hypothesis investigates the effect of digexin therapy on the nsk of hospitalization for
CHF. The remaining four hvpotheses investigate the efiect of ACE inubitor therapy on
the endpoints set cut in the first four hypotheses.
43.1 B-blocker therapy

The first nuil hypothesis concerning B-blocker therapy was:
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Hy;: There is no difference in the risk of hospitalization for CHF between patients with a
diagnosis of CHF receiving a B-blocker pius an ACE inhibiior compared 10 those
receiving onlv an ACE inhibitor.

The logistic regression analysis results for Hiy, are shown in Table 4.6. After controlling

for demographic variables. expenditures during the six-month pre-period. co-morbidities.,

and medication use. days supply of B-blocker therapy was not associated with a

statistically significant protective effect against the risk of hospitalization for CHF

(p=0.204). Therefore. we fail to reject Hyy. However. in this model ACE inhibitor

therapy was associated with a sigmificant protective effect against CHF hospitalization

(p=0.016). Based on model esumates. subjects receiving 180 days of ACE mhibitor were

18.8 percent less likelv to be hospitalized for CHF than subjects not receiving ACE

inhibitor therapy. Other statistically significant vanables in the model included age

(p<0.001). pre-penod total direct medical costs (p<0.001 ). the presence of a diagnosis of

diabetes melhitus (p=0.018). and the presence of a diagnosis of acute myocardial

infarction (p=0.0361.

Results from the sub-analvsis using subjects treated with an ACE inhibitor
followed by a B-blocker in the ACE + Beta cohort are shown in Table 4.7. Two-hundred
cighteen subjects were m the sub-cohort of the ACE + Beta cohon. No significant
differences were found between vanables included in the mode! between the full and sub-
cohort tAppendix Ai. Again. B-blocker therapy was not associated with a statistically
signiticant protective effect (p=0.2961 against the nsk of hospitalization for CHF.

Results of ROC analvsis and the Hosmer-Lemeshow test indicated good fit for both






