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CARPIOMYOPATHY

Improved Exercise Hemodynamic Status in Dilated Cardiomyopathy
After Beta-Adrenergic Blockade Treatment

BERT ANDERSSON, MD, CHRISTIAN HAMM, MD,* STIG FERSSON, MD, PaD,t
GERHARD WIKSTROM, MD,t GIANFRANCO SINAGRA, MD.§

AKE HJALMARSON, MD, PuD, FINN WAAGSTEIN, MD, PuD
Goteborg, Lund and Uppsala, Sweden; Trieste, ltaly; and Hamburg, Germany

Objectives. This study was performed to investigate exercise
hemodynamic status in a double-blind, placebo-controlled trial
and was a substudy in the Metoprolol in Ditated Cardiomyopathy
Teial.

Background. Previous open studies have shown beneficial
effects on exercise hemodynamic status after beta-adrenergic
blocking agent therapy in patients with congestive heart failure.

Methods. The study Included 41 patients with idiopathic dilated
cardiomyopathy with ejection fraction <0.40 (metoprolol, 20

i placeko, 21 pati whose hemed, jo status was
investigated at rest and during supine submaximal exercise, at
baseline and after 6 and 12 months of treatment. Myccardial
mietabolism was evaluated in » subset of 19 patients.

Results. P treated patieats fe , 88
expressed by Improved exerclse cardiac index ({mean x SD]
placebo 4.8 1.6 10 4.7 + 1.8 liters/min per m?, metaprotel 4.3
1.1to 5.4 = 1.9 Hters/min per m?, p = 0.0001) and stroke work
Index (placebo 44 + 20 to 41 * 27 pm/m?, metaprolol 35 = 16 to
$8 £ 28 gm/m?, p < 0.0601). Exercise systolic arterial pressure

increased (placzho 161 = 25 to 151 * 23 mm Hg, metoprelol 155 =
29 to 165 = 37 mm Hg, p = 0,0003) as well as exercise oxyger
consumption fedes (placebo 463 = 194 to 474 = 232 m¥imin per m°,
retoprolel 40¢ 3: 272 to 507 + 298 ml/min per w?, p = 0.045).
There was a significant increase in exercise duration in the
metoprolol groap (63 = 38 s) compared with the placebo group
(=24 = 42 5) (p = 0.01), Net myocardial lactate extraction
increased in the metoprolol grovp, suggesting less myocardinl
ischemia (placebo 17 £ 22 to 9.5 : 6.4 mmolmin, metoprolol
=32 = 100 te 42 & 45 mmol/mir, p = 0.03). Peripheral fovels of
norepinephrine tended to decrease at rest and during cxercise,
whereas myocardial net spillover was unchanged.

Conclusi Metap: P h ly status in
patients with diiated cardiomyopathy at rest and had a more
prenounced effect during exercise. These positive effects were
achieved along with improved or stable i i
data,

(J Am Coll Cardiol 1994;23:1397-424)

An increasing number of reports suggest improvement in
cardiac function and hemodynamic status after beta-
adrenergic blocking agent treatment in patients with heart
failure. The original observation of this therapy was reparted
for metoprolol therapy (1,2). In recent years metoprolol and
other beta-blockers have been used successfully (3-6). The
vasodilating properties of other beta-blockers may have
contributed 1o the observed improvements. The role of
beta-blockade per se as a useful therapy in heart failure has
not been established. Up to the present time (7). there have
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been no larger randomized wials. This study was performed
to investigate whether the positive effects previously noted
in an open study (6} with regard to exercise hemodynamics
and myocardial bolism could be reproduced in a long-
term controlled trial.

Methods

Patients. The Metoprolol in Dilated Cardiomyopathy
Trial was completed in July 1992. The study recruited 383
patients in 33 centers in Europe and North America. The
study protocol was double-biind, placebo-controlled and
randomized according to center and baseline ejection frac-
tion <0.20 or >0.20. The main results of the Metoprolol in
Dilated Cardiomyopathy Trial vill be published elsewhere
(7). Inclusion criteria were symptomatic dilated cardiomy-
opathy and ejection fraction <0.40. Exclusion criteria were
coronary artery disease confirmed by coronary arteriogra-
phy, systemic disease, insulin-dependent diabetes mellitus,
excessive alcohol consumption, hypertension. signs of ac-
tive myocard’ . ar other serjous disease that might affect the
prognosis of the patient. Before entering the study, the
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Table 1. Baseline Characteristics of 41 Study Patients
ized to Receive P or Placeso Therapy

Aetoprolo} Placebo
Group Group
{n=20) m=21)  pValue
Men (%) 7 8 -
Age (yn) 46 51 014
History (wk} 74+ 63 107 = 106 -
New York Heart Association
functional class (%)

il 5 14

n i 81 -

v ] 5
Ejection fraction (%) 2027 =9 —
Excercise lime (s) 588 + 249 564 + 209 —
Digitalis (%) @ 7 -
Angiotensin-converting cnzyme 65 9% ol

inhibitors (%)

Nitrates (%) Fiil 5 -
Furosemide (mg) 56 %46 B2 7S -
Creatinine (umol/liter) 9819 019 -
Sodium (mmolfliter) 1394 19+3 -
Norepinephrine (nmolliter) 2% 17 276219 013
Heart rate {bcats/min) 90 16 B4=17 -
Systolic blood pressure (mm Hg) 1wz 119+ 16 -

patients received a test dose of 5 mg of metoprolol twice
daily for 2 days. If this dosage was 1ol 1, the pati
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patient in a fasting state and without premedication. A
triple-lumen Swan-Ganz pulmonary artery catheter and a
Wilton-Webster coronary sinus catheter were introduced
percutaneously through the internal jugular vein. The cor-
rect posmon of the corcnary sinus catheter was checked by

of 1 dium and by tracings
of flow curves. An arterial line was obtained throngh the
radial artery. Pressures, flows and blood samples were
obtained at rest. The patients then performed supine bicycle
exercise 2t a fixed load of 50% of their maximal work load as
determined from the exercise test performed on day 1. After
4 min of ise, p were ded, and thereaf
flow measurements and blood sampling were performed
during continuous exercise. Corcnary sinus catheterization
was optional in the study protocol and was only performed at
the coordinating center.

M F | status was d dil
to New York Heart Association functional cIasmﬁcauun
Left ventricular ejection fraction was estimated fiom equi-
librium radionuclide angiography. Flows were measured by
a thermodilution technique. Cardiac output was measured in
the pulmonary artery and was calculated by computers. The
coronary sinus cath was hed to a Wh
bridge, and changes in thermi caused by temper-
ature changes were recorded on a Siemens-Elema mingo-
graph. Coronary sinus blood flow was calculated with a
standard formula (8). Blood samples were obtained for
analysis of oxygen content and catecholamine and lactate

were randomly assigned to receive metoprolol or placebo for
12 months. Twenty patients were randomized lo receive
metoprolol, and 21 patients received placebo treatment. In
the main study 4% of the patients were not included because
of hemodynamic intol Ti was d with
increasing doses over 6 weeks according to the following
schedule: week 1, 5 mg twice daily; week 2, 5 mg three times
aday; week 3, 10 mg twice daily; week 4, 25 mg twice daily;
week 5, 25 mg three times a day; week 6, 50 mg twice daily;
week 7 and onward, S0 mg three times a day. The final dose
was determined by the clinical status of the patient and
possible adverse effects. The mean (=SD) final dose was
130 % 26 mg in the metoprotol group and 116 = 52 mg in the
placebo group {p = NS). ln thls report the panems pa.mcl-
pating in an optional dy on mic
status are p d. The baseline ch istics of lhc two
groups are shown in Table 1. There were no statistically
significant differences in baseline variables between the two
groups.

Protocol. The test drug was stopped 24 h before the
investigation. All other medications were maintained through-
out the investigation. The patients were studied before
inclusion and after 6 and 12 months of treatment. On day 1,
the patient performed a maximal sitting bicycle exercise test
starting at 20 W, with ircrements of 10 W/min. Radionuclid

levels. Norepinephn'ne and epinephrine levels
in plasma were d by high peri liquid chro-

graphy with cl ical di ion (9). Lactate was
analyzed with an enzymatic method (Lactate Analyzer 640,
Roche Bio-Electronics).

Derived variables. The following variables were derived:
Cardiac index (Cardiac output/Body surface area; stroke
volume index (Stroke volume/Body surface area); stroke
work index [(Mean artery pressure ~ Pulmonary capillary
wedge pressure) X Stroke volume index X €.0136]; oxygen
consumption index (Cardiac index X Arteriovenous oxygen
difference); rate-pressure product (Mean artery pressure x
Heart rate); systemic vascular resistance {{Mean artery
pressure — Right atrial pressure)/Cardiac output); and myo-
cardial oxygen consumption [Coronary sinus flow X (Arte-
rial oxygen content — Coronary sinus oxygen content)). Net
myocardial extraction of lactate and catecholamines = Cor-
onary sinus flow x (Arterial concentration - Coronary sinus
concentration). Coronary sinus flow ttacings could not be
obtained in all patients because of difficulties with position-
ing the catheter.

The stady was approviu by the Ethics Commitiee of
the Medical Faculty, University of Goteborg. Participat-
ing patients gave informed consent before inclusion in the
study.

St hods. Data were analyzed with an IBM

angiocardiography was performed on day 2. On day 3, right
heart catheterization was performed in the morning with the

3081 minicomputer-based SAS statistical software (SAS
Inc.). Analysis of varfance of repeated measures with
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Figure 1. Effects on changes in exercise time from bascline 1ves-
tigation; p values denote intergroup comparison by analysik of
variance from baseline to 6 and 12 months of follow-up. Data are
mean values + SEM. Circles = metoprolol: squares = placebo.

unbalanced data (10) was used. All p values were two-tailed.
Al values are expressed as mean values + | 8D and in
figures as mean vafues + | SEM.
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Results

One patient in the placebo group, who was withdrawn
from the study afier 6 months of follow-up because of clinical
deterioration and li died of o ive heart
failure before the end of the study. Another patient in the
placebo group died of congestive heart failure after & months
of treatment, and one patient in the meteprolol group died
suddenly after 6 months of treatment. One patient in the
placebo group reached a nonfatal ¢nd poini (need for heart
transplantation) but maintained therapy and was studied at
12 months of follow-up. Hemedynamic evaluation at 6
moaths was not performed in all patieuts because of admin-
istrative reasons. Furthermore, in the metoproloi group, one
patient’s clinical condition was tao poor to allow supine
exercise on the catheterization table, and one vatient was
unable to exerzise because of knee pain

Functional classifization did not change significanily dur-
ing the study period. Maximal exercise time increased sig-
nificantly 1 the metoprolol group by 12 months of treatment
(Fig. ). Ejection fraction increased significantly mere in the
metoprolo! group (21% =+ 7, 309 + 11, 34% = 13 at baseline
and at 6 and 12 months, respectively) compared with the

Table 2. Hemodyzemic Vasdables at Rest, at Baseline Investigation and at 6 and 12 Months of

Follow-Up
Baseline 6 mo p Value* 12 mo 2 Value*
No. of pts
Placebo 16 L]
Metopralol ] 15 17
Hea:t rate (beats/min)
Placebo =17 3219 g4e BS 12 0.01
Metoprelol = 6 RN I 80 =18
Right atrial pressure (mm Hg)
Placebo 7 4 _ 3zl
Metopralol =39 2 3
Pulmonary capillary wedge rressure imm Hg)
Placebo 5 £ 10 12z 009 13x10 020
Metoprolol 15282 64 950
Systolic arterial pressure {mm Hg)
Placedo 21217 n=1r g0 15 +13 0.005
Metoprolol 1032 134 =% 132+ 2%
Cardiac index (liters/min pev n%
Placebo 25266 25205 44 .5 £ 0 o0l
Metoprolol 24505 16+07 2807
Stroke volume index (my/m?
Placebo 1) B 0.4 212 0.0006
Metoprolol *8 Wil 0
Stroke work index (gm/m’)
Placebo I V12 gons W12 - q0001
Metaprolol =12 B> 16 215
Systemic vascular resistance (dynes'scm™)
Placebo P43 = 445 1302 = 405 - 1,376 £ 380 _
Metaprolol 1,489 = 414 1,423 x 580 1.312 * 460
Oxygen consumption index {ml/mir per m?)
Placebo 12749 13o=x29 0.10 1 £ 4§ 0.08
Metoprolol 0359  124+32 106 = 61

*Changes from baseline in intergroup comparison by analysis of variance. pts = patients.
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Tabl 3. Hemodynamic Variables During Supme Submaximal Exercise, at Baseline Investigation

and at € and 12 Months of Follow-Up

Baseline 6 mo p Value* 1Zmo  pValue*
No. of pts
Placebo 21 16 18
Metoprolo} 20 15 17
Work load (W)
Placebo 622 B4 014 57 2% 0.14
Metoprolo} 54=2 63 £ 26 323
Heart rate (beats/min)
Fiacebo 12616 129=x16 (P ES]
0.07 0.02
Metoprolol 3620 123:22 12426
Right atrial pressure {mm Hg}
Placebo 8245 965 - 973 013
Mztoprolol 9246 759 8§45
Pulmonity capillary wedge pressuze mm Hg)
Placebo 2711 n=z2 =12 7
Metoprolol w19 were ¥ nan 008
Systolic arterial pressure (mm Hg)
Placebo 161225 149231 1B1=3
a.10 0.0003
Metoprolol 155+29 IS1+38 165 + 37
Cardiac index {liters/min per m?)
Placebo 4816 49 4718
o0 0.0001
Metaprolol 4311 S1=1 54219
Siroke volume index (mlim?)
Placebo KRS 3=z 14 B=x15
. < 0.0001
Metoprolol RN=9 2:=14 000! %17
Stroke work index (gm/m?}
Placebo M0 =19 o Y20 Copm
Metoprotol 33216 49227 . 8+ :
Systemic vascular resistance (dynesscin™?)
Placebo W = 469 897 = 508 - 875 = M8 0.19
Metoprolo! 72276 920 = 356 454 = 406
Oxygen consumption index (m¥min per m?)
Placebe 463 = 194 539 = 186 474 2 212
0.04 0.043
Metaprolol 4062212 51 = 305 507 . %8

*Changes from baseline in intergroup comparison by analysis of variance. pts = patienis.

placebo group (23% * 9, 24% = 9, 28% * 12 at baseline and
at 6 and 12 months, respectively). The corresponding p
values in intergroup comparison of changes from baseli

ischemia, there was no statistical difference between the iwo
groups (Tables 4 and 5), The negative extraciion turned to

were p = 0.02 at 6 months and p = 0.03 at 12 months.

Hemedynamic data. At rest, metoprolol treatment was
associated with a significantly lower heart rate and an
increase in systolic arterial pressure and cardiac, stroke
volume and stroke work indexzes (Tables 2 and 3). There
were siinilar trends during exercise, although the increase in
cardiac, stioke volume and stroke work indexes in the
metoprolol group seemed to be more pronounced (Fig. 2).
Individual data points con stroke work index at baseline and
after 12 months of treatment are shown in Figure 3. There
was a trend toward lower pulmonary capillary wedge pres-
sure in the metoprolel group at rest as well as during exercise
(Fig. 4). Exercise oxygen ption index i d
significantly in the metoprolol group compared with the
placebo group.

Myocardial metabolism. Although the average myocar-
dial lactate extraction at baseline rest investigation was
negative in the metopralol group, suggesting myocardial

positive aiter 6 and 12 months of treatment (Fig. 5). The

Figure 2, Effects on cardiac ;ndex at rest and dusing supine bicycle
submaximal exercise; p values and symbols as in Figure 1.

[
g4 001  0.0001
£ 017 001
= —
2,L Rest Exercise :L
0 6 12 0 6 12

Menths of follow up
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Figure 4. Effects on pulmonary cupillary wedge pressure at rest and
120 during supine bicyele submaximal exercise: p values and symbols as
in Figure 1.
100 }
8o | .
E ment. Hemodynamic improvement seemed more accentu-
T el * ated during exercisc, suggesting improved cardiovascular
L) reserve.
a0t - 8 [ ) Hemodynamic variables. Both rest and exercise hemody-
® namic variables suggested improvement in the metoprolol
20 group, whereas the placebo group was unchanged. Lower
heart rate and filling pressures, accompanied by increased
0 stroke volume, stroke work and cardiac indexes are in
Rest Exercise Rest Exercise accordance with most previous trials (4,41-13). The differ-
Baseline Treatment

Figure 3. Stroke work index represented by individual data poinls in
the placebo (top) and metoprolo! (bettom) groups at baseline and
after 12 months of treatment. Patients were investigated at rest and
during supine submaximal exercise. Mean values + SEM are also
shown.

placebo group had positive extraction at baseling that was
unaltered by therapy. The trends were similar during exer-
cise, but were not statistically different in group compari-
sons. Coronary sinus flow and myocardial oxygen consump-
tion did not change during the study. By analysis of variance
the arterial norepinephrine concentration decreased signifi-
cantly more in the metoprolol group than in the placebo
groupdunng follow-up (p 0.03). Myocardial metabolism of
phrine and cpinephrine was unaltered by meto-
prolol and placeko treatment.

Dlscussmn

The pati ng prolol treatment responded
favorably, as expressed by Impl'r\ved hemadynamic status,
ion fraction, i d myocardial lactate

exlracuon and lower arterial norepingphrine levels, whereas
the placebo-treated patients did rot show any such improve-

ence between the groups tended to be more accertuated
during exercise, possibly reflecting an improved myocardial
reserve. Although the patients i our previous open study
had worse myocardial function compared with the patients
in this study, the magnitude of improvement was very
similar (6). In the present study there was an increase in
maximal exercise time in the metoprolol group, but tne
derived supine submaximal exercise load was very similar in
the two groups during the study investigations. In consider-
ation of the latter, and the marked improvement in exercise
hemodynamic variables fornd in this study, it might be that
submaximal performance is a better measure of treatment
effect. 1t is also likely that a submaximal performance would
better reflect everyday activities than the ordinary maximal
exercise test.

Myocardial and levels. After
intravenous beta-blocker administration, myocardial encrgy
demand is reduced (14). During long-term therapy, meto-
prolol tended Lo improve ven:ricular encrgetics, as reflected
by increase in stroke work index, ejection fraction and
arterial pressure. However, the improvement in cardiac
function is not accoinpanied by increased energy demand, as
expressed by unchanged myocardial oxygen consumption
and norepinepiring spillover. Peripheral norepinephrine val-
ues decreased by 42% in the metoprolol group at rest and
by 17% during exercise, which is in accordance with our
previous study {6). Two other studies have suggested a

Tols, .
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Table 4. C: Levels and M ic Data at Rest, at Baseline Investigation
and at G and 2 Months of Follow-Up
Baseline 6 mo p Vale® 12mo p Value*
No. of pts
Placebo n 1t u
Metoprolol 10 10 10
Coronary siaus flow (mVmin)
Placebo 164 £ 101 45+ 123 - 15 = 58 an
Metaprolol 143 = 89 131 =58 177 = 102
Myocardial oxygen consumption (mymin)
Placebs prE R B=x16 _ 1575 012
Metoprolol W=xi6 17286 48
Arterial lactalz (mmolfiter)
Placebo 055025 063x033 — 062+024 -
Metoprolol 055018 059=028 0.85 = 0.17
Net Iactate extraction (mmoY/min)
Placebo = 22725 _ 95264 00
Metoprolol -2 100 nzi8 4245
Arterial norepinephrine (molfliter)
Placebo 27633 10223 003 246215 0.16
Metoprolal 294217 112223 1.70 £ 0.65
Net norepinephrine eatraction (nmol/min)
Placebo -288 2455 73380 047 -84 -
Meloprolo! -W6268 -91=x112 -145 =28
Arterial epinephrine (nmolfiter)
Placebo 0.97 + 047 LMz 10 0.60 = 0.47 —-
Melopralol 084 =037 0522030 037016
Net epinephrine extraclion (nmol/min)
Placebo KLEXI] ks — 17+
Metopralo) 32:1 kIS 4:x25

*Changes from baseline in intergroup comparison by analysis of variance. pts = patients.

reduction in norepinephrine levels afier beta-blockade in
patients with dilated cardnomyopalhy, wl‘ereas there was no
effect in p with ischemic cardi y (3,15).

!n-blockcr therapy. From the rcsulls of prevmus stud-
ies we have suggested that the primary short-term effect of
beta-blockade in heart failure is a reduction in metabolic
demand (11,16). Heart rate, dial

is not accompanied by an increase in myocardial oxygen
consumption. Increased beta-receptor density and function
have been proposed as one reason for improved ventricular
function (11,12). In a recent report, however, it was sug-
gested that imp in cardiac function was not related
to increment in beta-adrenoreceptor activity (22). Modern

y oxygen pti
and coronary sinus flow d d, wh filling p
ventricular volume and ejection fraction were maintained
(14). The main achievement of beta-blockade may be to
induce this state of low oxygen demand, whereas systemic
circulation is maintained on an acceptable level, pending
recovery of myocardial function. The beneficial effect on

myocardml function is supporied by the findings of relieved

p G by i d lactate utilization. Along
with improved my dial fi hlgher 8 of hem-
blockade are tol d with i

This could explain why long-term s(udles could yield differ-
ent results than short-term studies (17,18), as well as why
patients with very poor ventricular function may be unable
to recover (19). Furthermore, it would explain why beta-
blockade therapy must be instituted at low doses and grad-
ually increased over several waeks. In contrast with inotrop-
ic agents (20,21), the inotropic recovery after beta-blockade

drenergic beta-blockers have been used successfully in
recent trials (3,13,22,23). Bucindolol and carvedilol are
beta-blockers with vasodilating properties. The vasodilatory
effect should be of benefit but makes interpretation of the
results more difficult with respect to whether the hemody-
namic effect is due to beta-blockade or vasodilation. From
the Metoprolol in Dilated Cardiomyopathy Trial (7) it was
suggested that only 4% of the patients showed intolerance to
metoprolol. However, in severely decompensated patients,
the intolerance may be as great as 50% (11). This study was
pesformed in patients with pure idiopathic dilated cardio-
myopathy. Most previous studies reporting beneficial effects

of beta-blockad have been p d in pati
with dilated cardiomyopathy. There are more controversies
with respect to beta-blockad in heart
failure of other etiologies. Some resuits suggest less positive
effects in ischemic cardiomyopathy (3,6,15), but recent
reports also suggest positive effects in i ic patients (24).
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Table 5. Catecholamine Levels and Myocardial Metabolic Data During Supine Submaximal
Exercise, at Baseline Investigation and 6 and 12 Months of Follow-Up

Baseline & mo p Value* 12 mo p Value®
No. of pts
Placebo it 10 9
Metoprolol 9 9 5
Coronary sinus flow {ml/min)
Placebo 304 = 234 29 = 110 -
Metoprolol 286 = 128 28 = 82
Myocardial oxygen consumption (ml/min)
Placebo 5 > 37 0=13 ¥+u
Metoprolol H3s GESEH - 271 -
Arterial lactate (mmolfliser)
Placebo 23813 277 % 0.38 - 244 £ 0.9
Metoprolol 2315 3= w112
Net lactate extraction (mmol/min}
Placebo 45 = 210 176 = 103 184 = 1iG
Metoprolol 9 =382 W9+ 121 n=ur
Arterial norepinephrine (nmolliter)
Placebo 105=84 §23=2353 _ BEES ] 0.04
Metoprofot INEXA 768+ 44 940+ 53 )
Net norepinephrine extraction (nmol/min)
Placebo R R e ] I KL N L E R L
Metoprotol 403 £ 1068 -884 £ 1,008 ~ 1186 * 581
Arterizl epinephrine (nmolliter)
Placebo 395 =91 148 = 13 0.0 138 = 056
Metoprolol 161 % 1.1 0.99 = 084 0.78 0.2
Net epincphrine extraction {nmol/min)
Placebo 56.6 £ 162 -120 260 _ 10.1 £ 31 -
Mztoprolol 109 95 47697 -324*10

*Changes from baseline in intergroup comparison by analysis of variance. pts = patients.

This study adds further support to lhe !heow that long-term
beta-blockade ic alternaiive
in patients with dilated cardlomyopathy.

Study Hmitations, In the present study the test drug was
withheld before investigations to assess the long-term effects

Figure 5. Effects on net myocardial lactate release at rest and during
supine bicycle submaximal exercise; p values and symbols as in
Figure 1.

300
200
i
g 100
E n.s. 0.03 n.a n.s.
0o V: :
Rest Exercise
o ] 12 o 6 12

Months of follow up

of beta-blockade treatment apart from ongoing drug effects.
To avoid a rebound phenomenon the drug was not withheld
>2 days (25,26). The present data support that this approach
did not cause any increase in sympathetic drive, as ex-
pressed by alterations in heart rate or catecholamine levels.
On the contrary, a lower beta-blockade level may influence
hemodynamic status, resulting in impairment of diastolic
function and filling pressures in particular, which in turn
might influence exercise tolerance (27,28). Assessment of
myocardial metabolism by the present methed has some
limitations. A more precise isotope tracer technique was not
available in our department at the time of the study (29).
Further, there were only myocardial metabolic data from
five patients during exercise in the metoprolol group at 12
month follow-up.

Concl There is
term treatment with beta-blockers is useful in
heart failure. especially that due to dilated cardiomyopathy.
The present study further supports the unique therapeutic
effects of beta-blockers, which are totally different from
other pharmacologic therapies in heart failure, Protection
from sympathetic overstimulation is in accordance with the

Is of ary heart failure therapy, w1th
loadi d inotropic |

Tated avid

that long-

internal instead of i




1404

=

=

»

“w

9‘

.\'

=

»

s

=

=

ANDERSSON ET AL.
BETA-BLOCKADE 1N DILATED CARDIOMYOPATHY

References

Wangstein F, Hjalmarson A, Vamauskas E, Wallentin I Effect of chronic
beta-adrenergic receptor blockade in congeslive cardiomyopathy.
Br Heart J 1975;37:1022-36,

Swedberg K, Waagstein F. Hjalmarson A, Wallentin 1. Prolongation of
survival in congestive cardiomyopathy by beta-receptor blockade. Lancet
1979;30:1374-6.

Nemanich JW, Veith RC, Abrass IB, Stratton JR. Effects of metoprolol
on rest and exercise cardiac function and plasma catecholamines in
chronic congeslive heant failure secondary 1o ischesnic or idiopathic
cardiomyopathy. Am J Cardiol 1990;66:843-8.

Gilbernt EM. Andersen JL, Deitchman D, et al. Long-term g-blocker
vasodilator therapy improves cardiac function in idiopathic dilated car-
diomyopathy: a double-blind, randomiud study of bucindalo! versus
placeba. Am J Med 1990;88:223

. Eichhom EJ, McGhic Al, Bedono B, et al. Effects of bucindolo) on

in ive heart failure. Am J Cardiol

1991,67:67-73.

AnderssonB Blomslmm Lundqvmc Hcdn:rT Waagstein F, Exercise
during longterm beta-
miren:rgnc blockadc in severe heart failure. J Am Coll Cardiol 1991;18:
Waagslcm F Bristow MR Swedbcrg K, et al. Beneficial effects of
Lancet 1993;342:

1441-6.

Ganz W, Tamura K, Marcus HS, Donooso R, Yoshida S, Swan HIC.
Measurement of coronary sinus blood flow by continuous thermodilution
in man, Circulation 1971;54:181-95.

l-hemdahl P, Daleskog M, Kahan T, Determination of plasma caiechola-
mines by high liquid with

dstection: comparison with a radioenzymatic melhod Life Sci 1979:25:
Milliken GA. Johnson DE. Analysis of Messy Data. Vol 1. Designed
Experiments. Belmont {CA): Lifetime Leamning Publications, 1984:384~
97.

. Waagstein F, Caidahi K, Wallentin 1, Bergh C-H, Hjalmarson A. Long-

term g-blockade in dilated cardiomyopathy. Effects of short- and long-
term metoprolol treatmenl followed by withdrawal and readministration
of metoprolol. Circulation 1989;80:551-63.

Heilbrunn SM, Shah P, Bristow MR, Valantine HA, Ginsburg R, Fowler
MB. Increased Breceptor densny and improved hcmodynamlc response
to catecholamine stimul fong-term | therapy in hearl
failure from dilated cardiomyopathy, Circulalion 1989:79:483-90.
Eichhorn EJ, Bedotio IB, Malloy CR, el al. Eﬂecl of Badrenergic
blockade on ial function and in heart
faiture. Circulation 1990;82:473-83.

. Andersson B, Lomsky M, Waagstcin F. The link between acute haemo-

B

JACC Vol. 23, No. 6
May 1994:1397-404

dynamic adrenergic beta-blockade and long-term effects in patients with
heart failure. Eur Heart J 1993;14:1375-85,

Waadley SL. Gilbert EM, e1 al. g-Blockade with bucindolol in heart
failure caused by ischemic versus idiopathic dilated cardiomyopathy.
Circulation 1991;84:2426-41,

. Swedberg K. Cardiomyopathy. Kungilv (Sweden): Gotab, 1978:118-26.
. Curric PJ, Kelly M},

ie A, et al. Oral bet ic blockade
with metoprolol in chronic severe dilated cardiomyopathy. J Am Coll
Cardiol 1984;3:203-9.

Tkram H. Fitzpatrick D. Double-bling trial of chronic ora) beta blockade
in congestive cardiomyopathy. Lancet 1981;1:490-3.

. Andersson B, Cardah! K, Waagstein F. Recovery fram lefi ventricular

asynergy in ischemic cardiomyopathy following long-term beta-blockade

treatment. Cardiology. In press.

Kupper W, Schint M, Blelfeld W. Effect of il intravenous prenalterol on
and actate in patients with left

ventricular failure. Acta Med Scand 1982;659 Suppl:287-98.

. Hasenfuss G, Holubarsch C, Heiss HW, et al, Myocardial energetics in

patients with dilated cardiomyopathy. Influence of nitroprusside and
caoximone. Circulation 1989;80:51-64.

Gilbert EM, Ofsen SL, Renlund DG, Bristow MR. Beta-adrenergic
receptor regulation and left ventricular function in idiopathic dilated
cardiomyopathy. Am J Cardiol 1993;71:C23-9.

. DasGupta P, Lahiri A, Can intravenous Bblockade predict jong-term

hemodynamic bexefil in chronic congestive heart failure secondary to
ischemic heart disease? J Cardiovasc Pharmacol 1992; Suppl 1:S62-7.
Bennett SK, Fisher ML, Krichten C, Palien RD, Greenberg NL, Gottlieh
§8. Hean failure with known coronary arlery discase: comparison of
changes in cjection fraction with beta-blocker and placebo (abstract).
3 Am Coll Cardiol 199321:114A.

Rangno RE, Langlois S. C ison of after
propranclol, metoprolol and pindolol. In: Delius W, Gerlach E,
Grobecker H, Kabler W, editors. Catecholamines and the Heast. Berlin,
Heidelberg, New York: Springer Verlag, 1981:313-24.

PonténJ, Biber B, Bjur T, Heariksson B-A, Hjalmarson A, Lundberg D.
BReceptor blockade and spinal anacsthesia. Withdrawal versus conlin-
uation of long-term therapy. Acta Anaesthesiol Scand Suppl 1982;76:
62-9.

Packer M. Abnormalitics of diastolic function as a potential cause of
exercise intolerance in chronic heart failure. Circulation 1990;81 Supp!
UENI-78-86,

Triposkiadis F, Trikas A, Pilsavos C, Papadopoulos P, Toviouzas T.
Relation of exercise capacily in dilated cardiomyopathy to left atrial size
and systolic function. Am I Cardiol 1992;70:825-7.

McCance AJ, Forfar JC. Cardiac and whole body [*Hinoradrenatine
kinetics in ischaemic heart disease: contrast between unsiable anginal
syrdromes and pacing induced ischacmiz. Br Heart ) 1989:61:238-47.






