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CLINICAL PERSPECTIVE

Valvular heart disease is o life-threatening disease. Although the ove

Il incidence of rheumatic valvular heay ¢ has

been decreasimg continuously in developed countnes, it has in
tendineae cordis (CTC) is o well-known cause of miral regurg

: chordae
al

procedures have focused exclusively on treatment. Cardiac valves and the CTC are avascular tissues, and we have recently

sised with respect to patient a
I

Rupture of 1

s etiology remains unknown and sw

tation, altho

reported that cardiae valves express chondromodulin-1, which 1s an angromhibitory factor punified from cartilage that plays
a pivotal role i the muntenance of normal vidvular tunction by prevenung angiogenesis. In the present study., we show
that tenomodulin, which is a chondromodulin:l-related antiumgiogenic Factor isolated from tendons, is concentrically
expressed i normal CTC. Condinoned medium from cultured CTC intersnitial cells showed i strong angionnhibitory etfect
und the immunohistochemical analysis of human surgical sumples showed that enomodulin was locally absent in the
ruptured
and matnx m

owth factor-A

reds of the CTC, in which abnormal vessel tormation, strong expression of vascular endothelial

talloprateimases. and infiltction of mflammatory cells were observed. whereas these e ok

observed in the normal or nonruptured areas. The tenomodulin lavers of the tncuspd CTC of dogs were surgically filed.

the animals were euthunized atter several months, and immunohistological analyses were performed. Angrogenesis and th

expression of vascular endothelial growth factor-A and matnx metalloproteinases in the core layer were observed in a

time \lupcmlun[ manner, The present I1||.!!n:_\ support tenomodulin and unknown proteins of similar function as therapeuti

¥
renls for the prevention of CTC rupture, Understanding these mechamisms should form the basis Tor new therapeuic

mens for the treatment of valvolar heart disease
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ampulla cardiomyopathy, apical baliooning,

neuromediated myocardial stunning
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Dobutamine Stress Testing as a Diagnostic Tool
for Evaluation of Myocardial Contractile Reserve
in Asymptomatic or Mildly Symptomatic
Patients With Dilated Cardiomyopathy

Masakazu Kobayashi, MD,* Hideo Izawa, MD, PuD,* Xian Wu Cheng, MD, PuD,t
Hiroyuki Asano, MD,* Akihiro Hirashiki, MD, PuD,* Kazumasa Unno, MD,*

Satoru Ohshima, MD,* Takashi Yamada, MD,* Yosuke Murase, MD, PuD,*
Tomoko S. Kato, MD, PuD),* Koji Obata, Pub,F Akiko Noda, PuD.§

Takao Nishizawa, MD, PHD,* Satoshi Isobe, MD, PuD," Kohzo Nagara, MD, PuD,9
Tatsuaki Matsubara, MD, PHD,§ Toyoaki Murohara, MD, PuD,*

Mirsuhiro Yokota, MD, PuD, FACC|
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ORJECTIVES We performed dobutamine stress testing for evaluation of myocardial contractile
reserve in asymptomatic or mildly symptomatic patients with dilated cardiomyopathy (DCM).

BACKGROUND Catecholamine sensitivity is reduced in failing hearts as a result of myocardial
abnormalities in the beta-adrenergic receptor signaling pathway. However, little is known about
adrenergic myocardial contractile reserve in asymptomatic or mildly symptomatic patients with DCM,

METIIODS The maximal first derivative of left ventricular pressure (LV dP/dt,,,,.) was determined during
infusion of dobutamine (10 ug kg ' min ') in 46 asymptomatic or mildly symptomatic (New York Heart
Association functional class | or I} patients with DCM. The expression of messenger ribonucleic acid (mRNA)
for contractile regulatory proteins in endomyocardial biopsy specimens was quantified by reverse transcrip-
tion and real-time polymerase chain reaction analysis. Plasma norepinephrine levels were measured in all
patients and ['**lImetaiodobenzylguanidine (MIBG) scintigraphy performed.

RESULTS Patients were classified into 3 groups based on the percentage increase in LV dP/dt,,,
induced by dobutamine (ALV dP/dt,,..) and on LV ejection fraction (LVEF) at baseline: group | (n = 18): ALV
dP/dt,,,,, =100% and LVEF >25%; group lla (n = 17): ALV dP/dt,,,,, =100% and LVEF = 25%; and group Ilb
(n = 11): ALV dP/dt,,,, =100% and LVEF =25%. The amounts of beta,-adrenergic receptor, sarcoplasmic
reticulum Ca’ ' -adenasine triphosphatase, and phospholamban mRNA were significantly smaller in groups
lla and llb than in group I. The plasma norepinephrine level was increased and the delayed heart/
mediastinum count ratio in MIBG scintigraphy was decreased in both groups lla and lib.

CONCLUSIONS Dobutamine stress testing is a useful diagnostic tool for identifying reduced adrenergic
myocardial contractile reserve related to altered myocardial expression of beta, -adrenergic receptor, sarcoplasmic
reticulum Ca® " -adenosine triphosphatase, and phospholamban genes even in asymptomatic or mildly symptom-
atic patients with DCM. () Am Coll Cardiol Img 2008;1:718-26) © 2008 by the American College of Cardiology
Foundation
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= lated cardiomyopathy (DCM) is character-
ized by progressive left ventricular (LV)
Jdilation and greatly impaired LV systolic
teeee” function. In spite of progress in pharmaco-
therapy for end-stage heart failure, the overall
prognosis of individuals with DCM is still poor. Tt
is therefore important that DCM patients who are
refractory to standard medical treatment be placed
under strict management as carly as possible.

-t sy

See page 727

Catecholamine sensitivity is reduced in failing
hearts as a result of myocardial abnormalities in the
beta-adrenergic receptor (AR) signaling pathway,
most prominently down-regulation of the bera,-AR
(1,2). Dobutamine is a relatively selective beta,-AR
agonist with weak beta;- and alpha-AR agonistic
activity. Dobutamine stress testing (DST) is per-
formed widely, mostly in patients with coronary
artery disease, to assess myocardial viability, and its
safety has been well established (3,4). Previous
studies have determined myocardial contractile re-
serve in DCM patients by DST and found that the
response to dobutamine is associated with clinical
prognosis (5-7). Although the mechanisms respon-
sible for this association have remained unclear, it is
possible that adrenergic myocardial contractile re-
serve revealed by DST reflects molecular biological
changes in the myocardium,

We have now evaluated DST as a diagnostic tool
for identifying individuals with a reduced adrenergic
myocardial contractile reserve among patients with
DCM and a New York Hearr Association (NYHA)
functional class of | or I1. We have also examined the
relations of such adrenergic myocardial contractile
reserve to activity of the sympathetic nervous system
and to myocardial expression of genes for contractile
regulatory proteins related to beta-AR signaling or
intracellular Ca®* handling.

METHODS

Patlents. The study protocol was approved by the
Ethics Review Board of Nagoya University School
of Medicine (approval #359), and written informed
consent was obtained from all study participants.
We studied 46 DCM patients with a NYHA
functional class of 1 or IL. Dilated cardiomyopathy
was defined by a left ventricular ejection fraction
(LVEF) of <50% (as determined by contrast ven-
triculography) in the absence of coronary artery
stenosis of >50% (as determined by coronary an-

Kobayashi et al
Dobutamine Stress Test in DCM Patients

giography), valvular heart disease, arterial hyperten-
sion, and cardiac muscle disease secondary to any
known systemic condition (8). Endomyocardial bi-
opsy at the LV posterior wall was performed to
exclude myocarditis or specific heart muscle disease.
All patients were in normal sinus rhythm,

The patients were hospitalized for examinations
and underwent laboratory measurements including
neurohumoral factors, echocardiography, resting
myocardial ['**l]metaiodobenzylguanidine (MIBG)
scintigraphy, and cardiac catheterization. Fourteen
patients had been treated with bera-blockers, 11
with digitalis, 34 with diuretics, and 33 with
angiotensin-converting enzyme inhibitors or angio-
tensin Il receptor blockers (or both). All medica-

19

tions were discontinued ar least 4 days
before the study. Sixteen patients had been
hospitalized because of hearr failure with
dyspnea on exertion or peripheral edema,
but they had been in a stable condition for
at least 3 months and were classified as
NYHA functional class IT ar the time of
haospitalization for the study.

Myocardial ['*JMIBG scintigraphy. Myo-
cardial ["**IIMIBG scinrtigraphic imaging
was performed as previously described (9),
A dose of 148 MBq of ["**I]MIBG was
injected intravenously with the patient in a
supine position. Myocardial ['*'I]MIBG
uptake was quantified in anterior planar
views at 15 min (early image) and 4 h
(delayed image) after tracer injection.
The heart/mediastinum count ratio was
determined from the delayed anterior
planar [**1]MIBG image. The washout
rate was calculated with the following

formula: 100% x [(H — M), — (H -

ABBREVIATIONS
AND ACRONYMS

AR = adrenergic receptor

DCM = dilsted cardiomyopathy
DST = dobutamine sirews
testing

GRK2 = Goproten- (oupied
rrcepior kinaie J

LV = left ventricular

LV dPidt_, = maximal first
dermiative of left ventricular
presiure

LVEF = left ventricular ejection
fraction

MIBG -
metasiodobenrylguanidineg
MRMA = messenger ribonucielc
acied

NYHA = New York Heart
Association

SERCALs = sarcoplasmic
ruticulum Ca* ' -sdenciine
triphowphatase Ja

M) yetavea)(H = M), 4, where H is the
mean counts per pixel in the left ventri-
cle and M is the mean counts per pixel in the
upper mediastinum. In our laboratory, the normal
range for the delayed heart/mediastinum count
ratio is 1.8 to 2.7 and that for the washout rate is
16% to 27%.

Cardiac catheterization. All paticnts mtially under-
went routine diagnostic left and right heart cathe-
terization by the femoral approach. A 6-F fluid-
filled pigtail catheter with a high-fidelity
micromanometer (CA-61000-PLB Pressure-tip
Catheter, CD Leycom, Zoetermeer, the Nether-
lands) was placed in the LV cavity for measurement
of LV pressure. We evaluate the maximal first
derivative of LV pressure (LV dP/dt,,,,) as an index
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of contractility and the pressure half-time (T, ;) as
an index of isovolumic relaxation as previously
described (10). After collection of baseline hemo-
dvnamic data, dobutamine was infused intrave-
nously ar incremental doscs of 5 and 10 ug kg '
min ', and hemodvnamic measurements were
made ar the end of each 10-min infusion period.
After hemodynamic values had returned to baseline,
endomyocardial biopsy was performed. Several (at
least 3) endomyocardial biopsy specimens for mes-
senger ribonucleic acid (mRNA) analysis were fro-
zen immediately in liquid nitrogen and stored at
=80°C until the analysis.

Quantitative reverse transcription-polymerase chain
reaction analysis. Total RNA was isolated from 1 to
2.5 mg of frozen LV biopsy specimens and subjected
10 quantitative reverse transcription and polymerase
chain reaction analysis, as previously described
(10,11), with primers and Taqu probes (Nippon
EGT Co. Ltd., Tovama, Japan) specific for human
complementary DNA encoding beta;-AR, betay-AR,
sarcoplasmic reticulum Ca®" -adenosine triphos-
phatase 2a (SERCAZ2a), phospholamban, ryanodine
receptor-2, calsequestrin, and the Na*/Ca®' ex-
changer. The primer sequences (forward and reverse,
respectively) for G-protein—coupled receptor kinase 2
(GRK2) and for the alpha subunits of G, and G, (G,
alpha, G, alpha) were as follows: GRK2, 5'-
TGAGAGCGATAAGTTCACACGG-3' and 5'-
CGCTTTTTGTCCAGGCACT-3"; G, alpha, 5'-
GTACTCCCTGGACAAGATCGACG-3 and

1
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Figure 1. Relation Between Baseline LVEF and ALV dP/dt, .
We calculated the percentage change n | first d of left lar pres-
sure (LV dPrdt,,, |ALV dPidr, )} induced by f of dob ine (10

pug kg ' min ') Patients were classified into 3 groups group | (orange with black cir-
cles, n = 18], LV dP/dt,,.., ~100% (left ventricular ejection fraction [LVEF] ~25%); group Ha
lorange circles, n = 17}, ALV dP/dt,,, = 100% and LVEF —~25%: and group ib (brown tri-
angles. n = 11}, ALV dP/dr,,,, = 100% and LVEF =25%
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5'-GCAGTCACATCGTTGAAGCACT-3"; and
G;alpha, 5'-GGAATACCAGCTCAACGA-
CTCA-3" and 5'-CTGACCACCCACATC-
AAACATCT-3". The amount of cach mRNA was
thus determined with a fluorogenic 5'-nuclease poly-
merase chain reaction assay and an ABI PRISM 7700
sequence detector (Applied Biosystems, Foster City,
California). All determinations were performed in
triplicate. The abundance of each mRNA was
normalized by the corresponding amount of
glyceraldehyde-3-phosphate dehyvdrogenase mRNA.

Statistical analysis. Data are presented as means =
standard deviation. For comparisons among groups,
1-way analysis of variance was used tor continuous
variables when appropriate and contingency table
analysis was used for categorical vaniables. Given
that the plasma concentration of brain natriuretic
peptide was not normally distributed, we assessed
differences in such values with the nonparamertric
Kruskal-Wallis test. When a significant difference
was detected, intergroup comparisons were per-
farmed with Bonferroni's multiple comparison test.
A p value of <0.05 was considered stanstically
significant.

RESULTS

Patient classification. Patients were divided into
groups on the basis of the adrencrgic myocardial
contractile response revealed by DST, specifically
the percentage change in LV dP/dr, ., during
dobutamine infusion at a dose of 10 pg kg ' min '
relative to the baseline value. Those who showed an
increase of =100% were assigned to group 1 (n =
18), and those who showed an increase of =100%
were assigned to group 11 (n = 28). In addition, the
patients in group [1 were further assigned to 2
subgroups according to the LVEF at baseline: those
with an LVEF of >25% (group Ila, n = 17) and
those with an LVEF of =25% (group 1Ib, n = 11).
All of the patients in group | had an LVEF of
>25% ar baseline (Fig. 1).

Baseline data. Bascline clinical characteristics of the
patients are shown in Table 1. The LVEF was
significantly decreased in group 11b compared with
that in group larin group T4, which is consistent
with the criterion for subgroup classification. The
plasma concentration of brain narriureric pepude
was significantly higher in group I1b than in either
of the other 2 groups. Although there were no
significant differences in the plasma concentration
of this peptide or in resting cardiac funcrion as
evaluared by echocardiography or cardiac catherer-
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ization between groups [ and Ila, the plasma
norepinephrine level was significantly higher (Fig.
2) and the delayed heart/mediastinum count ratio
was significantly lower (Fig. 3) in group Ila than in
group L

Hemodynamic response to intravenous dobutamine.
No complications occurred in any of the study
subjects during the dobutamine stress protocol. The
effects of intravenous dobutamine infusion on he-
modynamics are shown in Table 2. The heart rate at
baseline was significantly higher in group IIb than
in group l, although that at a dobutamine infusion
rate of 10 pg kg ' min ™" was similar among the 3
groups. There were no significant differences in LV
dP/de,,,,, or T,,; among the 3 groups at baseline.
However, LV dP/dt,,, was significantly higher in
group 1 than in group Ila or in group 1Ib ar
dobutamine infusion rates of 5 or 10 pg kg™’
min ', and T,,, was significantly greater in group
1Ib than in group I at a dobutamine infusion rate of
10 pg kg;'1 min .

Myocardial ["**1]MIBG scintigraphy and the

changes in LV dP/dt,,,, during dobutamine infu-
sion of 2 typical cases are presented in Figures 4
and 5.
Expression of contractile regulatory protein genes.
The amount of beta;-AR mRNA was significantly
reduced in group Ila and in group IIb compared
with that in group I (Table 3). There were no
significant differences in the expression of beta,-
AR, GRK2, G, alpha, and G, alpha genes among
the 3 groups. With regard to intracellular Ca?*-
handling proteins, the abundance of SERCA2a
and phospholamban mRNAs was significantly
reduced in group Ila and in group [Ib compared
with that in group L. The abundance of ryanodine
recepror-2, calsequestrin, and Na® /Ca*! exchanger
mRNAs did not differ significantly among the 3
gTQupS.

DISCUSSION

The main findings of the present study include the
following: 1) All patients with severe LV systolic
dvsfunction (LVEF =25%) showed a reduced ad-
renergic myocardial contractile reserve. 2) In some
patients with mild to moderate LV systolic dysfunc-
tion (25 < LVEF <50%), adrenergic myocardial
contractile reserve was preserved, whereas in others
it was reduced. 3) The abundance of mRNA not
only for the beta;-AR but also for SERCA2a and
phospholamban was reduced in patients with re-
duced adrenergic myocardial contractile reserve,

Kabayashi er al m
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Table 1. Characteristics of the 3 Patient Groups at Baseline

Group | Group lia Group b
Characteristic in = 18} in=17) n=11)
Age (yn) 51=9 52:13 50 =15
Gender, malefemale 12/6 13/4 9:2
NYHA functional class 1M 10/8 8% e
Medication, n (%)
Digitalis 3 (17%) 1018%) 5 {45%)
Diuretics 10 (56%) 13 (76%) 11 {100%)*
ACE inhibitors or ARBs 13(72%I| 14 (82%) 6 (55%)
Beta-blockers 4{22%) 5{79%) 5145%)
Spironolactone 6(33%) 6{35%) 7 i64%)]
LV end-diastolic dimension (mm) S9=-4 60 +9 72-13%
LV end-systolic dimension (mm] 47=5 S0 =10 65 = 131
IVS thickness (mm) g=1 9=2 8-1
LVPW thickness (mm| 9=z 932 9=-2
LVEF (%) 4 =7 39+ 6 21 =2t
LV end-diastolic pressure (mm Hg) 17=5 1527 18=9
PAWP (mm Hg) N4 1M:a 17 = Bt
Cardiac index (| min ' m ) 31205 Jo=07 27 =05
Plasma BNP (pg/mi) 5976 140 = 147 421 = 442"
Plasma norepinephrine {pg/mi) 403 = 143 693 = 293 655 = 267
Delayed H/M ratio 19=02 16 =03 1.5=03"
Washout rate (%) 472126 156 - 166 428 = 154°

Data are maans = 50, “p < 005 versus group | tp © 0.0% veriu group il
AZE = angiotermin-ComeTing enzyme: ARE  angeoterin i receptor blocker, BNP brasn natnuret:
peptide. WM = heart/mediastinum, VS intefveninoular wotum LY feft ventncular LVEF lefy
wentnculae mection fracton, LVPW = el ventrculsr postenor wall: NYHA = New York Heart Asociabon
PAWP = pulmonary arterial wedge pressure

even in those in whom LV systolic dystunction was
only mild to moderate, like that in the companison
group.

Evaluation of myocardial contractile reserve. Derer-
minants of myocardial contractile reserve include

P <005
r
1500~ P <005
= . v
E .
2 1000
w v .
z - . .
] “ -
a kA v .
- L
-
0 e — -

Group! Grouplla Group llb

I Figure 2. Comparison of Plasma NE Levels Among the 3 Patient Groups

Plasma norepinephane [NE) levels measured at baseline were significantly higher in
group lla and in group i compared with that in group | Data for individual swbjects
| and the corresponding mean = 50 values are shown
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Figure 3, Comparisan of the Delayed H/M Ratio In ['**MIBG Scntigraphy Among |
the 3 Patient Groups [
We d the h o Im (H/M] count ratio from the delayed planer
['*"]metaiodobenzylguanidine (MIBG) image. The delfayed H/M ratio was significantly
lower in group lla and in group lib compared with that in group |. Data for individual
subjects and the corresponding mean * SO values are shown,

the Frank-Starling mechanism, the force-frequency
effect, and adrenergic stimulation (12,13). The
myocardial contractile response to adrenergic stim-
ulation is impaired in DCM. Several studies based
on dobutamine stress echocardiography have dem-
onstrated a relation between prognosis and adren-
ergic myocardial contractile reserve, as determined
by measurement of indices of LV systolic function

Table 2. Hemodynamic Response of the 3 Patlent Groups to Intravenous
Dobutamine infusion

Parameter Group | Group lla Group lib
I Heart rate (beats/min|
Baseline 69=7 76212 86 = 13°
Dobutamine (5 ug kg™ ' min ') 75=10 8l1=16 20=13
Dobutamine (10 ug kg™ ' min '} 98 = 14 98 = 20 9 =16
LVSP fmm Hg)
Basehne 122=15 Mmi=16 MNe=126
Dobutaming (5 ug kg ' min ') 1372 1m=r 1ns=23
Dobutamine (10 ug kg ' min ™"} 133=16 123=16 124 = 27
Lv dPidt,,,,, (mm Hg/s)
Basaline 1131 =178 1053 = 190 1048 = 224
Dobutamine (5 ug kg ' min~") 1746 = 298 1340 = 248* 1193 = 247*
Dobutamine (10 pg kg ™' min~") 2741 = 417 1692 = 300* 1544 = 347°
Tusg (M)
Baseline 41 =6 431-8 44 -5
Dobutamine (5 ug kg™ ' min~') 5-8 37210 415
Dobutamine (10 ug kg ' min~ ') 25=5 /=N M=

Data are means = 50 *p « 005 verius group |
WV dRidt.,, = manmal frst denvative of lefh ventricular pressure: LVSP  left ventnculae systobe
presyure: Te 3 = pressure half-time.
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such as LVEF or cardiac output (5,6). However,
these indices are relatively load-dependent. Few
studies have evaluated the adrenergic contracrile
response to dobutamine infusion by measurement
of the increase in LV dP/dt, . in patients with
nonischemic LV systolic dysfunction (7,14). These
studies applied dobutamine stress with atrial pacing
or intracoronary dobutamine infusion to avoid the
effects of a change in heart rate. In the present
study, we evaluared adrenergic myocardial contrac-
tile reserve on the basis of the percentage change in
LV dP/dr,,,, at an intravenous dobutamine infusion
rate of 10 ug lr.g" min ', with a cutoff of 100%
based on the median value for patients with mild to
moderate LV systolic dysfunction (25 < LVEF
<50%). Differences in the increase in heart rate
among the 3 groups may have influenced the
change in LV dP/dt__; patient classification in our
study was therefore based on the frequency-
dependent inotropic response to dobutamine infu-
sion, which is clinically more useful as a measure of
adrenergic myocardial functional reserve,
End-systolic wall stress as assessed by cchocardi-
ography has been shown to be a quantitative index
of true myocardial afterload and an important
determinant of systolic function independent of
loading conditions (15). Twenty-three of the 46
patients in the present study (6, 10, and 7 patients
in groups 1, Ila, and Ilb, respectively) underwent
echocardiography during DST. The percentage in-
crease in end-systolic wall stress determined by
echocardiography during dobutamine infusion
tended to be higher in group I than in group Ila or
in group IIb (data not shown).
Relation of altered expression of contractile regulatory
protein genes to adrenergic myocardial contractile
reserve, The failing human heart is characterized
by a reduced sensitivity to bera-AR agonists,
which may contribute to the loss of cardiac
contractility (1,2,14). The decrease in cardiac
responsiveness to bera;-AR stimulation appears
to be due in part to a reduction in the number of
bera,-ARs (14), which in turn is thought to result
from a reduction in the amount of the corre-
sponding mRNA (16,17). Our results now sug-
gest that evaluation of adrenergic myocardial
contractile reserve by DST might be a means of
identifying down-regulation of the beta,-AR in
patients with DCM. On the other hand, we did
not detect changes in the abundance of GRK2 or
Giyalpha mRNAs in patients with a reduced
adrenergic myocardial contractile reserve, al-
though the expression of GRK2 and G ;alpha
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genes was previously found to be increased in the
heart of partients with end-stage heant failure
(17.18). This apparent discrepancy might be
explained by differences in the patient popula-
tions of the studies, with our :il‘lld_\' in.‘lmiing a
less severely afflicted ambulatory population of
patients with a NYHA functional class of 1 or I1.
The amounts of SERCA2a and phospholam-
ban mRNAs were found to be decreased in
endomyocardial biopsy specimens from patients
undergoing heart transplantation (19-21). We
previously showed that a reduction in the myo-
cardial abundance of SERCA2a mRNA was
apparent in patients with impaired myocardial
contractile reserve, as revealed by determination
of the force-frequency relation, before the onset
of detectable LV systolic dysfunction (10). As far
as we arc aware, however, the relation between
adrenergic myocardial contractile reserve and the
abundance of mRNAs for Ca:'-h:mdlmg pro-
teins has not previously been examined. We have
now shown thar a reduction in adrenergic myo-
cardial contractile reserve appears to be associated
with down-regulation not only of bera,-AR
mRNA bur also of SERCA2a and phospholam-
ban mRNAs, even in asymptomatic or mildly
symptomatic patients with DCM. On the other
hand, we did not detect changes in the abundance
of ryanodine recepror-2, calsequestrin, or Na™/
Ca®™ exchanger mRNA in patients with a re-
duced adrencrgic myocardial contractile reserve,
which may be considered consistent with previ-
ous findings (21-23).
Plasma norepinephrine level and quantitative
["**1]MIBG scintigraphy parameters. In heart failure,
increased cardiac spillover of norepinephrine and
depletion of myocardial catecholamine result in
an increased plasma concentration of norepi-
nephrine (24) and decreased cardiac uprake of
["*I]MIBG, an analog of norepinephnne (25).
In addirion, both the plasma norepinephrine level
(26) and ['"*'1]MIBG imaging (27) have been
found to provide prognostic information in pa-
tients with heart failure. We previously showed
that decreased ['**[IMIBG uptake in DCM pa-
tients was associated with a reduced myocardial
contractile reserve as evaluated by atrial pacing
(9). In the present study, all patients with a
greatly increased plasma level of norepinephrine
and a greatly reduced ['*'IJMIBG uptake had a
reduced adrenergic myocardial contracrile re-
serve. However, there was marked overlap in
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Figure 3. A Representative Case of Group |

This patient was a 41 year-old woman in New York Hearm Association func
tional class |, and she had an LVEF of 41% and a plasma norepinephnne
level of 328 pg/mil. (A) Mildly reduced myocardial uptake wat cbserved, and
the delayed H'M ratio was 2.2 [B) The relationship between dobutamine
infusion rate and LV dP/dt. ., of this patient i shown. The LV dP/dt.,, at
baseline and at a dobutamine infusion rate of 10 pg kg™ " min ' were 986
and 2,415 mm Hg/fs, respectively (ALV dP/dr_,, = 145%) Abbreviations o
in Figures 1 and 3

moderately increased levels of plasma norepi-
nephrine or moderately reduced levels of
[**1]MIBG uptake among patient groups with
reduced or preserved adrenergic myocardial con-
tractile reserve. These findings suggesr thar these
resting parameters alone do nor fully reflect
adrenergic myocardial contractile reserve.
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Figure 5.

2500

2000 -

1500

1000

500 T T T
] 5 10
Dobutamine Infusion Rate (ug kg' min-')

A Representative Case of Group lla

This patient was a 58-year-old woman in New York Heart Association func
tonal class il, and she had an LVEF of 43% and a plasma norepinephnine

level of 1

200 pg/mi. (A} Increased lung uptake and severely reduced myo-

cardial uptake are observed. and the delayed H/M ratio was 1.3, (B) The
relationship berween dobutamine infusion rate and LV dPidr,,,, of this
patient is shown. The LV dP/dt,,,, at baseline and at a dobutamine infusion

rate of 10 ug kg '

dP/idt,,,

min ' were 1,089 and 1,791 mm Hg/s, respectively (ALY
= 64%) Abbreviations as in Figures 1 and 3

Clinical implications. We have cvaluated adrenergic
myocardial contractile reserve as revealed by DST
in DCM patients with a NYHA functional class
of T or II. Even among such asymptomatic or
mildly symptomatic patients, those individuals
with a reduced adrenergic myocardial contractile
reserve also manifested activation of the sympa-
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theric nervous system as well as altered myocar-
dial expression of the genes for the bera,-AR,
SERCA2a, and phospholamban. Our results sug-
gest that DST is able to identify functional and
molecular remodeling associated with overac
tion of the sympathetic nervous system in asymp-
romanc or mildly symptomanc patients with
DCM, even when resting parameters still show
normal values.

Pharmacological agents that reduce adrenergic
hyperactivity, such as bera-blockers or angiotensin-
converting enzyme inhibitors, may improve ad-
renergic myocardial contractile reserve, given that
they have been shown to induce up-regulation of
myocardial beta-ARs or recovery of the cardiac
adrenergic nervous system (28-30). Detrimental
changes in cardiac gene expression in paticnts
with DCM have also been shown to be reversed
by treatment with beta-blockers (31,32). Al-
though further studies will be necessary to clarify
whether abnormalities of intracellular signal
transduction related to myocardial contractility
influence the prognosis of asympromatic or
mildly sympromatic patients with DCM, DST
may provide valuable informartion for manage-
ment of these paticnts,

Study limitations. Concomitant medical treatment
may have had an impact on the myocardial
abundance of mRNA, although the percentage of
patients who had been treated with beta-blockers
did not differ significantly among the 3 parnenrt
groups. However, given that long-term withhold-
ing of medical treatment may be harmful to such
individuals, drug treatment was discontinued for
only 4 days before the study. We were not able to
examine healthy subjects for ethical reasons. In
addition, it is difficult to analyze protein abun-
dance and funcrion in the small amounts of tissue
obtained by percutancous endomyocardial biopsy.
We therefore assessed contractile regulatory pro-
tein expression only by reverse transcription—
polymerase chain reaction analysis and exclusively
in asymptomatic or mildly symptomatic patients
with DCM, Further evaluation of patients with a
wider range of heart failure severity may provide
insight into the chronology of changes in the
expression of contractile regulatory proteins. It
remains to be determined whether adrenergic
myocardial contractile reserve as assessed by non-

a-

invasive diagnostic tools such as dobutamine
stress echocardiography 1s also associated with
molecular remodeling of contractile regulatory
proteins. Finally, prognostic and therapeutic rel-
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evance of DST in DCM remains unclear and
descrves further investigation.

CONCLUSIONS

The present study suggests that DST is a useful
diagnostic tool for identifying reduced adrenergic
myocardial contractile reserve related to altered
myocardial expression of the beta;-AR, SERCA2a,
and phospholamban genes even in asymptomatic or
mildly symptomatic patients with DCM.
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Table 3. Rel Abund. of € ile Regul Protein mRNAS in
Endomy dial Biopsy Speci Rel o the C of
Glyceraldehyde-3-Phosphate Dehydrog mRNA
mMRANA Group | Group Ila Group lib

Beta,-AR 1.3% = 0.68 071 =019 Do;a"a
Beta, AR 1.29 =092 085 =018 091 = 040
GRKZ 154 = 063 153 = 0.26 158 = 058
G, alpha 118 =040 054 =017 1.04 =034
G,y alpha 078 =035 077 =015 085 =025
SERCA2a 060 =029 036 = 0.08* 037 = 012*
Phospholamban 082 =028 056 =0.12° 0.36 = 0.18°
Ryanodine receptor-2 0.74 = 042 056 =017 069 =023

I Calsequestnin 134 =058 116 = 025 130 = 044
Na'/Ca®" exchanger 169 =076 104 = 014 146 = 084

[ Data are mem_t 50 *p <= 005 wi. group | o

AR = adrenergic recepton GRRZ = G proten<ouphed recepton inme 3. mANA = messenger fibonuciei

acid. SERCAZS

myokota@dpe. atchi-gakuin.acjp.
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Are We Beginning to Understand [t?*

Gary S. Francis, MD, FACC, Milind Y. Desai, MD

Cleveland, Obio

The concept of contractile reserve is an old idea
garnered from observations made by many investi-
gators over the vears, Various techniques have been
used to study left ventricular (LV) performance in
cither the rrue failing heart or the heart with
impaired systolic function, including post-systolic
accentuation, epinephrine ventriculography, and
various hemodynamic and echocardiographic re-
sponses to direct inotropic stimulation with dobut-
amine (1-3). The idea behind the test is to provide
an objective means of determining the point at
which the patient’s heart has irreversibly failed. The
identification of irredeemable heart damage could
(for example) allow the physician to refer the patient
for heart surgery or heart transplantation.

See page 718

In this issue of {JACC, Kobayashi et al. (4) have
further investigated the basis of diminishment in
contractile reserve in 46 asymptomatic or mildly
symptomatic patients with dilated cardiomyopathy.
Patients were classified depending on their response
of dP/dt max to dobutamine, as well as on the basis
of their baseline ejection fraction. Plasma norepi-
nephrine and myocardial ['#'I] metaiodobenzylgua-
nidine scans were obrained, and an LV biopsy was
done to characterize a number of molecular markers
associated with the inotropic state. Patients less
responsive to dobutamine demonstrated more ab-
normalities of sympathetic activity (higher plasma
norepinephrine levels or less myocardial catechol-
amine tissue density) despite a similarly reduced

*Editorials published in JACC: Cardiovaicular Imaging reflect the views of
the authors and do not necessanly represent the views of JACC Candfis-
vasrular fmaging or the Amencan College of Cardislogy.
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gjection fraction, These patients also had evidence
for reduced molecular markers of LV contractile
state, indirectly assessed by measuring messenger
ribonucleic acid from LV biopsies. This raises the
possibility of using noninvasive imaging to character-
1ze and possibly type subsets of intracellular abnormal-
ities that underlie contractile dysfunction in the future.

However, the longstanding and vexing question
of what is driving the central theme of heart failure
remains. Are the abnormal molecular markers a
consequence of the impaired myocardial funcrion,
or are the molecular changes actually causing the
decreased LV function® As the authors point out,
markers such as myocardial tissue norepinephrine
has long been known to be deplered in human
failing hearts (5), and this is usually accompanied by
increased plasma levels of norepinephrine (6). Like-
WiSE, NUMErous previous studies have demonstrated
reduced beta-adrenergic receptors along with al-
tered sarcoplasmic reticulum Ca* " -adenosine
triphosphatase 2a (SERCA2a) and phospholamban
in failing hearts (7). The fact that these changes
were observed in relatively carly stages of heart
failure, and were more marked in those patients
with reduced myocardial contractile reserve, would
suggest that changes observed at the molecular level
may actually be the cause of at least some of the
impairment in LV function. Likewise, blocking the
sympathetic nervous system ar the beta-receptor’
level or replacing SERCA2a with gene therapy can
reverse the reduced contractile state, thus fulfilling
at least one of Koch's postulates.

Assuming that a more noninvasive approach to
defining “contractile reserve” or some surrogate
thereof in patients with heart failure is preferable, is
there a need and a real benefir from such measure-
ments? 1f so, what is the current status of such
noninvasive approaches? Most cardiologists would
like to know if there 1s such a point from which a
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rerurn to more normalcy is either likely or not likely.
Of course, this will always be a probability estimate,
since no such test is likely to be precise in an
individual patient. Moreover, for patients being
considered for heart surgery, predicting which LV
will recover depends ro some extent on the quality
of the operation in addition to the basal inotropic
state of the LV before surgery. Nevertheless, such a
need for defining “recoverability” seems self-
evident. Two classic examples are patients with
severe cardiomyopathy and severe regurgitant val-
vular disease, or patients with low gradient aortic
stenosis and very poor LV function. This area needs
much Further study, and the study of Kobayashi et
al. {4) is only a start in this direction.

In summary, estimating contractile reserve in
patients with impaired LV function is worthwhile,
particularly when making decisions abour valve
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