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Little is known about the relation between left ventricular (LV)
functional reserve in response to exercise and cardiac sympa-
thetic nervous function in patients with nonobstructive hyper-
trophic cardiomyopathy (HCM). We investigated whether an
assessment of cardiac sympathetic nervous function by myo-
cardial 123I-metaiodobenzylguanidine (123I-MIBG) scintigraphy
might provide a sign of an abnormal LV functional reserve in
response to exercise-induced �-adrenergic stimulation in pa-
tients with HCM. Methods: Thirty HCM patients underwent
123I-MIBG scintigraphy and echocardiography at rest and sub-
sequent biventricular cardiac catheterization at rest and during
dynamic exercise. LV pressures were measured using a micro-
manometer-tipped catheter system. The early and delayed 123I-
MIBG images were quantified as a heart-to-mediastinum ratio
(H/M). The plasma levels of brain natriuretic peptide (BNP) and
norepinephrine (NE) were also measured. Results: Patients
were divided into 2 groups according to the delayed 123I-MIBG
H/M: group I consisted of 12 patients with a delayed H/M of
�1.8 and group II had 18 patients with a delayed H/M of �1.8.
Both the percentage increase from rest to exercise in LV iso-
volumic contraction (LV dP/dtmax) and the percentage shorten-
ing of LV pressure half-time (T1/2) as an index of isovolumic
relaxation were significantly less in group I than in group II (P �
0.05, respectively). A significant linear correlation was observed
between the percentage increase in LV dP/dtmax and 123I-MIBG
H/Ms (early H/M: r � 0.49, P � 0.01; delayed H/M: r � 0.54, P �
0.005, respectively). A significant linear correlation was also ob-
served between the percentage shortening in T1/2 and 123I-MIBG
H/Ms (early H/M: r � 0.58, P � 0.001; delayed H/M: r � 0.64, P �
0.0005, respectively). The plasma NE levels were significantly
higher in group I than in group II (P � 0.01), whereas the plasma
BNP levels were comparable in the 2 HCM groups. Conclusion:
�-Adrenergic enhancement of LV function during exercise may
depend on the extent of cardiac sympathetic nervous innervation
in HCM patients. Resting myocardial 123I-MIBG scintigraphy can

noninvasively evaluate LV functional reserve in response to exer-
cise in patients with nonobstructive HCM.
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Hypertrophic cardiomyopathy (HCM) has a variety of
clinical and morphologic features and is characterized by
left ventricular (LV) hypertrophy and hypercontractility
(1,2). This disease mainly shows impaired LV diastolic
function despite well-preserved LV systolic function. Al-
though patients with HCM have a relatively good prognosis
(3–6), sudden death during exercise is a potential problem
(7,8). Therefore, it is clinically relevant to determine hemo-
dynamic changes during exercise, when �-adrenergic sym-
pathetic tone is enhanced markedly, in patients with HCM.

The adrenergic nervous system plays a critical role in
regulating physiologic functions in various cardiac diseases
(9–12). Myocardial 123I-metaiodobenzylguanidine (123I-
MIBG) scintigraphy is a useful imaging modality that
shares similar myocardial uptake, storage, and release
mechanisms as norepinephrine (NE) in the cardiac sympa-
thetic nerve terminal. Recently, new parameters—such as
measurements of a 123I-MIBG heart-to-mediastinum ratio
(H/M) or washout rate—have enabled a more detailed as-
sessment of the function and integrity of cardiac adrenergic
innervation. Previous HCM studies have reported abnormal
findings of 123I-MIBG, as shown by a decreased H/M or
increased washout rate (13–15). In addition, 123I-MIBG
scintigraphy has been considered useful in assessing the
severity or prognosis of patients with HCM as well as
dilated cardiomyopathy (16,17).

Recent studies have demonstrated that HCM patients
show abnormal hemodynamic responses (e.g., force–fre-
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quency relation or relaxation–frequency relation) during
exercise, suggesting that these hemodynamic abnormalities
may be associated with an impaired LV contractile or dia-
stolic reserve (18,19). Our previous studies have demon-
strated that a progressive increase to peak heart rate (HR) in
LV end-diastolic pressure (LVEDP) represents an abnormal
response, whereas the biphasic changes in LVEDP during
exercise show a favorable response to �-adrenergic stimu-
lation in patients with HCM (19,20). Although the relation
between cardiac sympathetic nervous dysfunction as as-
sessed by 123I-MIBG and hemodynamic abnormalities at
rest has been reported in patients with HCM (13,14), the
relation between cardiac sympathetic nervous function and
contractile or diastolic functional reserve during exercise
remains to be investigated. Accordingly, we aimed to clarify
the relation between cardiac sympathetic nervous function
and LV performance in response to �-adrenergic stimula-
tion during dynamic exercise in patients with nonobstruc-
tive HCM.

MATERIALS AND METHODS

Patient Population
Thirty patients (29 men, 1 woman; mean age, 55 � 12 y; mean

LV ejection fraction [LVEF], 69% � 8.3%; mean � SD) with
nonobstructive HCM were enrolled in this study. HCM was diag-
nosed on the basis of clinical and electrocardiographic findings and
echocardiographic demonstration of a hypertrophied left ventricle
in the absence of other cardiac or systemic disease that itself might
produce LV hypertrophy, in accordance with recently proposed
diagnostic criteria (21). Patients were excluded if they had any of
the following: prior evidence of myocardial infarction or coronary
artery diseases with a significant stenosis of �50% in the major
coronary artery on coronary angiography; primary valvular dis-
eases; congestive heart failure; essential or secondary hyperten-
sion; atrial fibrillation; diabetes mellitus; neuromuscular diseases;
and orthopedic problems that made exercise tests intolerable. No
patients had received �-blockers, digoxin, reserpine, tricyclic an-
tidepressant, or other drugs that could interfere with norepineph-
rine kinetics. Asymmetric septal hypertrophy was considered to be
present if the end-diastolic thickness of the LV septum was at least
13 mm and its ratio to the thickness of the LV posterior was �1.3.
Twenty-nine patients had asymmetric septal hypertrophy and 1
patient had concentric hypertrophy without obstruction in the LV
outflow on 2-dimensional echocardiography. All patients under-
went myocardial 123I-MIBG scintigraphy at rest, echocardiography
at rest, and biventricular cardiac catheterization at rest and during
exercise.

In addition, another age-matched control group of 5 healthy
subjects (5 men; mean age, 57 � 8 y; mean LVEF, 67% � 5.3%;
mean � SD) also underwent echocardiography at rest and biven-
tricular cardiac catheterization at rest and during exercise to com-
pare the hemodynamic results with those of the HCM patients. All
control subjects who had been hospitalized for suspected angina
pectoris had low-risk profiles with normal cardiovascular exami-
nation results, including echocardiography, coronary angiography,
and left ventriculography. No control subject was on any drug
treatment for cardiac disease or had a cardiac disease that could
possibly affect hemodynamic studies.

The study protocol was approved by our Institutional Review
Committee. Written, informed consent was obtained from all pa-
tients.

123I-MIBG Imaging
123I-MIBG (148 MBq) was injected intravenously through an

antecubital vein at rest. The planar and SPECT views were ob-
tained approximately 15 min and 4 h after injection. A triple-head
�-camera (GCA-9300A; Toshiba Inc.) equipped with a low-en-
ergy, high-resolution collimator was rotated over a 360° arc with
an acquisition time of 20 s per image at 4° intervals for each view.
Energy discrimination was provided by a 20% window centered at
159 keV, and SPECT images were transferred to a computer using
a 64 � 64 matrix size. No attenuation or scatter correction was
applied. Tomographic slices (6-mm thick) were reconstructed us-
ing a ramp filter with a Butterworth filter (order, 8; cutoff fre-
quency, 0.22 cycle/pixel) relative to the anatomic axis of the left
ventricle. Then, vertical long-axis, horizontal long-axis, and short-
axis slices were generated.

Biventricular Cardiac Catheterization and
Echocardiography

Biventricular catheterization was performed in fasting patients.
A 20-gauge catheter was placed in the left brachial artery to
measure arterial pressure. A 6F sheath was placed in the right
brachial artery and an externally balanced and calibrated 6F pigtail
angiographic micromanometer-tipped catheter (model SPC-464D;
Millar Instruments) was positioned in the LV cavity through the
sheath to measure LV pressure. The signal from the micromanom-
eter was adjusted to match that of the catheter. A 7F, triple-lumen
Swan–Ganz thermodilution catheter (Baxter Healthcare) was po-
sitioned in the right pulmonary artery through the right subclavian
vein to measure pulmonary artery wedge pressure (PAWP) and
cardiac index (CI). After baseline data were obtained, patients
underwent a stepwise bicycle ergometer exercise test, conducted in
the supine position at an initial workload of 25 W for 3 min. The
workload was increased by 25 W every 3 min until symptoms of
stress appeared. Hemodynamic data were recorded during exer-
cise.

Echocardiography was performed with a Hewlett–Packard So-
nos 5500 ultrasound system equipped with a 2.5- to 3.5-MHz
transducer to calculate wall thickness, cardiac chamber size, and
LVEF at rest.

123I-MIBG Analysis
To evaluate regional uptake on 123I-MIBG SPECT images, the

LV myocardium was divided into 5 segments (anterior, septal,
inferior, lateral, and apical walls) on the midventricular level of
vertical long-axis and short-axis slices. Visual evaluation regard-
ing the presence or absence of defects in each segment was
interpreted by a consensus of 3 experts who were unaware of the
patient identity and clinical, echocardiographic, or catheterization
data. The global cardiac uptake was quantified in anterior planar
views. The region of interest (ROI) on planar imaging was man-
ually set over the whole LV (H [heart]) and a rectangular ROI on
the upper mediastinum (M) for calculating the H/M on both early
and delayed images as follows: H/M � (count density of the whole
LV)/(count density of the mediastinum). In our laboratory, the
normal H/M values of the early and delayed 123I-MIBG images
obtained from other age-matched control subjects (9 men, 1 wom-
an; mean age, 53 � 9 y; mean LVEF, 70% � 7.0%; mean � SD)
were 1.9–2.8 and 1.8–2.7, respectively.

910 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 46 • No. 6 • June 2005



LV Functional Analysis
In the hemodynamic study, LV pressure signals were digitized

at 3-ms intervals and analyzed with software developed in our
laboratory using a 32-bit microcomputer system (PC-9821-ST-20;
NEC Corp.). Hemodynamic data were analyzed by 2 independent
observers who were unaware of the clinical, echocardiographic,
and scintigraphic data. LVEDP, the maximum first derivative of
LV pressure (LV dP/dtmax) as an index of contractility, and LV
pressure half-time (T1/2) to evaluate LV isovolumic relaxation
were measured at baseline and peak exercise as previously de-
scribed (18). In right heart catheterization, PAWP and CI were also
measured.

In 2-dimensional echocardiography, data were analyzed by 2
independent observers who were unaware of the clinical, hemo-
dynamic, and scintigraphic data. LV end-diastolic dimension, LV
end-systolic dimension, left atrial dimension (LAD), interventric-
ular septal thickness (IVST), posterior wall thickness, and LVEF
were measured on the M-mode of the long-axis image according to
standard criteria (22).

Measurements of Neurohumoral Factors
The blood samples were collected from the left brachial artery

at rest. They were immediately placed on ice and centrifuged at
4°C. The plasma NE levels were measured using high-perfor-
mance liquid chromatography. The plasma brain natriuretic pep-
tide (BNP) levels were measured with a specific radioimmunoas-
say for human BNP using a commercially available kit (Shionogi
Co., Ltd.).

Statistical Analysis
Data are presented as mean � SD. An unpaired t test was done

to compare differences between control subjects and HCM pa-

tients. A 1-way fractional ANOVA was done to compare differ-
ences among the control group and the 2 HCM groups. Relations
between continuous data were assessed using linear regression
analysis. A cutoff value of a delayed H/M for detecting LV
functional abnormality was defined using receiver-operating-char-
acteristic analysis. Multiple linear regression analysis was done
using the percentage increase in LV dP/dtmax and the percentage
shortening in T1/2 as dependent parameters. Age, BNP, NE, 123I-
MIBG H/M, IVST, and difference in double product (rate–pres-
sure product) were used as independent parameters. The partial
regression coefficient (�) was calculated to evaluate significant
independent parameters. P values � 0.05 were considered statis-
tically significant.

RESULTS

Patient Demographics and Group Classification
In the echocardiographic study, the IVST and LAD were

significantly greater in HCM patients than in control sub-
jects (IVST, P � 0.001; LAD, P � 0.01) (Table 1).

In the hemodymanic study, the HR and mean arterial
pressure (MAP) were similar in control subjects and HCM
patients. The LVEDP and PAWP were significantly greater
in HCM patients than in control subjects (LVEDP, P �
0.001; PAWP, P � 0.005). The T1/2 was significantly more
prolonged in HCM patients than in control subjects (P �
0.01) (Table 1). Twelve patients showed a progressive in-
crease to peak HR in LVEDP during exercise (abnormal
response). In contrast, 18 patients showed the biphasic
changes in LVEDP during exercise (favorable response).

TABLE 1
Comparison of Baseline Parameters Between Control Subjects and HCM Patients

Characteristic
Control
(n � 5)

HCM
(n � 30)

Group I
(n � 12)

Group II
(n � 18)

Sex (M/F) 5/0 29/1 12/0 17/1
Age (y) 57 � 8 55 � 12 53 � 15 56 � 11
Echocardiographic parameter

IVST (mm) 10 � 0.6 17 � 3.8* 18 � 4.4*† 15 � 3.1*
PWT (mm) 10 � 0.8 11 � 1.6 11 � 0.8 10 � 0.9
LAD (mm) 29 � 4.4 37 � 3.4* 38 � 3.5*† 36 � 2.8*
LVEDD (mm) 49 � 3.7 48 � 5.1 50 � 5.8 47 � 4.1
LVESD (mm) 31 � 2.2 30 � 5.8 30 � 5.7 31 � 6.2
LVEF (%) 67 � 5.3 69 � 8.3 66 � 10.0 71 � 6.2

Hemodynamic parameter
HR (bpm) 69 � 16 72 � 17 71 � 19 74 � 16
MAP (mm Hg) 98 � 23 94 � 20 92 � 17 95 � 22
LVEDP (mm Hg) 7.0 � 4.0 15.1 � 8.4* 15.0 � 6.8* 15.1 � 9.3*
LV dP/dtmax (mm Hg/s) 2,133 � 1,292 1,724 � 408 1,657 � 532*† 1,790 � 378
T1/2 (ms) 34 � 4.0 40 � 7.8* 41 � 7.5* 40 � 7.9*
CI (L/min � m2) 2.6 � 0.5 3.0 � 0.4 2.8 � 0.5 3.0 � 0.6
PAWP (mm Hg) 6.0 � 2.0 13.4 � 4.8* 15 � 5.0* 12 � 4.5*

*P � 0.05 vs. control group.
†P � 0.05 vs. group II.
PWT � posterior wall thickness; LVEDD � LV end-diastolic dimension; LVESD � LV end-systolic dimension.
Data are expressed as mean � SD.
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In the HCM patients, the mean values of the early and
delayed 123I-MIBG H/Ms were 2.0 � 0.3 and 1.9 � 0.3,
respectively. Reduced tracer uptake was found in the infe-
rior wall, which was more marked in the delayed images
compared with the early images.

At the cutoff value of a delayed 123I-MIBG H/M of �1.8
using receiver-operating-characteristic analysis, the sensi-
tivity, specificity, and accuracy for detecting HCM patients
showing a progressive increase in LVEDP were 94%, 92%,
and 93%, respectively. According to the quantitative 123I-
MIBG findings, we then divided the HCM patients into 2
groups: group I, 12 patients with a delayed H/M of �1.8;
and group II, 18 patients with a delayed H/M of �1.8.

Comparison of Parameters at Rest
In the echocardiographic study, the IVST and LAD were

significantly greater in groups I and II than in the control
group (group I: IVST, P � 0.001; LAD, P � 0.01; group II:
IVST, P � 0.001; LAD, P � 0.05). The IVST and LAD
were significantly greater in group I than in group II (IVST,
P � 0.05; LAD, P � 0.05) (Table 1).

In the hemodynamic study, the HR and MAP did not differ
significantly among the control group and the 2 HCM groups.
The LVEDP and PAWP were significantly greater in groups I
and II than in the control group (group I: LVEDP, P � 0.001;
PAWP, P � 0.005; group II: LVEDP, P � 0.001; PAWP, P �
0.01). The LV dP/dtmax was significantly more reduced in
group I than in the control group and group II (P � 0.01 vs.
control group; P � 0.05 vs. group II). The T1/2 was signifi-
cantly more prolonged in groups I and II than in the control
group (group I: P � 0.01; group II: P � 0.01) (Table 1).

Patients in group I showed more severe and extensive
defects in the inferior wall compared with those in group II.

Comparison of Parameters During Exercise
The maximum workloads at peak exercise were similar

among the 3 groups. The maximum HR and the percentage
increase in HR from rest to exercise were similar among the 3
groups. The peak MAP and the absolute increase in MAP from
rest to exercise were similar among the 3 groups (Table 2). The
peak LVEDP during exercise was significantly greater in
groups I and II than in the control group (group I: P � 0.001;
group II: P � 0.001). The absolute increase in LVEDP from
rest to exercise was significantly greater in group I than in the
control group (P � 0.05). In group II, 17 of 18 patients
revealed the biphasic changes in LVEDP during exercise. In
contrast, only 1 of the group I patients showed these changes.
The peak LV dP/dtmax was significantly more reduced and the
percentage increase in LV dP/dtmax from rest to exercise was
significantly less in group I than in the control group and group
II (peak LV dP/dtmax: P � 0.01 vs. control group, P � 0.01 vs.
group II; % increase in LV dP/dtmax: P � 0.001 vs. control
group, P � 0.001 vs. group II). The peak T1/2 was significantly
more prolonged and the percentage shortening of T1/2 was
significantly less in group I than in the control group and group
II (peak T1/2: P � 0.05 vs. control group, P � 0.05 vs. group
II; % shortening of T1/2: P � 0.05 vs. control group, P � 0.05
vs. group II). The peak PAWP and the absolute increase in
PAWP (�PAWP) were significantly greater in groups I and II
than in the control group (group I: peak PAWP, P � 0.001;
�PAWP, P � 0.005; group II: peak PAWP, P � 0.001;
�PAWP, P � 0.005) (Table 2).

Correlations Between 123I-MIBG and Hemodynamic
Parameters

A significant positive correlation was observed between
the percentage increase in LV dP/dtmax and 123I-MIBG H/M

TABLE 2
Comparison of Parameters During Exercise and Changes in Parameters Among 3 Groups

Parameter
Control
(n � 5)

Group I
(n � 12)

Group II
(n � 18)

Maximum workload (W) 77 � 29 74 � 23 80 � 33
Peak HR (bpm) 119 � 16 125 � 21 129 � 16
% increase in HR (%) 75 � 35 70 � 39 73 � 42
Peak MAP (mm Hg) 126 � 23 120 � 20 131 � 23
�MAP (mm Hg) 28 � 10 26 � 17 26 � 13
Peak LVEDP (mm Hg) 15.4 � 4.0 28.0 � 7.7* 26.0 � 10.4*
�LVEDP (mm Hg) 8.0 � 4.1 12.1 � 4.8* 11.2 � 4.8
Peak LV dP/dtmax (mm Hg/s) 3,970 � 404 2,205 � 662*† 3,127 � 851
% increase in LV dP/dtmax (%) 89 � 31 32 � 15*† 80 � 37
Peak T1/2 (ms) 24 � 4.4 35 � 10.1*† 25 � 7.1
% shortening in T1/2 (%) 	37 � 6.9 	17 � 7.8*† 	40 � 14.5
Peak CI (L/min � m2) 6.4 � 1.2 6.3 � 0.8 6.4 � 0.6
% increase in CI (%) 146 � 42 125 � 49 113 � 41
Peak PAWP (mm Hg) 16.1 � 4.0 29.9 � 7.6* 26.5 � 6.6*
�PAWP (mm Hg) 10.0 � 2.9 15.2 � 5.2* 14.4 � 5.1*

*P � 0.05 vs. control group.
†P � 0.05 vs. group II.
% � percentage change in parameter from rest to exercise; � � absolute change in parameter from rest to exercise.
Data are expressed as mean � SD.
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on the early as well as delayed images (r � 0.49, P � 0.01;
r � 0.54, P � 0.005, respectively) (Figs. 1A and 1B). A
significant positive correlation was observed between the
percentage shortening in T1/2 and 123I-MIBG H/M on the
early as well as delayed images (r � 0.58, P � 0.001; r �
0.64, P � 0.0005, respectively) (Figs. 2A and 2B).

Multiple regression analysis revealed that the delayed
123I-MIBG H/M was a significant independent parameter for
the percentage increase in LV dP/dtmax or percentage short-
ening in T1/2 (� � 0.58, P � 0.02; � � 0.46, P � 0.03,
respectively).

Myocardial 123I-MIBG findings and hemodynamic data
of typical cases are presented in Figures 3 and 4. A patient
with a normal H/M on 123I-MIBG showed a good LV
functional reserve (Fig. 3), whereas another patient with
abnormal 123I-MIBG findings showed an impaired LV func-
tional reserve (Fig. 4).

Neurohumoral Factors
The plasma NE levels were significantly higher in group

I than in group II (342 � 77 pg/mL vs. 193 � 71 pg/mL,
P � 0.01). However, the plasma BNP levels were similar in
the 2 HCM groups (70 � 37 pg/mL vs. 59 � 44 pg/mL, P �
not significant).

DISCUSSION

In this study, LV functional reserve—as shown by the
enhancement of LV contractility and relaxation by �-adren-
ergic stimulation during exercise—was significantly re-
duced in HCM patients with impaired cardiac sympathetic
innervation compared with those in whom it remained in-
tact. LV functional reserve of contractility and relaxation in
response to exercise may be at least in part determined by
cardiac sympathetic nervous function. Furthermore, quanti-
tative 123I-MIBG scintigraphy rather than the plasma BNP
levels may be useful in detecting the impairment in LV
functional reserve of contractility and relaxation in patients
with HCM.

We investigated whether the abnormal �-adrenergic reg-
ulation (e.g., impaired force–frequency relation or impaired
relaxation–frequency relation) is related to cardiac sympa-
thetic nervous dysfunction. Previous studies have suggested
that �-adrenergic stimulations induced by either exercise or
dobutamine infusion enhance the force–frequency and re-
laxation–frequency relations in normal conscious dogs
(23,24). The mechanisms of adrenergic enhancement of the
force–frequency and relaxation–frequency relations are
thought to be related to increased Ca2
 availability to myo-

FIGURE 1. Significant correlation was
observed between percentage increase in
LV dP/dtmax and early 123I-MIBG H/M (A)
and between percentage increase in LV
dP/dtmax and delayed 123I-MIBG H/M (B).

FIGURE 2. Significant correlation was
observed between percentage shortening
in T1/2 and early 123I-MIBG H/M (A) and
between percentage shortening in T1/2 and
delayed 123I-MIBG H/M (B).
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filaments (25). Some patients with nonobstructive HCM
showed an impaired force–frequency relation during exer-
cise despite preserved force–frequency and relaxation–fre-
quency relations at rest, indicating that the �-adrenergic
enhancement during exercise is impaired in such patients
(18). We also found that patients with the biphasic changes
in LVEDP during exercise can use �-adrenergic stimulation
effectively, resulting in enhanced contractility and relax-
ation (19). Our current results further support previous
results and expand their clinical implications. The force–
frequency relation during exercise was less enhanced in
patients with reduced cardiac sympathetic nervous function
compared with those with normal sympathetic function as
shown by 123I-MIBG. In this study, 17 of 18 patients with
preserved cardiac sympathetic nervous function showed the
biphasic changes in LVEDP during exercise, and 1 patient
with reduced cardiac sympathetic nervous function showed
them as well. Furthermore, the relaxation–frequency rela-
tion during exercise was less enhanced in the HCM patients
with reduced sympathetic function than in those in whom it
remained intact. Taken together, a vigorous �-adrenergic
enhancement of LV function during exercise may depend
on the extent of cardiac sympathetic nervous innervation in
HCM patients.

In this study, the plasma NE levels were higher in patients
with impaired sympathetic function than in those in whom
it was intact, probably suggesting an inverse correlation of
NE levels with sympathetic function. On the other hand, the

plasma BNP levels were similar in the 2 HCM groups. The
plasma BNP levels have been extensively reported to be
useful in evaluating prognosis in patients with heart failure
(26,27). Although the plasma BNP levels also depend on the
extent of LV hypertrophy (28), our results strongly suggest
that the 123I-MIBG findings, rather than the plasma BNP
levels, may be useful in evaluating LV functional reserve
during exercise in patients with mild-to-moderate HCM.
Thus, the correlations among exercise-induced �-adrenergic
enhancement of LV function, myocardial 123I-MIBG accu-
mulation, and clinical outcomes in a larger-scale HCM
population warrant further investigations.

In this study, the delayed 123I-MIBG H/M correlated
better with changes in hemodynamic parameters than the
early H/M. There are 2 types of 123I-MIBG uptake—neuro-
nal uptake (uptake-1) and extraneuronal uptake (uptake-
2)—and early images result from both uptake-1 and up-
take-2, whereas delayed images involve less uptake-2 and
represent more accurately the condition of cardiac sympa-
thetic nervous activity itself. A previous study reported that
an increase in NE turnover at cardiac sympathetic nerve
endings leads to a decrease in the uptake in late images (29).
Hence, the increase in turnover—that is, an increase in
washout rate—is reflected in the severity of the impaired
sympathetic function (29). Moreover, Nakajo et al. (30)
demonstrated that the neuronal uptake of NE can be eval-
uated accurately if 131I-MIBG imaging is performed 4 h
after 131I-MIBG administration, because the neuronal accu-

FIGURE 3. 123I-MIBG scintigraphy and
changes in LV performance of 55-y-old
man in group II. (A) Early and delayed
SPECT images are almost normal except
for a slightly increased washout in inferior
wall (arrows). (B) Delayed planar image
shows almost normal myocardial uptake.
Early H/M and delayed H/M are 2.5 and
2.3, respectively. Percentage increase in
LV dP/dtmax (99%) (C) and percentage
shortening in T1/2 (	79%) (D) show normal
responses, suggesting compatible re-
sponses of contraction and relaxation to
exercise.

914 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 46 • No. 6 • June 2005



mulation of 131I-MIBG reached a peak value 4 h after the
tracer administration. Another study demonstrated that early
125I-MIBG uptake reflects only the integrity of presynaptic
nerve terminals and uptake-1 function, whereas the late
125I-MIBG uptake includes overall information regarding
neuronal functions from uptake to release through the stor-
age system at nerve terminals (31). The close correlations
we found between the LV functional parameters and 123I-
MIBG delayed H/M rather than 123I-MIBG early H/M may
further support the results of previous studies (9,29). The
delayed images may reflect the severity of heart diseases
more accurately than early images. Schäfers et al. (32) found
an impaired uptake-1 function and �-receptor downregulation
in HCM and demonstrated that �-receptor downregulation
correlated with disease progression. Although we did not in-
vestigate the uptake-1 function and �-adgenergic receptor
downregulation, our results may be related to their results.

It is well known that patients with HCM have a relatively
good prognosis (3–6). However, sudden death during exer-
cise is a potential problem in patients with HCM (7,8).
Previous studies have documented that the risk of sudden
cardiac death is significantly higher in patients with HCM
who show a positive exercise test (33) or an exercise-
induced abnormal blood pressure response (34). Thus, ab-
normal cardiac performance during exercise may contribute
to sudden cardiac death. In this regard, it is relevant to
assess the effects of cardiac sympathetic nervous activity on

hemodynamic responses to exercise in patients with HCM.
The comprehensive assessment for both �-adrenergic signal-
ing and LV functional reserve may provide important infor-
mation predicting sudden cardiac death of HCM patients.

In this study, the quantitative 123I-MIBG finding, rather
than the plasma BNP levels, may be useful in detecting
HCM patients with an impaired LV functional reserve.
However, HCM patients with relatively low plasma BNP
levels were enrolled. Thus, a closer correlation between
plasma BNP levels and LV functional reserve might have
been observed if we had investigated this issue in HCM
patients with higher plasma BNP levels.

Differences in LV dP/dtmax response may be related to
individual patient differences in plasma NE release during
exercise. However, no significant differences in changes of
the plasma NE levels in response to exercise were observed
between patients with a good LV dP/dtmax response and
those without it (18). Thus, we did not examine the changes
in the plasma NE levels during exercise in this study.

We classified the HCM patients only using a cutoff value
of the delayed 123I-MIBG H/M. Although the early H/M and
washout rate are also useful in evaluating heart disease
states, determination of which parameters are the most
useful in evaluating them is still controversial. We concur
with the results of Sisson et al. (31), who showed that the
delayed 125I-MIBG uptake includes overall information re-
garding neuronal function from uptake to release through

FIGURE 4. 123I-MIBG scintigraphy and
changes in LV performance of 50-y-old
man in group I. (A) Increased washout of
total left ventricle and defects are observed
in apical and inferior walls on delayed
SPECT images (arrows). (B) Delayed planar
image shows markedly reduced myocardial
uptake particularly in inferior wall (arrows).
Early H/M and delayed H/M are 1.9 and 1.5,
respectively. (C) Percentage increase in LV
dP/dtmax from rest to peak exercise (44%) is
decreased, suggesting a reduced contrac-
tile response to exercise. (D) Prolongation
of T1/2 is found at rest. Percentage shorten-
ing in T1/2 (	24%) is decreased, suggesting
impairment in shortening of relaxation.
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the storage system at nerve terminals. Therefore, we have
used the delayed H/M for patient classification. Because we
did not measure the washout rate in all patients, we did not
apply it.

CONCLUSION

Resting myocardial 123I-MIBG scintigraphy can noninva-
sively evaluate LV functional reserve in response to exer-
cise in patients with nonobstructive HCM. The assessment
of cardiac sympathetic nervous function, rather than the
plasma BNP levels, may be more useful in detecting pa-
tients with an impaired LV functional reserve in HCM.
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iodobenzylguanidine scintigraphy: a noninvasive method to demonstrate myo-
cardial adrenergic nervous system disintegrity in patients with idiopathic dilated
cardiomyopathy. J Am Coll Cardiol. 1988;12:1252–1258.

10. Nakajima K, Bunko H, Taki J, Shimizu M, Muramori A, Hisada K. Quantitative
analysis of 123I-meta-iodobenzylguanidine (MIBG) uptake in hypertrophic car-
diomyopathy. Am Heart J. 1990;119:1329–1337.

11. McGhie AI, Corbett JR, Akers MS, et al. Regional cardiac adrenergic function
using I-123 meta-iodobenzylguanidine tomographic imaging after acute myocar-
dial infarction. Am J Cardiol. 1991;67:236–242.

12. Shimizu M, Ino H, Yamaguchi M, et al. Heterogeneity of cardiac sympathetic
nerve activity and systolic dysfunction in patients with hypertrophic cardiomy-
opathy. J Nucl Med. 2002;43:15–20.

13. Zhao C, Shuke N, Yamamoto W, et al. Comparison of cardiac sympathetic
nervous function with left ventricular function and perfusion in cardiomyopathies
by 123I-MIBG SPECT and 99mTc-tetrofosmin electrocardiographically gated
SPECT. J Nucl Med. 2001;42:1017–1024.

14. Matsuo S, Nakamura Y, Tsutamoto T, Kinoshita M. Impairments of myocardial
sympathetic activity may reflect the progression of myocardial damage or dys-
function in hypertrophic cardiomyopathy. J Nucl Cardiol. 2002;9:407–412.

15. Sipola P, Vanninen E, Aronen HJ, et al. Cardiac adrenergic activity is associated
with left ventricular hypertrophy in genetically homogeneous subjects with
hypertrophic cardiomyopathy. J Nucl Med. 2003;44:487–493.

16. Shimizu M, Sugihara N, Kita Y, et al. Long term course and cardiac sympathetic
nerve activity in patients with hypertrophic cardiomyopathy. Br Heart J. 1992;
67:155–160.

17. Merlet P, Benvenuti C, Moyse D, et al. Prognostic value of MIBG imaging in
idiopathic dilated cardiomyopathy. J Nucl Med. 1999;40:917–923.

18. Izawa H, Yokota M, Takeichi Y, et al. Adrenergic control of the force-frequency
and relaxation-frequency relations in patients with hypertrophic cardiomyopathy.
Circulation. 1997;96:2959–2968.

19. Takeichi Y, Yokota M, Iwase M, et al. Biphasic changes in left ventricular
end-diastolic pressure during dynamic exercise in patients with nonobstructive
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2001;38:335–343.

20. Isobe S, Izawa H, Takeichi Y, et al. Relationship between exercise-induced
myocardial ischemia and reduced left ventricular distensibility in patients with
nonobstructive hypertrophic cardiomyopathy. J Nucl Med. 2003:1717–1724.

21. Richardson P, McKenna WJ, Bristow M, et al. Report of the 1995 World Health
Organization/International Society and Federation of Cardiology Task Force on
the Definition and Classification of Cardiomyopathies. Circulation. 1996;93:841–
842.

22. Schiller NB, Shah PM, Crawford M, et al. Recommendations for quantitation of
the left ventricle by two-dimensional echocardiography: American Society of
Echocardiography Committee on Standards, Subcommittee on Quantitation of
Two-Dimensional Echocardiograms. J Am Soc Echocardiogr. 1989;2:358–367.

23. Miura T, Miyazaki S, Guth BD, Kambayashi M, Ross J Jr. Influence of the
force-frequency relation on left ventricular function during exercise in conscious
dogs. Circulation. 1992;86:563–571.

24. Miura T, Miyazaki S, Guth BD, Indolfi C, Ross J Jr. Heart rate and force-
frequency effects on diastolic function of the left ventricle in exercising dogs.
Circulation. 1994;89:2361–2368.

25. Morgan JP. Abnormal intracellular modulation of calcium as a major cause of
cardiac contractile dysfunction. New Engl J Med. 1991;325:625–632.

26. Tsutamoto T, Wada A, Maeda K, et al. Attenuation of compensation of endog-
enous cardiac natriuretic peptide system in chronic heart failure: prognostic role
of plasma brain natriuretic peptide concentration in patients with chronic symp-
tomatic left ventricular dysfunction. Circulation. 1997;96:509–516.

27. Koglin J, Pehlivanli S, Schwaiblmair M, Vogeser M, Cremer P, von Scheidt W.
Role of brain natriuretic peptide in risk stratification of patients with congestive
heart failure. J Am Coll Cardiol. 2001;38:1934–1941.

28. Yamamoto K, Burnett JC Jr, Jougasaki M, et al. Superiority of brain natriuretic
peptide as a hormonal marker of ventricular systolic and diastolic dysfunction and
ventricular hypertrophy. Hypertension. 1996;28:988–994.

29. Toyama T, Aihara Y, Iwasaki T, et al. Cardiac sympathetic activity estimated by
123I-MIBG myocardial imaging in patients with dilated cardiomyopathy after
�-blocker or angiotensin-converting enzyme inhibitor therapy. J Nucl Med.
1999;40:217–223.

30. Nakajo M, Shimabukuro K, Yoshimura H, et al. Iodine-131 metaiodobenzylgua-
nidine intra- and extravesicular accumulation in the rat heart. J Nucl Med.
1986;27:84–89.

31. Sisson JC, Wieland DM, Sherman P, Mangner TJ, Tobes MC, Jacques C Jr.
Metaiodobenzylguanidine as an index of the adrenergic nervous system integrity
and function. J Nucl Med. 1987;28:1620–1624.
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