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Summary

Background: In patients with essential hypertension (HT),
proportional (symmetric) left ventricular hypertrophy (LVH)
is common. In contrast, hypertrophic cardiomyopathy (HCM)
is characterized by disproportional LVH and, in particular,
asymmetric septal hypertrophy (ASH); however, some hyper-
tensive patients also develop ASH. It has not been determined
whether such cases represent a distinct type of hypertensive
LVH or HCM combined with hypertension.

Hypothesis: The study was undertaken to evaluate sympa-
thetic activity in the interventricular septum in patients with
HT and ASH or in patients with HCM.

Methods: The patients were evaluated by I-123 meta-
iodobenzylguanidine (MIBG) and thallium-201 (29'Tl) sin-
gle-photon emission computed tomography (SPECT), respec-
tively. They were divided into three groups: patients with
essential HT and symmetric septal hypertrophy (Group A),
patients with HT and ASH (Group B), and patients with HCM
and ASH (Group C).

Results: Compared with the lateral wall, early uptake of
MIBG in the septum was significantly higher in Group B than
in Group A, but not significantly different between Groups A
and C. Compared with the lateral wall, early uptake of 2!T1 in
the septum did not differ among the three groups. No signifi-
cant difference in the MIBG clearance in the lateral wall was
seen among the three groups. By contrast, MIBG clearances in
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the septum and apex were significantly greater in Group C
than in Groups A and B. There was an inverse correlation be-
tween systolic thickening and MIBG clearance in the septum.

Conclusion: These findings suggest that sympathetic activ-
ity in the septum differs between patients with HT and ASH
and patients with HCM.
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hypertrophy, hypertension, hypertrophic cardiomyopathy

Introduction

In patients with essential hypertension (HT), proportional
(symmetric) left ventricular hypertrophy (LVH) is common.
In contrast, hypertrophic cardiomyopathy (HCM) is charac-
terized by disproportional LVH and, in particular, asymmetric
septal hypertrophy (ASH);! 2 however, some hypertensive
patients also develop ASH.*3 It has not been determined
whether such cases represent a distinct type of hypertensive
LVH or HCM combined with hypertension.

While the etiology and pathophysiology responsible for
ASH in patients with HCM are obscure, it has been hypothe-
sized that abnormal sympathetic activity participates in the hy-
pertrophy of the interventricular septum.>-# Using tracer-
labeled epinephrine, Brush Jr. et al.® have found that neuronal
uptake of norepinephrine was decreased in the heart with
HCM. Moreover, a recent study using positron emission
tomography (PET) has demonstrated that myocardial presy-
naptic and postsynaptic sympathetic function is decreased in
patients with HCM.!9 Reduced presynaptic norepinephrine re-
uptake (uptake-1) may lead to an increased local epinephrine
level,'? and increased norepinephrine may cause hypertrophy
of myocytes.!! However, it has been uncertain whether nore-
pinephrine movement (transfer, release, and reuptake) in the
asymmetric hypertrophied septum differs from that in the
symmetric hypertrophied septum.

[-123 meta-iodobenzylguanidine (MIBG) is an analogue of
norepinephrine. It has the unique characteristic of sharing the
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same mechanisms of transfer, release, and reuptake as nore-
pinephrine, and does not act as a transmitter to the postsynap-
tic receptor. Taking advantage of this unique characteristic,
MIBG myocardial scintigraphy has been used to evaluate lo-
cal myocardial sympathetic activity.!2 13 The present study
was performed to evaluate sympathetic activity in the inter-
ventricular septum in hypertensive patients with ASH and to
investigate whether differences in sympathetic activity in the
septumn exist between patients with HT and ASH, patients
with HT and symmetric septal hypertrophy, and patients with
HCM and ASH.

Methods
Study Patients

The study included 8 patients with essential HT and evi-
dence of symmetric septal hypertrophy (interventricular sep-
tal thickness/LV posterior wall thickness < 1.3; Group A), 8
patients with essential HT and evidence of ASH (interventric-
ular septal thickness/LV posterior wall thickness 2 1.3 and an
interventricular septal thickness 2 14 mm; Group B), and 12
patients with HCM and ASH (Group C). Hypertensive pa-
tients were included who satisfied either of the following cri-
teria: (1) systolic blood pressure (SBP) 2 160 mmHg and/or
diastolic blood pressure (DBP) 295 mmHg while taking no
medication, or (2) a history of at least 1 year of treatment with
antihypertensive agents because of SBP 2 160 mmHg and/or
DBP 295 mmHg. In Group C, two patients with HCM
demonstrated LV outflow tract obstruction and 10 patients did
not. All patients in Group B also had no LV outflow tract ob-
struction. Left ventricular outflow tract obstruction was de-
fined as follows: (1) echocardiographic evidence of systolic
anterior motion of the mitral valve and midsystolic closure of
the aortic valve, (2) the presence of a pressure gradient (220
mmHg) in the outflow tract of the left ventricle at baseline, (3)
a peak gradient 250 mmHg after provocative maneuvers
(Valsalva maneuver, Brockenbrough-Braunwald phenome-
non,' or dobutamine stress). All patients with HT (Groups A
and B) and 9 patients with HCM (Group C) underwent coro-
nary angiography because of electrocardiographic (ECG) ab-
normalities and chest pain, and had no evidence of significant
coronary artery stenosis > 50%. Of the other three Group 3 pa-
tients who did not undergo coronary angiography, one dem-
onstrated no stress-induced perfusion defect on exercise thal-
lium scintigraphy and the other two had no ischemic ST-
segment depression on stress electrocardiography. Patients
with central nervous system disorders or diabetes mellitus
were also excluded from the study.

Evaluation of Cardiac Sympathetic Nerve Activity

Patients were instructed to fast on the day of the radionu-
clide study and to continue the fast until the study was com-
pleted. No patient was taking reserpine or tricyclic antidepres-
sants at the time of the study. An intravenous injection of 140

to 180 MBq of 1-123 MIBG was given between 9:00 and
10:00 A .M., and the first and second single-photon emission
computed tomographic (SPECT) studies were started about
20 min and 3 h, respectively, after injection. The SPECT sys-
tem (Shimazu ZLC 7500-Scintipac 700, or Toshiba GCA
9300-GMS 550U, Tokyo, Japan) consisted of a dual-headed
scintillation camera equipped with high-resolution, low-ener-
gy, parallel-hole collimators. A total of 60 projection images
were obtained over a 360° arc in 6° increments with 30-s ac-
quisitions for each view. After preprocessing the projection
images with 9-point weighted smoothing, transaxial tomo-
graphic slices were reconstructed using the Shepp-Logan fil-
tered back projection algorithm.

The thallium-201 (2°'Tl) SPECT rest imaging study was
performed within 1 week of the MIBG study. Data acquisition
was started 15 min after the administration of 120 MBq of
20IT]. The acquisition protocol and reconstruction method
were the same as those for the MIBG study.

The method of SPECT data analysis has been previously
described in detail.!3 !> Rectangular regions of interest were
placed over the septum, apex, LV lateral wall, lung, and me-
diastinum for both the I-123 MIBG and the 2°'T1 transaxial
images, and the SPECT count rate in a region of interest was
measured. The clearance rate for MIBG was calculated as
[(early uptake — delayed uptake) + early uptake] from re-
gions of interest on transaxial images. These analyses were
performed for the septum, generally in the most hypertrophic
region, and for the lateral LV wall.

Echocardiography

Standard cross-sectional echocardiographic studies, includ-
ing long-axis, short-axis, and apical four-chamber views, were
performed in all patients. The ultrasound system used was a
Toshiba SSH-160A (Toshiba, Tokyo, Japan) or Aloka SSD-
870 (Aloka, Tokyo, Japan). The end-diastolic thicknesses of
the septum and posterior LV wall were measured at the level of
the tip of the mitral valve. The ratio of the thickness of the sep-
tum to the posterior wall was calculated from these measure-
ments. The end-systolic thickness of the septum was also mea-
sured at same level of the left ventricle. Systolic thickening of
the septum was calculated as [(end-systolic septal thickness —
end-diastolic septal thickness) + end-diastolic septal thick-
ness] and represents an index of systolic function for the inter-
ventricular septum.

Statistical Analysis

All data are expressed as mean + 1 standard deviation.
Comparison among the three groups was performed using a
one-way analysis of variance (ANOVA). When statistically
significant differences were noted, group comparisons were
performed using Fisher’s method. Categorical data were com-
pared using chi-square analysis. Correlations were assessed by
linear regression analysis and Pearson’s correlation coeffi-
cient. Differences were considered statistically significant
when p <0.05.
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TaBLE I Baseline characteristics

Group A (n=8) Group B (n=8) GroupC (n=12)

Gender

Male (%) 6(75.0) 7(87.5) 10(83.3)

Female (%) 2(25) 1(12.5) 2(16.7)
Age (years) 56.3+9.3 60.3+5.5 61.8=+11.1
Chest pain (%) 4(50) 1(12.5) 6(50)
LVOT obstruction (%) (\I()] 0(0) 2(16.7)
NYHA class

1(%) 4(50) 4(50) 8(66.7)

(%) 4(50) 3(37.5) 2(16.7)

1 (%) 0(0) 1(12.5) 2(16.7)

IV (%) 0(0) 0(0) 0(0)
SBP (mmHg) 168+5 168 +6 1201354
DBP (mmHg) 99+8 95x8 71+1054
HR (beats/min) 64.4+5.1 63.1+144 641115
Echocardiogram

IVST (mm) 13.9+2.6 19.5+2.6¢ 204+4.08

PWT (mm) 128+3.3 119+14 11.7£1.7

IVST/PWT 1.10+0.07 1.65+0.21° 1.76 £0.29%

PDIVS (%) 31.1+79 20.1x8.2¢ 12.1 £4.05¢
CAG 8 8 9
Coronary artery obstruction

(250%) (%) 0(0) 0(0) 0(0)

4p<0.005,%p <0.001 vs. Group A.
¢p<0.05,4p<0.001 vs. Group B.

Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, LVOT = left ventricular outflow tract, NYHA =
New York Heart Association functional class, IVST = interventricular septal thickness, PWT =left ventricular posterior wall thickness, %IVS =

% systolic thickening of the septum, CAG = coronary angiogram.

Results

Age, Blood Pressure, Heart Rate, and Left Ventricular
Wall Thickness

Baseline characteristics for the three groups are sum-
marized in Table 1. There were no significant differences in
gender or age among the three groups. Systolic and diastolic
blood pressures were higher in the hypertensive groups
{Groups A and B) than in Group C, but no significant differ-
ences in blood pressure were noted between Groups A and B.
No significant difference in heart rate among the three groups
was observed. The interventricular septal thickness was signif-
icantly greater in Groups B and C than in Group A, but there
was no significant difference in septal thickness between
Groups B and C. No significant difference was seen in the LV
posterior wall thickness between the three groups. Systolic
thickening of the interventricular septum was significantly
lower in Group B than in Group A, and significantly lower in
Group C than in either Group A or Group B (Fig. 1).

Early Uptake and Clearance of Meta-lodobenzylguanidine

The early uptakes of MIBG and 2°!'T1 (septal/lateral ratio)
are summarized in Table II. The early uptake of MIBG was

significantly greater in Group B than in Group A, while there
was no significant difference in uptake between Groups A
and C (Fig. 2). The early uptake of 20'T1 was not statistically
different among the three groups. The MIBG clearance rates
for the interventricular septum, LV lateral wall, and apex are
summarized in Table I1. There was no significant difference in
the rate of MIBG clearance from the LV lateral wall among
the three groups. By contrast, the rate of MIBG clearance from
the interventricular septum was significantly greater in Group
C than in Groups A and B (Fig. 3; Group A: 7.0 + 5.3%/h,

— p<0.0001
g 40 1p<0.0051p<0.05,
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Group A Group B Group C

FiG. 1 Systolic thickening of the septum. Thickening was less in
Group B than in Group A, and less in Group C than in Groups A or B.
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TaBLE I Myocardial scintigraphic data

Clin. Cardiol.

Group A Group B GroupC
TI-E(S/L) 1.02+£0.16 1.09x0.16 1.10+0.11
MIBG-E(S/L) 1.00+£0.13  1.15+0.16¢ 1.07+0.13
MIBG-E/TI-E(S) 1.07+043 095+027 098x031
MIBG-E/TI-E(L) 1.10£046 090029 1.01+0.32
MIBG-E/TI-E(Ap) 1.10+054 0.86+027 0.87+031
MIBG clearance 7.0+£53 122+6.8 22.1£12.7b¢
(S; %)
MIBG clearance 11.5+73 122+94 16.8+£8.3
(L; %/h)
MIBG clearance 100+£6.6  123+103 21.3£9.74¢
(Ap; %/h)

2p<0.05,2p<0.01 vs. Group A.

¢p<0.05 vs. Group B.

Abbreviations: TI-E = TI-201 early uptake, MIBG-E =1-123 meta-
iodobenzylguanidine early uptake, S = interventricular septum, L =

lateral wall, Ap =apex.
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Relationship between Systolic Thickening and Meta-
Todobenzylguanidine Clearance

Systolic thickening and MIBG clearance in the septum cor-
related inversely (Fig. 4); however, the interventricular septal
thickness and MIBG clearance did not correlate (Fig. 5).

Discussion

Asymmetric septal hypertrophy is seen in many patients
with HCM, and it is believed to be a characteristic finding of
HCM;! 2 however, ASH has been described in other condi-
tions'6-'8 including HT.3- It is not clear whether this repre-
sents a distinct form of hypertensive LV hypertrophy or HCM
combined with HT.!? In some patients with HCM, myocardial
concentration of norepinephrine is increased.?® Norepine-
phrine induces myocardial hypertrophy!! and may affect the
ventricular septum differently from the right and left ventricu-
lar free walls. Thus, whether local cardiac sympathetic activi-
ty may influence the development of ASH is of great interest.

Meta-lodobenzylguanidine Uptake in the Septum

Group B: 12.2 +9.4%/h, Group C: 22.1 £ 12.7%/h). In addi-
tion, MIBG clearance in the apex was significantly greater in
Group C than in either Group A or B (Group A: 10.0+ 6.6%/
h, Group B; 12.3 + 10.3%/h, Group C: 21.3 +9.7%/).
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Fic.2 Early uptake of I-123 meta-iodobenzylguanidine (MIBG)
and thallium-201. The early MIBG uptake (septal uptake/lateral
wall uptake ratio) is higher in Group B than in Group A. NS = not
significant.
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FiG.4 Relationship between systolic thickening and meta-
iodobenzylguanidine (MIBG) clearance in the septum.

Meta-iodobenzylguanidine is an analogue of norepine-
phrine, with similar rates of transfer, release, and reuptake as
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Fic.3 Meta-iodobenzylguanidine (MIBG) clearance in the inter-
ventricular septum and left ventricular lateral wall. The MIBG clear-
ance in the septum in Group C is greater than that in Groups A and B.
There is no significant difference in MIBG clearance in the lateral
wall in the three groups. NS = not significant.
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norepinephrine; however, MIBG does not act as a transmit-
ter to the postsynaptic receptor. This unique characteristic of
MIBG results in a different accumulation pattern on scintigra-
phy, and MIBG is used to evaluate presynaptic sympathetic
activity in various cardiac diseases.'> 1> The heart-to-back-
ground ratio has been used previously to quantitate MIBG up-
take, and mediastinal activity has been used as a reference
area.!>2! However, we evaluated the ratio of the early uptake
in the septum and LV lateral wall because the mediastinal up-
take and clearance may vary due to differential blood clear-
ance and MIBG accumulation in adjacent organs.

In this study, Group B (hypertensive patients with ASH)
had 15% greater early MIBG uptake than Group A (hyperten-
sive patients without ASH). Although MIBG uptake varies
with blood flow, myocardial blood flow did not differ among
the three groups based on the early uptake of 2'T1. These find-
ings suggest that the asymmetrically hypertrophied septum
in Group B may have an increased number of either sympa-
thetic nerve endings or synaptic vesicles. However, because
our SPECT system has a resolution of 15 mm full width at half
maximum (FWHM), there may be no differences in MIBG
uptake in the hypertrophied septum per unit volume between
Groups A and B. In contrast, early MIBG uptake in Group C
(patients with HCM and ASH), which had the same degree of
interventricular septal thickening as Group B, was not different
from that in Group A. Therefore, in hearts with HCM, MIBG
uptake in the septum per unit volume may be decreased.

With respect to cardiac sympathetic function in the setting
of HCM, it is believed that the number of cardiac sympathet-
ic nerve endings decreases and neural norepinephrine uptake
decreases.’ In a study using PET, Lefroy et al.?? demonstrated
areduction in the density of myocardial beta-adrenoceptors in
patients with HCM. Moreover, arecent study using PET with
11C hydroxyephedrine demonstrated that myocardial presy-
naptic catecholamine reuptake was reduced.'0 This finding
supports our result that, in Group C, MIBG uptake in the sep-
tum per unit volume may be decreased. Septal hypertrophy
may occur despite decreased presynaptic sympathetic activi-
ty because of increased local norepinephrine level'® or in-
creased cardiac beta-adrenoceptor affinity for norepinephrine
in hearts with HCM. In contrast, in the septum in patients with
HT and ASH, MIBG uptake was not decreased. Presynaptic
sympathetic activity in the hypertrophied septum in Group B
may differ from that in Group C.

Meta-lodobenzylguanidine Clearance in the Septum

There was no difference in MIBG clearance in the lateral
wall among the three groups, while MIBG clearance in the
septum was greater in the patients with HCM than in the other
hypertensive groups. The MIBG clearance in control hearts in
our institute is 9.6 + 5.8%,%* and that in Group A patients in
this study showed about the control value. The mechanism of
MIBG clearance is not well understood although it is thought
that MIBG release from presynaptic vesicles or increased
vesicular turnover may play a role. Increased MIBG clearance
has been reported for a variety of cardiac diseases.?? We have

previously reported that MIBG clearance is greater in patients
with HCM and worsening cardiac function.!5 Cellular disar-
ray and interstitial fibrosis are found mainly in the hypertro-
phied septum in patients with HCM.?* Because there was an
inverse correlation between systolic thickening and MIBG
clearance in the septum, we hypothesize that the higher MIBG
clearance in patients with HCM reflects accelerated norepine-
phrine turnover in association with the histologic changes de-
scribed above. Namely, in the septum of patients with HCM,
the higher MIBG clearance may reflect a compensatory in-
crease in sympathetic nerve activity in response to systolic
dysfunction induced by severe myocyte disarray and intersti-
tial fibrosis. This may be partly due to the shorter half-life of
intracytoplasmic MIBG.Z5 Regarding MIBG clearance in
hypertensive hearts, Mitani ef al.?® reported that the myocar-
dial washout rate for MIBG in hypertensive patients is greater
than in normotensive patients. Moreover, Morimoto et al.?’
compared myocardial MIBG uptake in hypertensive patients
before and after the institution of antihypertensive therapy, and
found that the decrease in the washout ratio was significantly
greater in patients with greater regression of cardiac hyper-
trophy. Their results demonstrate that sympathetic nervous
function correlates with the degree of cardiac hypertrophy.
However, in this study there was no correlation between septal
thickness and MIBG clearance in the septum, as shown in
Figure 5, and MIBG clearance and systolic thickening of the
septum were different between Groups B and C despite the
same septal thickness. It is suggested that septal presynaptic
sympathetic function in Groups B and C is different, possibly
due to histologic differences. However, the mechanism respon-
sible for the greater degree of hypertrophy in the interventricu-
lar septum in hypertensive patients with ASH remains unclear.

Recently it has been found that HCM can be caused by mu-
tations in the genes for cardiac beta-myosin heavy chain,?-2
cardiac troponin T, cardiac troponin L3! alpha-tropomyo-
sin,* and myosin-binding protein C.3? Future studies may
clarify whether HT with ASH represents a type of HT or HCM
combined with HT. Moreover, evaluation of the presynaptic
sympathoadrenergic system using positron emission tomogra-
phy!%.33 may be helpful in defining the relationship between
ASH and sympathetic activity.

Study Limitation

In this study, norepinephrine turnover in the sympathetic
nerve endings was assessed only with MIBG imaging. Post-
synaptic function was not assessed nor were changes in MIBG
clearance rates at different stages of cardiac hypertrophy. Fu-
ture studies will be required to address these issues.

Conclusion

The accumulation and clearance of MIBG in the septum in
patients with HT and ASH and patients with HCM were dif-
ferent in spite of equal septal thicknesses. These findings sug-
gest that sympathetic nervous activity in the septum differs in
the two groups.
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