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Asymmetrical Septal Hypertrophy

Nosuvuk! SHIBA, YuTARKA Kacava, NoBumasAa ISHIDE,
Daiva TakeEvyama, YURTKO YAMANE, MasanoBu CHIDA,
Hiroxki Orant, Tarsvo Ipo! and Kunio SaIRATO

The Furst Department of Internal Medicine, Tohoku
Unwersity School of Medicine, Sendar 980-77, and

YOyclotron and Radwosotope Center, Tohokw Unwversity,
Sendar 980-77

SuiBa, N., Kacava, Y., Isuipe, N., Takevama, D., Yamaxg, Y., Cuma, M,
Otant, H., Ivo, T. and SuriraTO, K.  Myocardial Glucose Metabolism s Different
between Hypertrophic Cardiomyopathy and Hypertensive Heart Disease Associated
with Asymmetrical Septal Hypertrophy. Tohoku J. Exp. Med., 1997, 182 (2), 125-
138 —— Myocardial glucose metabolism has been shown to be heterogeneous in
patients with hypertrophic cardiomyopathy (HCM). We tested the hypothesis
that myocardial glucose metabolism differs between patients with HCM and those
with hypertensive heart disease (HHD) associated with asymmetrical septal hyper-
trophy. We studied 12 patients with HCM, 7HHD patients associated with
asymmetrical septal hypertrophy using '*F 2-deoxyglucose (FDG) and positron
emission tomography. We calculated %, FDG fractional uptake in the inter-
ventricular septum and posterolateral wall. Heterogeneity of FDG uptake was
evaluated by 9, interregional coeflicient of variation of FDG fractional uptake in
each wall segment. In both the interventricular septum and posterolateral wall,
%, FDG {fractional uptake was not significantly different between the two groups.
The 9, interregional coefficient of variation for both interventricular septum
(10.6+1.6 vs. 4.1-+0.5, p<0.01) and posterolateral wall (5.9+£0.7 vs. 3.84+0.5, p<
0.05) was significantly larger in patients with HCM than in HHD patients associat-
ed with asymmetrical septal hypertrophy. Echocardiography demonstrated that
the degree of asymmetrical septal hypertrophy was similar between the two groups.
These results suggest that myocardial glucose metabolism may be more heterogene-
ous in patients with HCM compared to HHD patients associated with asymmetrical
septal hypertrophy, although the left ventricular shape is similar. The difference
in the heterogeneity might have resulted from differences in the pathogeneses of the
two diseases. ———— hypertrophic cardiomyopathy; hypertensive heart disease;
glucose metabolism; positron emission tomography; '*F 2-deoxyglucose
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Hypertrophic cardiomyopathy (HCM) is characterized by a hypertrophic
ventricle in the absence of other cardiac or systemic diseases known to cause
ventricular hypertrophy. Asymmetrical septal hypertrophy, i.e., an inter-
ventricular septum that shows more severely increased wall thickness compared
with the left ventricular free wall, has been considered a typical diagnostic sign
of HCM (Teare 1958). However, several studies have reported that 4-189, of
patients with left ventricular hypertrophy due to long-term systemic hypertension
also show asymmetrical septal hypertrophy (Savage et al. 1979; Fujiwara et al.
1985; Shapiro et al. 1985). It is difficult, therefore, to distinguish HCM from
hypertensive heart disease (HHD) associated with asymmetrical septal hypertro-
phy by cardiac shape alone.

In our previous study (Kagaya et al. 1992; Shiba et al. 1997), we have shown
that myocardial "F 2-deoxyglucose (FDG) uptake in patients with HCM is
heterogeneous, suggesting that not only a morphological change but also a
metabolic abnormality are involved in this disease. It is not known, however,
whether myocardial glucose metabolism in HHD with asymmetrical septal hyper-
trophy differs from that of HCM. To address this question, we studied myocar-
dial glucose uptake in 12 patients with HCM and 7 patients with HHD associated
with asymmetrical septal hypertrophy using positron emission tomography (PET)
and a glucose analog, FDG.

PatienTts AND METHODS
Patients

The study group consisted of 19 patients referred to our hospital because of
both abnormal electrocardiography and echocardiographic demonstration of asym-
metrical septal hypertrophy. Twelve patients were diagnosed as having HCM
because they had hypertrophic left ventricle as demonstrated by echocardiogra-
phy, but without any cardiac or systemic disease known to cause ventricular
hypertrophy. The other 7 patients were diagnosed as having HHD because they
had definite histories of hypertension over ten years. None of the patients had
diabetes mellitus. Medications for patients with HCM were calcium antagonists
and/or beta blockers. Those for patients with HHD were calcium antagonists,
beta blockers and/or diuretics. These medications were discontinued on the day
of the tomographic study.

The purpose and nature of this study were approved by the committee for the
administration of radioactive substances of the Tohoku University School of
Medicine. We provided the details of this study to all subjects and written
informed consent was obtained from all subjects before each study.

Echocardiography and cardeac catheterization

Two-dimensional echocardiographic studies were performed 1n all cases on the
day of the PET study (SSH-65A or SSH-160A, Toshiba, Tokyo). Inter-
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ventricular septal and posterolateral wall thickness were measured using the
two-dimensional left parasternal image at end-diastole. Cardiac catheterization
and selective coronary angiography were performed in 16 patients (10 patients in
HCM group and 6 patients in HHD group). The peak-systolic pressure gradient
in the left ventricular outflow tract was measured by continuous pressure record-
ing using a 7 French-size fluid filled pig tail catheter while drawing the catheter
out of the left ventricle to the aortic root.

Radiopharmaceutical and scanning procedure

FDG 1s a glucose analog that traces the transmembranous transport and
hexokinase-mediated phosphorylation of glucose. The end product, FDG-6-
phosphate, 1s effectively trapped within the cell and enables the visualization of
regional myocardial glucose flux (Gallagher et al. 1977; Ratib et al. 1982).

The 1maging studies were performed using a single-slice positron tomograph
(ECAT II; CTI, Knoxville, TN, USA) with a spatial resolution of 17 mm full-
width at half maximum 1n the transverse plane and a slice thickness of 17 mm
full-width at half maximum. In two patients with HCM and three patients with
HHD, we used another PET scanner, PT 931/04 (CTI), the full-width at half
maximum of which is 7mm. Acquired data were reconstructed 1n a matrix size
of 100 x 100 pixels and transformed into an MS-DOS file format for analysis by a
personal computer.

Each subject was administered 50 g of glucose orally one hour before the PET
study. All medications were discontinued on the day of the tomographic study.
We placed a catheter in the dorsal pedal or radial artery for arterial blood
sampling. After a transmission scan for the attenuation correction, we adminis-
tered intravenously 148 to 296 MBq of FDG dissolved in 6 ml of 0.9%, sodium
chloride solution for 1 minute. In the studies with the ECAT II scanner, four
cross-sectional images of the left ventricle were acquired at 10 mm intervals by
scanning over a period of 300 seconds per plane, 45 to 60 minutes after the FDG
injection. In the studies with the 931/04 scanner, seven cross-sectional images of
the left ventricle were obtained simultaneously by scanning over a period of 300
secconds, 45 minutes after the FDG injection. We performed serial arterial blood
sampling until the end of scanning (every 20 seconds up to 180 seconds, and then
4,5,1,10, 15, 20, 30, 45 and 65 minutes after the FDG injection). In one patient
in the HHD group, arterial blood sampling was not performed because her
peripheral arteries were severely sclerotic and winding (Case 6). We measured
the arterial plasma concentrations of glucose, insulin and free fatty acids three
times during the tomographic study (0, 15 and 30 minutes after FDG injection)
and these data were averaged in each case.

Data analysis

The tomographic data were corrected for decay and attenuation, and were
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displayed on the monitor of a personal computer (PC-9801DA, NEC, Tokyo) as
16-color transverse tomographic images to differentiate the left ventricular wall
from the cardiac chamber and to define regional segments of the left ventricle.
One cross-sectional image containing the mid-left ventricle and the largest mass
of both the interventricular septum and left ventricular posterolateral wall was
selected for analysis in each case. The posterolateral wall segment was defined as
the basal two-thirds of the left ventricular free wall in the trans-axial image of the
left ventricle. The interventricular septal region was defined as the basal two-
thirds of the rightside of the left ventricular image. Four to eight contiguous
rectangular regions of interest (ROIs) were selected in both the interventricular
septum and left ventricular posterolateral wall. Each ROI consisted of 9 pixels.
We calculated 9, FDG fractional uptake in each ROI as described by Camici et
al. (1986), using the following equation:

9% FDG fractional uptake =(Cyrney/of TCrne,dt) X 100

where Cypgy 18 the FDG radioactivity per ROI in the myocardium; and
oJ TChrpeydt 1s the integral of the plasma FDG radioactivity per g from the time
of the injection to the end of scanning. In each wall segment, mean 9, FDG
fractional uptake was calculated by averaging the %, FDG fractional uptake of
the ROIs. Furthermore, in each wall segment, we determined 9, interregional
coefficient of variation (SD/mean % 100) of %, FDG fractional uptake in the ROIs
as a measure of the regional heterogeneity of myocardial glucose uptake (Sochor
et al. 1986). The plasma glucose concentration was measured by a modification
(Trinder 1969) of the glucose oxidase method (Huggett and Nixon 1957); the
plasma insulin concentration was determined by radioimmunoassay (Yalow and
Berson 1960); and the plasma concentration of free fatty acids was measured by
an enzymatic method (Mizuno et al. 1980).

Results are presented as mean+s.E.M. We used Student’s ¢-test to compare
variables between the HCM and HHD groups. A p value<0.05 was considered
significant.

REesuLts
Clinical characteristics in patients

The clinical characteristics of the two patient groups are listed in Tables 1
and 2. There was no significant difference in age between the two patient groups.
Both systolic and diastolic blood pressure was significantly higher in the HHD
group than in the HCM group. Case 4 in the HCM group is a brother of case 7 in
the same group. The other 10 patients with HCM did not have a family history
of HCM nor sudden cardiac death.

Echocardiographic data of the two patient groups are shown in Tables 1 and
2. There was no significant difference in the wall thickness of the interventricular
septum or posterolateral wall between the two patient groups. Cardiac catheter-
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ization revealed the presence of a peak systolic pressure gradient in left
ventricular outflow tract in 5 patients in the HCM group. Selective coronary
angiography demonstrated no significant 9%, diameter stenosis greater than 509, in
any patient. Right ventricular endomyocardial biopsy was performed in only
one patient from each patient group. The specimen of case 4 in the HCM group
showed patchy focal fibrosis of myocardium and myocyte hypertrophy. The
specimen of case 4 in the HHD group showed only marked myocyte hypertrophy.

Fig. 1. Transaxial positron emission tomographic images of *F 2-deoxyglucose
uptake in the left ventricular wall of patients with hypertrophic car-
diomyopathy (A) and hypertensive heart disease associated with asymmetrical
septal hypertrophy (B). In each cross-sectional image, the interventricular
septum is in the upper left and posterolateral wall is in the lower right.
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Myocardial FDG wptake

Fig. 1 (A) and 1 (B) show representative PET images of patients from the two
patient groups. FDG uptake in both interventricular septum and left ventricular
posterolateral wall was more heterogeneous in the patient with HCM (A) compar-
ed with the patient with HHD associated with asymmetrical septal hypertrophy
(B).

PET data obtained from each patient from the two groups are summarized in
Tables 1 and 2. In both the interventricular septum and posterolateral wall, %,
FDG fractional uptake was not significantly different between the two patient
groups (Fig.2). 9, Interregional coefficient of variation of FDG fractional
uptake for both the interventricular septum and posterolateral wall was larger in
the HCM group than in the HHD group (Fig. 3).

It 1s possible that the measure of heterogeneity of FDG uptake depends on the
spatial resolution of the positron tomograph scanner. We therefore compared %,
interregional coefficient of variation of FDG fractional uptake obtained using the
ECAT II scanner alone between the two patient groups. The 9, interregional
coefficient of variation of FDG fractional uptake obtained with ECAT II for the
interventricular septum was significantly larger in the HCM group than in the
HHD group (11.2+2.2 vs. 4.3+0.6, cases 1 to 10 in the HCM group and cases 1 to
4 in the HHD group, p <0.05). While that for the posterolateral wall tended to
be higher in the HCM group than in the HHD group, the difference did not reach
statistical significance (6.2+1.3 vs. 4.2+0.5).
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Fig. 2. 9, FDG fractional uptake in interventricular septum and left ventricular
posterolateral wall in patients with hypertrophic cardiomyopathy (HCM, )
and those with hypertensive heart disease (HHD, [7]) associated with asym-
metrical septal hypertrophy. FDG, '*F 2-deoxyglucose.

n.s., not significant.
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T
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Fig. 3. 9% Interregional coeflicient of variation in FDG fractional uptake in
interventricular septum and left ventricular posterolateral wall in patients
with hypertrophic cardiomyopathy (HCM, &) and those with hypertensive
heart disease (HHD, ) associated with asymmetrical septal hypertrophy.
FDG, '*F 2-deoxyglucose. *p<0.05; **p<0.01.

The presence of a systolic pressure gradient in the left ventricular outflow
tract in some patients of the HCM group might have been responsible for the
larger %, interregional coefficient of variation of FDG fractional uptake. We
therefore compared those values between the HCM patients with and without a
systolic pressure gradient in the left ventricular outflow tract, finding no
significant difference for either the interventricular septum (7.8 +0.6 vs. 12.3+ 2.5,
with and without pressure gradient, respectively) or the posterolateral wall (5.1 +
0.6 vs. 6.4+ 1.6, with and without pressure gradient, respectively).

Plasma concentrations of glucose (123+7 vs. 136+8 mg/100 ml, HCM and
HHD groups, respectively) and insulin (28 +8 vs. 25+4 ,U/liter, HCM and HHD
groups, respectively) were not significantly different between the two patient
groups. The plasma concentration of free fatty acids, however, was significantly
higher in the HCM group than in the HHD group (1.1+0.2 vs. 0.4 +0.1 mEq/liter,
p<0.05).

DiscussionN

We found for the first time that myocardial FDG uptake 1s different between
patients with HCM and those with HHD associated with asymmetrical septal
hypertrophy. Although FDG fractional uptake in both the interventricular
septum and left ventricular posterolateral wall was similar between the two
patient groups, the %, interregional coefficient of variation in both wall segments
was larger in the HCM group than in the HHD group.

The mechanism for the difference in heterogeneity of FDG uptake between
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the two patient groups is not clear. Glucose utilization is accelerated in myocar-
dial 1schemia (Opie 1976). Several earlier studies have suggested that myocardial
ischemia plays an important role in the pathophysiology of HCM. Pasternac et
al. (1982) and Cannon et al. (1985) demonstrated hemodynamic evidence of
myocardial ischemia in patients with HCM. The increased heterogeneity of FDG
fractional uptake in patients with HCM demonstrated in the present study might
be partially explained by regional myocardial ischemia.

Histological examinations revealed myocardial fibrosis and scarring in
patients with HCM (Maron et al. 1979; Olsen 1983; Tanaka et al. 1986). Right
ventricular endomyocardial biopsy was performed in only one patient from each
patient group in our present study. The specimen of case 4 in the HCM group
showed patchy focal myocardial fibrosis and myocyte hypertrophy. The speci-
men of case 4 in the HHD group showed only marked myocyte hypertrophy. It
is possible that the difference in myocardial fibrosis might partially explain the
difference in the heterogeneity of FDG uptake. Further histological study with
a larger number of patients, however, is needed to determine whether myocardial
fibrosis predominantly contributes to the increased heterogeneity of myocardial
FDG uptake in patients with HCM. Myocardial disarray, which is one of the
common histological findings in patients with HCM, was not found in the patient
with HCM. This may be due to the small sample number and/or the right
ventricular, not left ventricular, endomyocardial biopsy. Although we still need
further histological study, it is also possible that myocardial disarray contributes
to the heterogeneity of FDG uptake.

A high plasma concentration of free fatty acids inhibits myocardial glucose
utilization due to the predominance of free fatty acids as an energy source for
myocardium (Wisneski et al. 1985). The reason why the plasma concentration of
free fatty acids was significantly higher in the HCM group than in the HHD group
in the present study 1s not clear. It is possible that sympathetic tone, which can
increase the plasma concentration of free fatty acids (Opie 1988), was different
between the two groups. It is unlikely, however, that the increased heterogeneity
of myocardial FDG uptake in patients with HCM was caused by a higher plasma
level of free fatty acids. This is because %, FDG fractional uptake was similar
between the two groups, suggesting that the effect of plasma free fatty acids on
myocardial glucose uptake was similar in the present study.

The presence of a systolic pressure gradient, in the left ventricular outflow
tract in some patients of the HCM group might be responsible for the increased %,
interregional coefficient of variation of FDG fractional uptake in both the inter-
ventricular septum and posterolateral wall. This is because, in the HCM patients
with a pressure gradient, only a part of the left ventricle is subjected to pressure
overload which may increase myocardial glucose utilization (Kagaya et al. 1990)
and may increase the heterogeneity of myocardial glucose metabolism. However,
this would not be the case with the present study because 9, interregional
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coefficient of variation of FDG fractional uptake was not significantly different
between patients in the HCM group with and those without a pressure gradient.

HCM has been shown to be associated with mutations of the 3 myosin heavy
chain, troponin T, and a tropomyosin genes (Davies and Krikler 1994). Some
mitochondrial encephalopathy due to mitochondrial gene mutation also has been
reported to demonstrate hypertrophic cardiomyopathy (Hiruta et al. 1995).
Although we did not investigate those gene mutations in the patients with HCM,
such studies may suggest other possible mechanisms for the heterogeneity of
myocardial glucose metabolism in those patients.

We did not correct regional myocardial FDG fractional uptake for regional
wall thickness. It is unlikely, however, that the differences of 9, interregional
coeflicient of variation in FDG fractional uptake between the patient groups were
due to the difference in the regional wall thickness, because the wall thickness of
both the interventricular septum and posterolateral wall was similar between the
two patient groups.

It 1s possible that the measure of heterogeneity of FDG uptake depends on the
spatial resolution of the PET scanner. We therefore compared 9, interregional
coefficient of variation of FDG fractional uptake obtained using an ECAT II
scanner alone between the two patient groups. The 9%, interregional coefficient of
variation of FDG fractional uptake obtained using ECAT II for the inter-
ventricular septum was significantly increased in the HCM group compared with
the HHD group. The difference in the 9, interregional coefficient of variation in
FDG fractional uptake, therefore, cannot be explained by the difference in the
spatial resolution of the two PET scanners. The 9, interregional coefficient of
variation for the posterolateral wall tended to be higher in the HCM group than
in the HHD group. The difference, however, did not reach statistical significance.
This may be due to the fact that a relatively small number of patients with HHD
were studied with the ECAT II.

The blood pressure measured just before the tomographic study in the HHD
group was much higher than that in the HCM group. This was because medica-
tions were discontinued on the day of the study. It is not clear, therefore,
whether the difference in the heterogeneity of glucose metabolism 1s in part due
to the difference in the left ventricular pressure overloading between the two
groups. It might be useful to study myocardial glucose metabolism in patients
with HHD under medications.

Differential diagnosis between HCM and HHD with asymmetrical septal
hypertrophy is sometimes difficult, especially in a case with borderline hyperten-
sion or an indistinct history of hypertension. Morphological findings, clinical
characteristics and hemodynamic findings are not always sufficient for differential
diagnosis. Kvaluation of heterogeneity of myocardial glucose metabolism using
PET and FDG may allow noninvasive differentiation between HCM and HHD
associated with asymmetrical septal hypertrophy. Further study in patients with



136 N. Shiba et al.

borderline hypertension, however, is needed to determine if measurement of
heterogeneity of myocardial glucose metabolism is useful for the differential
diagnosis between HCM and HHD with asymmetrical septal hypertrophy and
borderline hypertension.

As glucose and free fatty acids compete with each other as energy substrates
for myocardium, 1t may be interesting to investigate HCM and HHD patients with
asymmetrical septal hypertrophy with '2°I-8-methyl-iodophenyl pentadecanoic
acid (‘**I-BMIPP), a fatty acid analog, and single photon emission tomography.
Kurata et al. (1992) reported the regional reduction of myocardial '**I-BMIPP
uptake, which was independent on regional perfusion determined by 2°'T1 uptake
in patients with HCM. However, the characteristics of '2*I-BMIPP uptake in
HHD patients with asymmetrical septal hypertrophy are still unknown.

In conclusion, myocardial glucose metabolism may be more heterogeneous in
patients with HCM compared with HHD patients associated with asymmetrical
septal hypertrophy, although the left ventricular shape is similar. The difference
in the heterogeneity between the two patient groups might be caused by
differences in the pathogeneses of the two diseases.
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