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The normal myocardium uses primarily fatty acid as its energy
source, but, as heart failure develops, the myocardial fatty acid
metabolism is limited. In this study, impairment of the lipid metab-
olism in heart failure was serially evaluated with '23|-(p-iodophenyl)-
3-(R,S)-methylpentadecanoic acid (BMIPP), a radioiodinated fatty
acid analog. Methods: Rapid ventricular pacing was introduced in
10 beagle dogs. Dogs were subjected to hemodynamic assess-
ment and measurement of catecholamine before and after pacing.
After 1 wk (group A; n = 4) and 4 wk (group B; n = 6) of pacing,
BMIPP was injected directly into the left anterior descending ar-
tery; its extraction, retention, and washout rate in the early phase
were calculated, and the metabolites in the myocardium were
evaluated using high-performance liquid chromatography. These
factors were compared with those of healthy control animals
(group G; n = 6). Results: The left ventricular ejection fraction and
cardiac output decreased significantly in groups A and B after
pacing. The pulmonary capillary wedge pressure did not change in
group A but increased significantly in group B. Plasma norepineph-
rine increased progressively as heart failure developed but did not
reach statistical significance. The washout rate in the early phase
increased, significantly in groups A and B compared with that of
group C. Extraction and retention of BMIPP did not change in
group A. In group B, extraction tended to decrease and retention
decreased significantly compared with that of group C. The levels
of full metabolite formed by complete oxidation of BMIPP de-
creased, and backdiffusion of BMIPP increased significantly in
groups A and B compared with that of group C. Myocardial blood
flow did not change among the three groups. Conclusion: Our
study indicates that myocardial fatty acid oxidation begins to be
inhibited and that washout of BMIPP increases in the compen-
sated stage of left ventricular dysfunction but that myocardial
extraction and retention of fatty acid are definitely impaired in the
advanced stage of heart failure. Therefore, as assessed by BMIPP,
the myocardial lipid metabolism is related to the pathophysiology
of the development and worsening of heart failure.
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Congestive heart failure (CHF) is a common clinical
problem confronting physicians and is often the final
manifestation of many cardiovascular disorders. Consid-
erable advances in our understanding and management of
heart failure have been made recently. However, with
increasing life expectancy and decreasing mortality of
heart failure, the incidence, prevalence, mortality, and
economic costs of the disease are increasing steadily.
Therefore, basic research into the fundamental mecha-
nisms accounting for the progression of CHF, with the
hope of developing novel therapeutic approaches to alter
the progressive course of the disease, has become a
priority.

The energy requirements of the normal heart in the
basal state are usually met by catabolism of free fatty
acid, with minimal contributions by lactate and glu-
cose (). Previous studies have shown that the heart
switches its reliance on glycolysis as the primary path-
way for energy production during the development of
heart failure 2—4). Little is known about the regulatory
mechanisms involved in this cardiac energy substrate
switch. Moreover, the role of this metabolic switch as an
adaptive versus a maladaptive response and its potential
contribution to the transition from compensated left ven-
tricular dysfunction to the overtly failing heart are un-
known.

129-(p-iodophenyl)-3-R,9-methylpentadecanoic acid
(BMIPP) is a radioiodinated fatty acid analog used for
myocardial SPECT imaging on the basis of its high
cardiac fatty acid metabolismb). The B-methyl side-
branched structure of BMIPP does not affect its conver-
sion to acyl coenzyme A but reduces its susceptibility to
B-oxidation. As a result, BMIPP shows superior charac-
teristics for clinical SPECT and has as long a myocardial
retention time as those of triglyceride§,f). We have
reported several animal studies using BMIPP and showed
that this tracer is useful for evaluating myocardial fatty
acid metabolism{-13.
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In this study, we evaluated myocardial fatty acid metatMeasurement of Regional Myocardial Blood Flow
olism using BMIPP in a pacing-induced heart failure dog The colored microspheres were nonradioactive (E-Z Co. Ltd.,
model that has been used as a well-established, fairly né#s Angeles, CA), and 7-10 million microspheres were injected
invasive model and has proven to produce a stable alﬁHJ_ the _Ieft appendage with a syringe after sufficient manual
chronic state of low-output biventricular heart failufstt mixing Wlth another connected syringe. Blood samples were col-
17). We also evaluated how myocardial fatty acid oxidatioff- oo Simultaneously from the femoral artery at a rate of 10
L/min over a period of 90 s. After the dogs were killed, myo-

changed from the early phase of cardiac dysfunction to tgﬁrdial tissue samples (each piece, 0.5-1.0 g) were collected from

final stage of heart failure by changing the pacing protocaly sites in the epicardial and endocardial area. Each sample was
then treated by routine methods, as report&8).(Microspheres
MATERIALS AND METHODS were counted under a microscope »aL00—400 magnification,

Animal Preparations and the regional myocardial blood flow was quantified.

This study followed the Guidelines for Animal Experiments ofjgeasurement of Metabolic Parameters

Kyoto University established in 1988. Blood sampling from the GCV and the abdominal aorta was

Adult male beagle dogs were studied. Two study protocols Wefg formed to measure lactate, blood sugar, and nonesterified fatty
followed. Four dogs were used to study the effects of 1 wk of rapighijys | actate consumption was calculated as follows:
ventricular pacing (group A); six dogs were used to study the

effect of pacing for 4 wk (group B). Six dogs were used as healthyactate consumptiofi%) =

controls (group C). After anesthetization with pentobarbital (25 terial lactat /dL) — lactat 1dL
mg/kg), hemodynamic studies were performed. A thermodilution arterial lactate(mg/dL) — venous lactat¢mg/dL) % 100.

Swan-Ganz catheter for infants (Baxter Healthcare Co., Deerfield, arterial lactategmg/dL)
_IL) was |r_15erted unq_er fluqroscopy through the right eXtemﬂxtraction of BMIPP
jugular vein and positioned in the pulmonary artery. The pulmo-

. This study followed our previous protoco¥)(and involved
nary wedge pressure and cardiac output were measured. Pulmg: . / .
- L collection of all blood from the GCV for 60 s immediately after
nary arteriography was performed for estimation of the left ven-= "~ . > ) ;
. ; . injection of a mixture of*23-BMIPP (18.5 kBq) and*?3-bovine
tricular wall motion and measurement of the left ventricular

L . . serum albumin (18.5 kBq) in 10QL saline into the left anterior
volume and ejection fraction. At the same time, blood was draw . .
- . escending artery. The collected blood samples were weighed, and
for measurement of norepinephrine.

After the hemodynamic measurement, a pacemaker lead thg2 radioactivity was measured by a well scintillation counter
introduced through the right external jugular vein and fixed to th C-350;, ALOKA, Tokyo, Japan) with decay correction. The

gctual radioactive content df3 and 23 in the samples was

apex of the right ventricle. The position of the lead was checkedd‘:)éIICuIated using the cross-talk ratio obtained from*Restandard

fluoroscopy. The lead was tunneled to the back and connected_fo 12 i
. sample (cross talk fron?d to 23 was negligible). The average
a subcutaneously implanted generator. The pacemaker (Fukuda ; ;
: OW rate in the GCV was calculated from the weight of the blood
Denshi Co., Kyoto, Japan) was set at a rate of 220 bpm. After . . )
. . 'samples and the extraction fraction as follows:
recovery from anesthesia, the dogs were returned to a chronic care

facility where they received a standard diet and free accessgQtraction fraction= 1 —
water.

(** in blood [0-30 9§)/(*?% injected

Experimental Procedure (**1 in blood [0-30 9)/(*** injected

After overnight fasting, the dogs were anesthetized by intra-
muscular injection of ketamine hydrochloride (2.5 mg/kg) for th®etention and Metabolism of BMIPP
induction; this was followed by intravenous injection of pentobar- Immediately after the extraction studi?3d-BMIPP (74 MBq;
bital (25 mg/kg) for the maintenance of anesthesia, and blood wa® mL) was injected into the left anterior descending artery. All of
withdrawn. Hemodynamic measurement was performed. After eifre blood from the GCV was collected from 0 to 30 s after
dotracheal intubation, the animals were connected to a dual-phagection to minimize leakage of untrapped BMIPP into the sys-
control respirator (Harvard Apparatus, South Natik, MA) thatemic circulation. Both venous blood from the GCV and arterial
supplied 100% oxygen mixed with room air at 2 L/min. A catheteblood from the abdominal aorta were collected into heparinized
was inserted into the left femoral artery to monitor blood pressuribes at various time intervals (30 s and 1, 2, 5, 10, 15, and 30 min
and another catheter was inserted into the abdominal aorta throadter injection). Plasma samples were separated by centrifugation
the opposite femoral artery for arterial blood sampling. A tripleat 3000 rpm for 10 min, and the radioactivity of a 0.1-mL aliquot
lumen intravenous catheter was placed in the femoral vein for fluicas measured by a well scintillation counter as soon as possible.
infusion and drug administration. A thoracotomy was performed @he remainder of the plasma was extracted twice with a 2:1
the fifth intercostal space, and the epicardium was fixed to theixture of chloroform and methanol®). The organic layer was
thoracic wall in the form of a cradle. The left anterior descendintipen collected and evaporated, and the residue was dissolved in
artery was dissected free for radioisotope administration. The gr&80 pL methanol for high-performance liquid chromatography
cardiac vein (GCV) was also dissected free and cannulated, an(H®LC). An LC-6A chromatographic system (Shimazu Co. Ltd.,
three-way valve was attached to switch the blood flow to the lefyoto, Japan) with a YMC-Pack ODS column (20150 + 20 X
appendage of the heart for recirculation or to the open port f60 mm; YMC Co. Ltd., Kyoto, Japan) was used for the HPLC
venous blood sampling. The colored microspheres were infusadalysis. The mobile phase was a mixture of methanol, water, and
through the catheter in the left appendage for measurementagktic acid (96:4:1) with a flow rate of 6 mL/min. After injection
regional myocardial blood flow. of the sample, the eluate was collected in 1-min fractions with a
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TABLE 1
Hemodynamic Parameters at Baseline and After Pacing

Group A Group B
Parameter Baseline After 1 wk Baseline After 4 wk
CO (L/min) 3.19 = 1.08 1.71 = 0.50* 3.54 + 1.30 1.47 + 1.06"
PCWP (mm Hg) 6.0 = 3.6 85+26 7324 19.7 + 2.71%
LVEDV (mL) 33.5 + 16.2 33.8 + 13.6 342 + 8.6 47.5 + 9.2*
LVESV (mL) 135 6.5 21.0 = 8.4* 13.7 £ 5.0 33.7 = 6.71l
LVEF (%) 60.0 = 3.2 37.0x 2.2t 61.0 = 9.2 29.3 = 1.21%

*P < 0.05 compared with value at baseline.

TP < 0.01 compared with value at baseline.

*P < 0.01 compared with group A.

IP < 0.05 compared with group A.

CO = cardiac output; PCWP = pulmonary capillary wedge pressure; LVEDV = left ventricular end-diastolic volume; LVESV = left
ventricular end-systolic volume; LVEF = left ventricular ejection fraction.

Values are expressed as mean = SD.

fraction collector. The radioactivity of each fraction was thelRESULTS
measured with the well scintillation counter with decay correctioq_' .
emodynamic Data

Data Calculation Hemodynamic data at baseline and after pacing are given
By fitting time—activity data with a three-exponential curve, thin Table 1. After pacing, cardiac output decreased signifi-
area under the curve (AUC) was calculated using a Newtooantly from 3.19+ 1.08 L/min to 1.71+ 0.50 L/min in
Raphson algorithm. The following parameters were also calcgroup A (P < 0.05) and from 3.54¢ 1.30 L/min to 1.47+
lated: 1.06 L/min in group B P < 0.01). In group A, the pulmo-

e Cumulative dose= injected dosex extraction fraction. nary capillary wedge pressure |nC|feased from6.8.6 mm

« Washout dose (0.5-30 mir) AUC of (radioactivity in Gcv Hg to 8.5+ 2.6 mm Hg but did not reach statistical
plasma— radioactivity in arterial plasma) average flow Significance @ = 0.55). In group B, the pulmonary capillary
rate in GCV x ([100 — hematocrit}/100). wedge pressure increased significantly from 2.2.4 mm

e Retention fraction at 30 mis= 1 — (washout dose/cumula- Hg to 19.7+ 2.7 mm Hg P < 0.01). After pacing, the
tive dose). pulmonary capillary wedge pressure in group B was signif-

e Percentage washout in the early phase (8 minjwashout jcantly higher than that in group AP(< 0.01).
dose [8 min]/washout dose ([30 miny 100. Left ventricular end-diastolic volume did not change in

The percentage cumulative metabolite washout fraction (0.5—§6OUp A (33'5_i 16.2 mL before p"’,‘c"!g and 3_3:8 13.6
min) was also calculated. mL after pacing) but increased significantly in group B

The plasma metabolite levels were calculated from the tote34.2 = 8.6 mL before pacing and 47.5 9.3 mL after
radioactivity in plasma and the fraction of each metabolite ofpacing; P < 0.05). Left ventricular end-systolic volume
tained by HPLC. Washout of each metabolite from the myocaincreased significantly in groups A and B (13:5%6.5 mL to
dium was then estimated from the difference in the metaboli®.0 = 8.4 mL and 13.7+ 5.0 mL to 33.7* 6.7 mL,
levels of arterial and GCV plasma. The extraction of BMIPP frorﬁespectivew)' and it was Significant]y h|gher in group B than
the arterial plasma was taken into consideration as follows: group A P < 0.05). Left ventricular ejection fraction
Washout of BMIPP= (GCV concentration- decreased significantly in groups A and B (60.6%3.2%
to 37.0% =+ 2.2% and 61.0%+ 9.2% to 29.3%=* 1.2%,
respectively), and it was significantly lower in group B than

Metabolite washout was fitted to a three-exponential curve, afitigroup A P < 0.01).
the AUC was calculated. The cumulative metabolite WaShOBtlood Samples
fraction (1-30 min) was then calculated as follows:

arterial concentrationx (1 — extraction fraction.

Metabolic parameters and norepinephrine values are
Cumulative metabolite washout fractien summarized in Table 2. Arteriat venous difference (A-
V difference) for nonesterified fatty acids did not change
AUC of metabolite/sum of each metabolite AUC.patween group A (0.0% 0.08 mEg/L) and group B (0.12
Statistical Analysis 0.05 mEg/L). Also, the A— V difference for blood sugar
All data are expressed as mean SD. Comparisons were did not change between two groups (16:39.6 mg/dL in
performed with the Studerittest, paired test, or multiple com- group A and 6.0+ 4.4 mg/dL in group B). Lactate con-
parison testP < 0.05 was considered statistically significant. sumption was also unchanged between both groups
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TABLE 2
Metabolic Parameters and Norepinephrine in Groups A
and B After Pacing

Parameter Group A Group B
NEFA (A — V) (mEg/L) 0.05 *= 0.08 0.12 = 0.05
Blood sugar (A — V) (mg/dL) 10.3+9.6 6.0 £ 4.4
Lactate consumption (%) 45.3 + 15.8 22.7 = 13.5
Norepinephrine (pg/mL) 316 = 42 516 = 477

NEFA = nonesterified fatty acid; A — V = arterial — venous
difference.

Values are expressed as mean *= SD. No parameter reached
statistical significance.

(45.3%+ 15.8% in group A and 22.7% 13.5% in group

not change between group A (77% 5%) and group C
(74% = 12%). In group B, extraction of BMIPP (58%
20%) decreased but did not reach statistical significance
(P = 0.07). In group B, retention of BMIPP (75% 13%)
decreased significantly compared with that in group C
(89% = 9%; P < 0.05). The percentage washout in the
early phase increased significantly in group A (81%6%)
and group B (75%* 15%) compared with that in group C
(50% = 13%; P < 0.01).

Analysis of metabolites from the myocardium (Fig. 2)
revealed that the backdiffusion of BMIPP of group A
(75% = 13%) and group B (61%: 12%) was significantly
higher than that of group C (25% 8%; P < 0.01).
a-Oxidation metabolites of groups A and B (5%3% and
7% = 4%, respectively) were significantly lower than those
of group C (27%+ 4%; P < 0.01).3-Oxidation metabolites

B). Plasma norepinephrine increased progressively wigh groups A and B (20%+ 10% and 31%*+ 10%, respec-

time (171 * 67 pg/mL in group C, 316- 42 pg/mL in

tively) were also significantly lower than those of group C

group A, and 516+ 477 pg/mL in group B), but these (4804 + 7%: P < 0.01).
parameters did not achieve statistical significance because

of the wide variation of SD.

Myocardial Blood Flow
In group A, the myocardial blood flow was 1.650.17
mL/min/g in the whole layer, 1.06: 0.20 mL/min/g in the

endocardium, and 1.16 0.11 mL/min/g in the epicardium.

In group B, the myocardial blood flow was 1.1 0.10
mL/min/g in the whole layer, 0.98& 0.11 mL/min/g in the
endocardium, and 1.0 0.14 mL/min/g in the epicardium

These differences did not achieve statistical significanc

Metabolism of BMIPP

DISCUSSION

In this study, 1-wk rapid ventricular pacing produced left
ventricular dysfunction, and 4-wk pacing produced severe
CHF corresponding to subset IV of Forrester et a0)(in
humans. Analysis of the BMIPP metabolism revealed that
the extraction tended to decrease in group B and also
showed a significantly lower retention in that group, with
increased washout in the early phase and backdiffusion in

'egroups A and B.

BMIPP is a radioiodinated fatty acid analog and it has a
methyl group in theB-3 position. The B-methyl side-

The extraction, retention, and percentage washout in theanched structure does not affect conversion of BMIPP to
early phase are shown in Figure 1. Extraction of BMIPP dialcyl coenzyme A but reduces its susceptibilityB@xida-

(%)
100 4
80 4

60 1 -GrouB A

EGroup B

40 - OGroup C
20 4

0 - T 1 _—
Extraction (30 sec) Retention (30 min) % Washout (8 min)
*p < 0.05 vs Group C
**p < 0.01 vs Group C

FIGURE 1. Extraction, retention, and percentage washout of BMIPP. Extraction and retention of 1-wk dogs (group A) were almost
equivalent to that of control dogs (group C). Extraction of 4-wk pacing dogs (group B) was lower than that of control dogs (group
C), but it did not reach statistical significance. Retention of 4-wk pacing dogs (group B) was significantly lower than that of control
dogs (group C). Percentage washout of groups A and B was significantly higher than that of group C.
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FIGURE 2. Percentage washout values of radioactive metabolites from myocardium. In groups A and B, levels of a-oxidation
metabolite (14-(p-iodophenyl)-2-(a)-R,S-methyltetradecanoic acid) and full-oxidation (2-(p-iodophenyl)acetic acid) and intermediate
metabolites were significantly lower than that of group C. Level of backdiffusion of nonmetabolized BMIPP of groups A and B was
significantly higher than that of group C.

tion. Therefore, BMIPP is long trapped in the myocardiunasymptomatic left ventricular dysfunction described by
permitting metabolic imaging with SPECB,0). We have Redfield et al. 22). Four-week pacing produced overt CHF,
reported several animal studies using the same methodhasnodynamically corresponding to subset IV of Forrester et
that used in this study/¢13. In a study using etomoxi8}, al. (20) in humans. This study showed thatoxidation of
which is one of the carnitine palmitoyltransferase | inhibiBMIPP was inhibited and that backdiffusion of BMIPP
tors and inhibits the transport of long-chain lipids into théncreased in the stage of early left ventricular dysfunction.
mitochondria, we showed that early washout and backdifhis finding suggests that fatty acid metabolism in the
fusion of BMIPP increased angtoxidation of BMIPP was mitochondria was inhibited in the early phase of cardiac
inhibited, suggesting that BMIPP was suitable for assessidgsfunction, but the extraction and retention of BMIPP did
mitochondrial dysfunction. This study also showed thatot change significantly, suggesting that incorporation in
early washout and backdiffusion of BMIPP increased arile endogenous lipid pool was not impaired in this phase. In
that 3-oxidation of BMIPP was inhibited at 1 and 4 wk aftercontrast, extraction of BMIPP tended to decrease and reten-
pacing, suggesting that mitochondrial dysfunction in thigon of BMIPP decreased significantly in the stage of overt
myocardium occurred in the early phase of left ventriculdreart failure. These findings suggested that the energy store
dysfunction and continued until the advanced stage of heag triglyceride and the uptake of fatty acid into myocardium
failure. We have also shown that the uptake of BMIPBecreased. Hence, the myocardium was in an energy-defi-
correlated well with the lipid metabolism and tissue ATRient condition in the final stage of heart failure.
levels using the ischemic model, proving useful for differ- The precise mechanisms responsible for the contractile dys-
entiating infarcted myocardium from viable ischemic myofunction and structural changes of pacing-induced heart failure
cardium Q). In this study, we found that the myocardialare not known. Several mechanisms have been prop23gd (
uptake of BMIPP was severely inhibited, suggesting deayocardial energy depletion and impaired energy use, myo-
creased myocardial energy production by fatty acids.  cardial ischemia, abnormalities of cardiac calcium regulation,
Pacing-induced heart failure was first described kgnd myocyte and extracellular matrix remodeling. Wilson et al.
Whipple et al. 21) in 1962. Although these investigators(16) reported that acute and chronic pacing were associated
initially devised this model to mimic tachycardia-inducedvith persistently elevated coronary blood flow with no signif-
cardiomyopathy in humans, it has been used increasinglyieant change in myocardial lactate ang @traction—that is,
a well-established, fairly noninvasive model that has prover evidence of ischemia. In this study, we also found that
to produce a stable and chronic state of low-output, bivemyocardial blood flow and myocardial lactate consumption did
tricular, edematous heart failuré4—17. By varying the not change between group A and group B. This showed that
pacing protocol, different severities and stages of heamyocardial ischemia was not found in this model. Results of
failure can be induced. In this study, ventricular pacing atthis study suggest that the myocardial fatty acid metabolism in
rate of 220 bpm continued for 1 and 4 wk. The 1-wk pacinthe mitochondria might be inhibited in the early phase of
model was thought to correspond to a model of earbardiac dysfunction and that the uptake and energy store might
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decrease in the overt heart failure stage. Therefore, the my@_Wittels B, Spann JF Jr. Defective lipid metabolism in the failing heh@lin

. . . . Invest 1968;47:1787-1794.
cardial fatty acid metabolism mlght be closely related to Cars_‘. Taegtmeyer H. Energy metabolism of the heart: from basic concepts to clinical

diac dysfunction. Sack et a4) found that, although medium-  appjications Curr Prob Cardiol 1994;19:57-116.
chain acyl coenzyme A dehydrogenase (the key enzyme in theFeinendegen LE, Henrich MM, Kuikka JT, et al. Myocardial lipid turnover in

fatty acidB-oxidation) messenger RNA levels were downregu- dilated cardiomyopathy: a dual in vivo tracer approathucl Cardiol 1995;2:
42-52.

lated in hypertrophy and heart failure stage_s in SHHF_/MC%. Knapp FF Jr, Kropp J. lodine-123-labeled fatty acids for myocardial single-
facp rats, the enzyme activities and protein levels did not photon emission tomography: current status and future perspedues. Nucl

decrease significantly until heart failure ensued. These resultgVied 1995:22:361-381. _ _ _
Fujibayashi Y, Yonekura Y, Kawai K, et al. Basic studies on |-R28ethyl-p-

. . . 6.

indicate that a gene-regulatory Pathway is involved in the iodophenylpentadecanoic acid (BMIPP) for myocardial functional diagnosis:
control of cardiac energy production during the development effect of beta-oxidation inhibitodpn J Nucl Med 1988;25:1131-1135.

of heart failure. Such a pathway might reflect the metaboli@ Fuiibayashi Y, Nohara R, Hosokawa R, et al. Metabolism and kinetics of

. . . . iodine-123-BMIPP in canine myocardiurd.Nucl Med 1996;37:757-761.
Change of BMIPP in this StUdy' How Impalrment of myocar 8. Hosokawa R, Nohara R, Fujibayashi Y, et al. Metabolic fate of iodine-123-

dial fatty acid metabolism induces cardiac dysfunction is un- gmipp in canine myocardium after administration of etomosirNuc! Med
clear. However, Kelly and Strauss have documented that de-1996:37:1836-1840.

; ; ; : ; 9. Nohara R, Okuda K, Ogino M, et al. Evaluation of myocardial viability with
fects in the transport, mitochondrial uptake, @quIdatlon of iodine-123-BMIPP in a canine model.Nucl Med 1996;37:1403-1407.

Iong-chain fatty acids cause Cardiomyopathy in infants a@g{ Hosokawa R, Nohara R, Fujibayashi Y, et al. Myocardial kinetics of iodine-123-
children @5); thus, impairment of myocardial fatty acid me-  BMIPP in canine myocardium after regional ischemia and reperfusion: implica-

tabolism might be one of the mechanisms responsible for hegrttions for clinical SPECTJ Nucl Med 1997;38:1857-1863.
11. Nohara R, Hosokawa R, Hirai T, et al. Effect of metabolic substrate on BMIPP

failure. metabolism in canine myocardiurd.Nucl Med 1998;39:1132-1137.
Sudden cardiac death accounts f680%—50% of total 12. Hosokawa R, Nohara R, Fujibayashi Y, et al. Myocardial metabolisi#3f
mortality in patients with heart failure. AIthough ventricular BMIPP in a canine model with ischemia: implications of perfusion-metabolism
. . mismatch on SPECT images in patients with ischemic heart disé&kecl Med
arrhythmias are responsible for most of these deaths, the,ggo.,0.471 475
underlying mechanisms remain poorly understdefy).(Re- 13. Nohara R, Hosokawa R, Hirai T, et al. Basic kinetics of 15-(p-iodophenyl)-3-
p0|arizati0n abnormalities, enhanced dispersion of repolar- R,S-methylpentadecanoic acid (BMIPP) in canine myocardimtnJ Card Im-

. . " aging 1999;15:11-20.
ization, and reduced outward*Kcurrents are some of the14. Riegger AJ, Liebau G. The renin-angiotensin-aldosterone system, antidiuretic

proposed mechanisms. Pak et @7)(showed that pacing- hormone and sympathetic nerve activity in an experimental model of congestive
induced heart failure exhibited malignant arrhythmia and heart failure in the dogClin Sci 1982;62:465-469.

; ; s + A5 Armstrong PW, Stopps TP, Ford SE, De Bold AJ. Rapid ventricular pacing in the
_sudden cardiac (_jeath_' ThI_S ﬂndmg Sugge_StS that paC"J@ dog: pathophysiologic studies of heart failu@rculation. 1986;74:1075-1084.
induced heart failure is suitable for StUdymg the meCh@G. Wilson JR, Douglas P, Hickey WF, et al. Experimental congestive heart failure
nisms and therapy of sudden cardiac death in heart failureproduced by rapid ventricular pacing in the dog: cardiac effeCtsculation.
and that impairment of the myocardial fatty acid metabo- 1987:75:857-867. _ _ o
. . . .17. Damiano RJ, Tripp HF, Asano T, et al. Left ventricular dysfunction and dilatation
lism mlght be related to the mechanism of sudden cardiac resulting from chronic supraventricular tachycardialhorac Cardiovasc Surg
death in heart failure. In fact, Bonnet et &8 reported a 1987;94:135-143.
series of 24 children in whom arrhythmias or conductiots- Hale SL, Alker KJ, Kloner RA. Evaluation of non-radioactive, colored micro-

. . . spheres for measurement of regional myocardial blood flow in doigsulation.
defects were the predominant presenting symptom of vari- 1088:78:428 434,

ous fatty acid oxidation disorders. 19. Folch J, Lees M. Proteolipids, a new type of tissue lipoproteirBiol Chem
1951;191:807-817.
CONCLUSION 20. Forrester JS, Diamond G, Chatterjee K, et al. Medical therapy of acute myocar-

In the early ventricular dysfunction stage, washout in the ‘i‘;;é”_fir;éf” by application of hemodynamic subséisEngl J Med 1976;295:

early phase and backdiffusion of BMIPP increased ar}d. Whipple GH, Sheffield LT, Woodman EG, et al. Reversible congestive heart
B-oxidation of BMIPP decreased. In addition, in the overt failure due to chronic rapid stimulation of the normal he&toc N Engl
H H Cardiovasc Soc1962;20:39-40.
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