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Understanding the metabolic consequences of heart failure is
important in evaluating potential mechanisms for disease pro-
gression and assessing targets for therapies designed to im-
prove myocardial metabolism in patients with heart failure. PET
is uniquely suited to noninvasively evaluate myocardial metab-
olism. In this study, we investigated the kinetics of 14(R,S)-
['8F]fluoro-6-thia-heptadecanoic acid (FTHA) and ['8F]FDG in
patients with stable New York Heart Association functional
class Il congestive heart failure and a left ventricular ejection
fraction of no more than 35%. Methods: Twelve fasting patients
underwent dynamic PET studies using ['®F]JFTHA and FDG.
From the dynamic image data, the fractional uptake rates (K)
were determined for ['8FJFTHA and FDG. Subsequently, serum
free fatty acid and glucose concentrations were used to calcu-
late the myocardial free fatty acid and glucose uptake rates,
respectively. Uptake rates were compared with reported values
for ['8F]FTHA and FDG in subjects with normal left ventricular
function. Results: The average K; for ['8F]FTHA was 19.7 + 9.3
mL/100 g/min (range, 7.2-36.0 mL/100 g/min). The average
myocardial fatty acid use was 19.3 = 2.3 mmol/100 g/min. The
average K; for FDG was 1.5 = 0.37 mL/100 g/min (range,
0.1-3.3 mL/100 g/min), and the average myocardial glucose use
was 12.3 = 2.3 mmol/100 g/min. Conclusion: Myocardial free
fatty acid and glucose use in heart failure can be quantitatively
assessed using PET with ['®F]JFTHA and FDG. Myocardial fatty
acid uptake rates in heart failure are higher than expected for
the normal heart, whereas myocardial glucose uptake rates are
lower. This shift in myocardial substrate use may be an indica-
tion of impaired energy efficiency in the failing heart, providing a
target for therapies directed at improving myocardial energy
efficiency.
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Congestive heart failure is a progressive disorder char-
acterized by a gradual deterioration of left ventricular func-
tion, often in the absence of any definable cardiac events.
The mechanisms involved in the progression of heart failure
are not well understood but are believed to be, in part,
related to alterations in myocardial energy metabolism. In-
creased adrenergic tone in the setting of heart faillly@@t
only exerts a direct toxic effect on the myocy®) put also
causes unfavorable changes in myocardial energy3+€s.(
Increased wall stress and oxygen demand result in increased
myocardial oxygen consumption in heart failu.(At the
same time, myocardial energy efficiency is reduced, with
wasteful cycling of free fatty acids through lipolysis and
re-esterification and suppression of the more energy-effi-
cient metabolism of glucose (5,7).

The purpose of this study was to noninvasively evaluate
alterations in myocardial fatty acid and glucose metabolism
in nonischemic myocardial segments of patients with stable
New York Heart Association functional class Il heart fail-
ure and dilated cardiomyopathy. We used PET and a novel
metabolic tracer, 14(R,S)éF]fluoro-6-thia-heptadecanoic
acid (FTHA), to assess myocardial fatty acid use and
[®F]FDG to assess myocardial glucose use. We hypothe-
sized that free fatty acid uptake would be increased and
glucose uptake suppressed in patients with heart failure.
Enhanced FF]JFTHA uptake reflective of increased fatty
acid metabolism and low FDG uptake reflective of reduced
glucose metabolism would support the hypothesis that sub-
strate-specific alterations occur in myocardial metabolism in
the setting of heart failure.

MATERIALS AND METHODS

Patient Population

This study was reviewed and approved by the human subjects
committees at the University of Wisconsin-Madison and William
S. Middleton Memorial Veterans Hospital. Twelve patients were
recruited from the University of Wisconsin Hospital and Clinics
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TABLE 1 injection. Radiochemical purity was analyzed by reverse-phase
Patient Characteristics HPLC with an analytical C-18 column (Alltech; 3m, 150X 4.6
mm). Radioanalytic thin-layer chromatography was used to con-
Characteristic Value firm radiochemical purity using silica plates and the mobile-phase
Mean age = SEM (y) 64 + 14 70:30:1 hexane:ethyl acetate:acetic acid.
Cause of heart failure
(ischemic/nonischemic) 10 patients/2 patients FDG Production
Mean rate pressure product = SEM FDG was produced using a microwave cavity—based adaptation
(bpm and mm Hg) 9,180 = 459 of the Hamacher synthesis using the 1,3,4,6,-t@4acetyl-2-O-
Patients taking ACE inhibitor (%) 91.7 (11/12) trifluoromethanesulfonyB-o-mannopyranose (mannose triflate)
Patients taking digoxin (%) 91.7 (11/12) precursor (10). The radiochemical purity of the final product was
Patients taking cholesterol-lowering determined by HPLC using an NHtolumn (Alltech; 10um,
agent (%) 50 (6/12) 250 X 4.6 mm, 80:20 acetonitrile®, 2.0 mL/min). Radioana

Mean left ventricular ejection fraction

© SEM (%) 044+ 91 lytic thin-layer chromatography was used to quantita®€]fluo-

ride in the final preparation (silica plates, 80:20 acetonitrj@}

ACE = angiotensin-converting enzyme. PET Procedure
For this study, patients completed 8f[FTHA and FDG PET
scan on consecutive days under identical conditions (Fig. 1). After

and the William S. Middleton Memorial Veterans Hospital (Tabl@n Overnight fast (9-14 h), patients gave a brief history and
1). All patients gave informed consent. The patients had a |éﬂ1derwent physical .examlnatlon. Intravenous access was obtained
ventricular ejection fraction of no more than 35% and stable Ne{t/th 20-gauge Angiocath cannulae (BD Infusion Therapy Sys-

York Heart Association functional class Il congestive heart failurfEMS: Sandy, UT) placed in the dorsum of the right hand and the

at least 3 mo before the study. Active treatment with an angiote'ﬁft antecubital fossa. Sequential arterialized venous blood samples

sin-converting enzyme inhibitor (if tolerated) and digitalis (unles‘é’ere drawr_l frqm the right hand, which was in a hand_warmer, for
contraindicated) were required. No patient was takigdreno- the determination of serum glucose and free fatty acid concentra-
receptor blocking agents at the time of the study. Exclusion critef{@"S at the beginning, midpoint, and completion of PET scanning.
included a history of diabetes, severe or unstable angina, recgffUm catecholamine samples were drawn just before PET scan-

myocardial infarction (<3 mo), and active alcohol or drug abus@Ng: With patients supine after 30 min of resting. Serum blood
samples were stored at700°C until analyzed. Patients were

['®FIFTHA Production positioned supine in the Advance PET scanner (General Electric
Nucleophilic aqueous §F]fluoride was produced using theMedical Systems, Milwaukee, WI) for a whole-body tomograph
11.4-MeV, 6- to 8-mm proton (only) beam, full width at halfusing a 15.6-cm axial field of view, 35 slices, and 3.8-mm in-plane
maximum, from the RDS 112 cyclotron (CTI, Knoxville, TN) andresolution. After optimization of subject positioning for visualiza-
the high-pressure gold—silver or silver bodi?Q]H,O targets tion of the entire heart, transmission scanning was performed for
described in detail elsewhere (8):*H]FTHA was synthesized 15 min using three rotatinéfGe pin sources.
through an aminopolyether-supporteg2Snhucleophilic substitu For the [8F]FTHA scans, patients received a programmed in
tion reaction using the tosylated precursor &)-tosyloxy-6-thia- fusion of 92.5 MBq [8F]JFTHA during 10 min from a syringe
heptadecanoate (9)!8F]FTHA was purified by reverse-phasepump (Harvard, Cambridge, MA) using a standard 10-mL dispos-
high-performance liquid tomography (HPLC) on a 2804.6 mm able syringe. For the FDG scans, patients received a 370-MBq
C-18 column (Alltech, Deerfield, IL) using a methanol:waterbolus infusion of FDG. Dynamic imaging for both studies was
acetic acid (88:2:0.4) mobile phase at a flow rate of 5 mL/min. Theerformed with a frame rate of 2 min for five scans, 5 min for six
eluent was diluted 1:1 with sterile water and loaded onto;@ Cscans, and 10 min for one scan. After injection of tracer, approx-
SepPak (Waters, Milford, MA). The SepPak was eluted with 2 mimately 2 mL arterialized venous blood was drawn from the
sterile ethanol. After the ethanol was evaporaté®¥;]FTHA was heated-hand intravenous catheter to mea&¥#rectivity every 2
dissolved in 35 mL 3% human serum albumin. The final produatin for the first 20 min and every 5 min for the last 40 min of the
was passed through a 0.22-mm filter (Millipore, Bedford, MA) foscanning procedure. The samples were then placed on ice and

5 min frame number 10 min
i A
314|5 6 7 8 9 10| 11 12

FTHA

infusion
FIGURE 1. Schematic of imaging proto-
col. FDG was administered as bolus injec- l())(:llf;DG
tion, whereas ['8F]JFTHA was administered

as infusion.
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centrifuged. Standard aliquots of plasma were used to determmesly reported in the literature for healthy humans (14,15) was
the time course of radioactivity concentration. tested using an unpaired Studenést.P < 0.05 was considered

. . . statistically significant.
Biochemical Analysis

Norepinephrine and epinephrine levels were determined HESULTS
high-pressure liquid chromatography with electrochemical detec-
tion. Nonesterified free fatty acid levels were measured by speRatient Characteristics
trophotometric enzymatic assay (Wako Chemicals, USA, Inc., Two men with nonischemic cardiomyopathy and 10 men
Richmond, VA). Plasma glucose levels were measured by a glwith ischemic cardiomyopathy were recruited. The mean
cose oxidation assay (CX3-Delta Analyzer; Beckman Instrumenigft ventricular ejection fraction was 25% 6%. The med-
Inc., Brea, CA). ical therapy of all patients remained unchanged for the 3 mo
Region-of-Interest Definition before PET. The patients were receiving standard heart

For determination of myocardial radioactivity, o, @lliptical failure medications including angiotensin-converting en-
regions of interest were drawn within the myocardial border iAyme inhibitors (92%), digoxin (92%), and diuretics (92%).
three contiguous midventricular transaxial slices of each patiehtx patients (50%) were receiving hydroxymethylglutaryl
within nonischemic myocardial segments showing preserved caoenzyme A reductase inhibitors, and one (8%) was receiv-
tractility by echocardiography. PET myocardial transaxial slicésg gemfibrozil. One patient was receiving an angiotensin Il
were matched with apical long-axis echocardiographic wall segeceptor blocking agent (8%). No patients were receiving
ments to assess resting wall motion. B-adrenoreceptor blocking agents before PET.

Data Analysis Biochemical Data
Myocardial substrate uptake rates from the PET time coursejean serum glucose, free fatty acid, and catecholamine
data were estimated by graphic analysis (11). _The myocafdiﬁgncentrations for patients during®f]FTHA and FDG
uptake rates, or Kfor ["F]FTHA and FDG were first estimated scanning are shown in Table 2. No significant differences in
from the relation: ’ .
mean serum glucose or free fatty acid levels were seen
Ci(T) 5 Cdt during [*®F]JFTHA and FDG scanning, suggesting similar
C,(T) =R C,(T) +Va metabolic conditions during the procedures. The mean se-
_ _ S rum catecholamine concentrations were within the normal
where G is the myocardial radioactivity and ds the plasma range of 123—671 pg/mL Mean serum free fatty acid levels
[*8F]FTHA or FDG radioactivity concentration at time T. Plots o ere significantly elevated (1.0+ 0.08 mmol/L [normal
Ci(T)/Cy(T) versus[Cy(T)dt/C,(T) were fitted to straight lines by rafr}ge 0.40-0.66 mmol/L])16). The mean glucose con-
st-fity 7 ’ ;

conventional least squares methods, and the slopes of the be trati | (55 03 L |
lines were taken as estimates of Kor the FDG studies, Kvas centration was normal (5. .3 mmol/L [normal range,
9-6.1 mmol/L]).

calculated using the last five dynamic image frames and an uncgr
rected G. For the [8F]FTHA studies, three methods of calculatingpgt Images and Kinetic Analysis for ['*F]FTHA

G were evaluated. First, Fn a subset of five pgtients, the input [1F]FTHA uptake was seen in the heart within 90 s after
function was corrected using the HPLC-determined metabollz?ﬁle start of the infusion and provided excellent delineation

fraction. Second, £was calculated using data uncorrected forf dial bord R tati d short-axi
[*8F]FTHA metabolites acquired during tracer infusion. Third, myocz_ir 'f’i orders. epresen a '_Ve summed short-axis
ocardial images at the midventricular level from one

generalized metabolite correction was calculated using the HPL@y_ > )
corrected data applied to the input function for each patient. Ratient are shown in Figure 2. A large inferolateral matched
values calculated using these three methods were compared.@tabolic defect is seen on botfH]JFTHA and FDG
significant difference was found between ¥alues using these images. Using data from regions of interest in three con-
three methods of measuring Cp. Consequently, the data talsgcutive slices, a typical time—activity curve féfH]FTHA
during the infusion were used to calculate the meaweiue. The from one patient is shown in Figure 3. The curve shows the
myocardial metabolic uptake rates (MURs) for each region of

interest were then calculated from the \lues by the formula:

PK, TABLE 2
MUR = ic Laboratory Values

where P is the plasma glucose or free fatty acid concentration and [PFIFTHA

LC is the lumped constant. The mean serum fatty acid and glucose ___Parameter FDG scan scan P

values obtained during PET were used for determination of P. Aserum glucose (mmol/L) 5.6 + 0.3 52 + 0.4 0.39

lumped constant of 0.67 was assumed for FDG (12), and 1.0 waSerum free fatty acid

assumed forlfF]JFTHA (13). (mmol/L) 1.01 £ 0.08 0.93+0.06 0.20
Serum catecholamine

Statistical Analysis (pg/mL) 480 = 40 470 = 77 0.41

Patients’ clinical and laboratory data are presented as mean
SD. Uptake rate data are presented as me&EM. The statistical 7\/ | + SEM
difference between MUR data in this study and MUR data previ- alues are mean = ’
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FIGURE 2. Representative short-axis re-
formatted summed ['8F]FTHA (top) and
FDG (bottom) images from same patient.

expected increased myocardial activity during the pravith K; values calculated using HPLC-correctegv@lues
grammed infusion, followed by the plateau of activity afte¢slope = 1.04 = 0.1, r = 0.97). In addition, a pooled
the 10-min infusion. No patient showed a decline imetabolite correction function was applied to data from all
myocardial activity after stopping the infusion, indicatindl2 patients. The comparison betweenpvdlues using this
that activity in the myocardial ROI represents trappecorrection function and uncorrected infusion data showed
[8F]FTHA. excellent correlation (slope 1.06+ 0.07,r = 0.98). Given
The K values calculated using uncorrecteg daita ob the small error introduced by the use of the generalized
tained during TF]JFTHA infusion showed good correlationfunction and the technical difficulty of the metabolite anal-
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FIGURE 3. Mpyocardial region-of-interest activity, total plasma activity, and metabolite-corrected time-activity curves after
['8F]FTHA infusion.
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FIGURE 4. Example of graphic analysis
Cp(t)dt / CP(T) plot for calculation of myocardial ['8F]FTHA
uptake rate K.

ysis, the final Kvalues were determined with uncorrectedion by Maki et al. (15) (1= 4.0 mL/100 g/minP = 0.01).
data obtained during§F]FTHA infusion. The fatty acid uptake rates (Fig. 5B) were also approxi-
For all patients, the graphic analysis plots were lineamately threefold higher in the current study than those

indicating tracer trapping in the myocardium (Fig. 4). Theeported by Maki et al. (5.8 1.7 umol/100 g/min,P <
average Kfor [*F]FTHA was 19.7+ 9.3 mL/100 g/min 0.001).

(range, 7.2—36.0 mL/100 g/min). The average fatty acid use

rate was 19.3- 2.3 umol/100 g/min. The Kand fatty acid PET Images and Kinetic Analysis for FDG

use rates forlfFJFTHA in individual patients are shown in  Because the patients were fasting, dynamic FDG im-
Table 3. The mean values are compared withvilues ages showed little myocardial uptake. Plasma radioactiv-
measured in two previous studies performed on fastiny curves for FDG showed the early peak and plateau of
human subjects using the sam#|[FTHA tracer (Fig. 54. radioactivity after a bolus injection. The average f&r
The measured Kin our patients was significantly greateDG was 1.5+ 0.37 mL/100 g/min (range, 0.1-3.3
than the K obtained in fasting healthy volunteers by EbemL/100 g/min), and the average glucose use was 12.3
et al. (14) (11.0= 2.0 mL/100 g/min,P < 0.01) and also 2.3 umol/100 g/min. The Kand glucose use rates for
significantly greater than the;Kobtained in patients with FDG in individual patients are shown in Table 3. The
coronary artery disease and preserved left ventricular furmean glucose uptake rate reported by Choi et &F) (

TABLE 3
Individual Patient Uptake Rates for ['8F]FTHA and FDG

Patient ['8F]FTHA K; ['8F]FTHA MUR FDG K; (mL/ FDG MUR

no. (mL/100 g/min) (wmol/100 g/min) 100 g/min) (wmol/100 g/min)

1 31.0 19.7 1.1 9.1

2 25.0 271 1.2 11.2

3 19.0 23.9 0.1 0.7

4 18.0 24.2 0.1 1.2

5 12.0 9.5 3.0 221

6 7.2 7.9 1.1 8.2

7 36.0 27.2 3.3 21.8

8 19.0 12.9 1.0 7.2

9 12.0 10.2 3.0 23.8
10 12.0 16.1 0.5 3.4
11 12.6 13.1 2.6 26.5
12 32.0 39.3
Mean 19.7 19.3 1.5 12.3
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FIGURE 5. (A) Comparison of K; values C
for myocardial fatty acid uptake from this
study with K; values derived from two pub-
lished studies of normal human heart using
['8F]FTHA (74,15). (B) Comparison of myo-
cardial free fatty acid uptake rates from this
study with previous study using ['8F]FTHA

This Study

in normal human heart (15). (C) Compari- | S"'-Fasting ##
son of myocardial glucose uptake rates

from this study with previous study using 0 5 10 15 20 25 30 35 40
FDG in normal human heart (17). *P < 0.01; FDG MUR (umol / min / 100 g)

*P < 0.006; #P < 0.0005; ##P < 0.05.

(24 = 17 umol/100 g/min) was also twice the rate westant (K), suggesting that fractional myocardial fatty acid

found (P < 0.05; Fig. 5C). uptake and use are also increased in heart failure.
The conclusions of this study depend on the biokinetics of
DISCUSSION the [¥F]JFTHA tracer, a radiolabeled long-chain fatty acid

Fatty Acid Uptake Imaging analog. Initial studies showed thé?F[]FTH_A is _a_metaboli

To our knowledge, this study is the first to evaluatéa”y trapped tracer (19). The rate of radmapnw_ty accumula-
alterations in myocardial fatty acid use in patients with hea#n of [*FJFTHA is believed to reflect thg-oxidation rate of
failure using [BF]JFTHA. Our main finding is that myocar long-chain fatty acids. DeGrado et al. (19), using mice, showed
dial fatty acid uptake in nonischemic regions as measuré 87% decline in myocardiat®FJFTHA uptake after treat
by [18F]JFTHA in patients with heart failure is significantly ment with the carnitine palmitoyl-transferase | inhibitor 2[5(4-
higher than that found in fasting healthy volunteers in twhlorophenyl)pentyljoxirane-2-carboxylate, an agent known to
previous studiesl,15). The previous studies showed iderRlock free fatty acidd-oxidation. Stone et al. (20) evaluated
tical mean K values, 11.0 mL/100 g/min, supporting thd ‘*FIFTHA extraction in pigs under various metabolic condi
reproducibility of [8F]JFTHA-derived measurements. Thetions and showed a decline itfff]JFTHA extraction fraction
mean K value found in our patients is significantly highethat paralleled the decline fti-palmitate measureg-oxida
than that found by either prior study. The metabolic uptaki®n during lactate infusion but not during hypoxia. Trapping
rate for [8F]JFTHA in our study was also significantly @hd minimal backdiffusion of the label witheFJFTHA ad
higher than the rate calculated by Maki et dl5) for the Ministration has allowed quantitative assessment%f|f-
normal human heart. All patients had myocardial uptakEHA tracer uptake and quantitation gfoxidation rates in a
rates for [BFJFTHA that were greater than the mean myomanner similar to FDG studies for determining glucose phos-
cardial uptake rates reported by Maki et al. Our findingghorylation rates.
agree with those of Paolisso et al. (18), who used indirect[**F]FTHA was developed to noninvasively measure al
calorimetry to show increased myocardial fatty acid oxidderations in myocardial substrate use. One potential use of
tion and decreased myocardial glucose oxidation in patieiifés tracer is to evaluate the metabolic consequences of heart
with heart failure. failure and, ultimately, to assess therapies designed to

Serum free fatty acid concentrations in our patients wet@prove energy metabolism. Other PET radiotracers have
also elevated and higher than concentrations reported gviously been used for this purposéiCJacetate, for
Maki et al. (15) (1.01*+ 0.08 umol/mL versus 0.56- 0.80 example, has been successfully used to evaluate overall
wmol/mL). This expected finding is consistent with previmyocardial oxidative metabolism in patients with heart fail-
ous studies showing elevated serum free fatty acids in heare, with myocardial oxidative metabolism decreasing after
failure (18). This increase in serum free fatty acid concethe use ofB-adrenergic blockade (21). The advantage of
trations could partly explain the higher calculated fatty acid®F]FTHA and FDG tracers is the ability to assess changes
metabolic uptake rates seen in our study. However, we alsospecific myocardial substrate use, as opposed to overall
found an increase in the meafff{]FTHA uptake rate con myocardial energy metabolism with!'Clacetate.
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Tracers have also previously been used to evaluate mymd use of free fatty acids by the hed&fq). Enhanced gene
cardial free fatty acid metabolism noninvasiveB2}J. The expression of several rate-limiting enzymes in fatty acid
radioiodinated fatty acid 15¢iodophenyl)-3-(R,S)-methyl oxidation and suppressed gene expression of the rate-limit-
pentadecanoic acid has been the most extensively studied; enzyme for glucose oxidation has been shown in heart
however, it may have reduced sensitivity fBroxidation failure (4). Shifts in myocardial fatty acid and glucose use
rates as a result of incorporation of tracer label into compleway be an important mechanism for the impaired efficiency
lipids (23). F'Clpalmitate has been used to evaluate fatiyf the failing heart and a target for specific therapies de-
acid B-oxidation quantitatively using dynamic PET imagingsigned to improve energy efficiency and decrease overall
(24) but is complicated by tracer backdiffusion and trappingnergy requirement$8(34). The use of PET with metabolic

of tracer in intermediary lipid pool26). trapped tracers, as shown in this study, is uniquely suited to
. assess alterations in myocardial substrate use noninvasively
FDG Imaging .
in_humans.

Glucose use was expected to be low in our patients, given
the known preference of the heart for fatty acid oxidation iNyocardial Metabolism and Contractility
the fasting state. Additionally, myocardial insulin resistance Several investigators have shown a link between myocar-
has been shown in heart failur2g) and correlates with the dial energy metabolism and impaired heart function. Myo-
severity of heart failure independent of the presence oérdial energy efficiency in heart failure declines and is as
coronary artery diseas@¥). In our study, the fasting statelow as 15%, whereas in healthy volunteers or patients with
was used to assess both fatty acid and glucose uptake ra@®nary artery disease without heart failure it is as high as
under similar, controlled, and stable physiologic metabol#&0% (35). Inhibition of fatty acid oxidation using etomoxir
conditions. Similar to previous studie2g;29), we found a (an inhibitor of mitochondrial carnitine palmitoyl trans-
wide variation in myocardial FDG uptake, which can béerase | activity) has been shown to prevent contractile
explained by the low count statistics for FDG in our studgysfunction, shift myosin heavy-chain isozyme fr@gnto
and the influence of differing serum catecholamine, insulia-myosin, and prevent deterioration in the sarcoplasmic
glucose, and fatty acid levels in our patients. The mean FD:&iculum C&* handling (36,37)8-blockade with metopro
uptake rate in our patients was significantly lowe& € ol has also been shown to inhibit carnitine palmitoyl trans-
0.05) than reported in fasting healthy volunteers by Choi tdrase | activity (38) and may explain the beneficial effects
al. (17) (24.0+ 17.0 umol/100 g/min) (Fig. 5C). Despite of this therapy on myocardial energy metabolisg). (An
this variability, all patients but one had a myocardial FD@nprovement in myocardial efficiency has been shown us-
uptake rate that was lower than that found by Choi et ahg dichloroacetate to stimulate pyruvate dehydrogenase,
(Table 3). Our results also agree with those of Paolisso et@dsulting in inhibition of fatty acid oxidation and stimulation
(18), who found glucose metabolism to be lower in headf glucose and lactate consumption by the he3®).(The
failure patients than in healthy volunteers. As expectemprovement in energy metabolism resulting from these
glucose use is not completely abolished in heart failurtherapies may be an important target for therapeutic inter-
given the requirement for myocardial glucose oxidation teentions in the treatment of heart failure. PET using FDG
replenish necessary Krebs cycle intermediaB&y.( and [8F]FTHA, as shown in this study, is capable of quan
titatively determining the metabolic condition of the heart.
These tracers can be valuable tools in the assessment of

Chronic activation of the adrenergic and renm_ang'Otepr_eatments designed to improve heart failure progression by

sin systems in heart failure results in an unfavorable shift N ci ; . I
. . . . arfecting myocardial energy metabolism. In addition, the
myocardial energy metabolism and futile cycling of free

fatty acids through lipolysis and reesterification, resulting evaluation of the beneficial metabolic effects of therapies

a net reduction in myocardial energy efficienc-5,31) Rhown to be successful in the treatment of heart failure,
Ultimately, as proposed by Kat32), the failing heart such asB-blockade, can help to define mechanisms for the

becomes an energy-starved heart. Under normal fastﬁ:wl'gmcal benefits of these agents.

conditions, exogenous fatty acids are the preferred me8tudy Limitations

bolic substrate of the heart, accounting for 60%—70% of the The patients recruited for this study were not a homoge-
energy production (31). Fatty acid oxidation, however, iseous population and included individuals with both is-
known to require more oxygen per unit of mechanical worghemic and nonischemic cardiomyopathy. Despite these
performed than glucose and is therefore a less energlfferences, the mean ;Kfor patients with nonischemic
efficient substrate5(7). Fatty acid oxidation yields only 2.8 cardiomyopathy was similar to that for patients with is-
mol adenosine triphosphate per mole of nonesterified freeemic cardiomyopathy (21.6 versus 19.3 mL/100 g/min).
fatty acid consumed (respiratory quotient, 0.7), compar&econd, regions of interest were drawn in presumably non-
with glucose and lactate, which yield 3.0-3.2 mol adenagschemic myocardial segments. Blood flow in our patients
sine triphosphate per mole of glucose or lactate consumeéds not evaluated, and therefore, differences in regional
(respiratory quotient, 1.0)3B). Elevation of serum cat- myocardial [(F]JFTHA and FDG uptake related to varia
echolamines in the setting of heart failure stimulates releatsens in blood flow were not assessed. Acute reductions in
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myocardial blood flow precipitating myocardial ischemia4. Ebert A, Herzog H, Stocklin GL, et al. Kinetics of 14 (Rj-fluoro-6-

heptadecanoic acid in normal human hearts at rest, during exercise, and after
can alter substrate use and may affect our results. However,dipyri damole injectionJ Nucl Med.1994;35:51-56,

this effect is Un"kely tobea major factor in our StUdYa givea5, Maki MT, Haaparanta M, Nuutila P, et al. Free fatty acid uptake in the myocar-
that patients were required to be receiving stable medical dium and skeletal muscle using fluorine-18-fluoro-6-thia-heptadecanoic acid.

therapy for at least 3 mo before study entry and were J Nucl Med.199839:1320-1327. A , ‘
. . L. 6. Zambon A, Hatfield B, Budinger TF. Analysis of techniques to obtain plasma for
excluded if they reported symptoms of angina. Addltlona”y! measurement of levels of free fatty acidsLipid Res.1993;34:1021-1028.

[®F]FTHA and FDG uptake were evaluated in segments. Choi Y, Brunken R, Hawkins R, et al. Factors affecting myocardial 2-[F-
with normal contractility by echocardiography, avoiding 18]fluoro-2-deoxy-D-glucose uptake in positron emission tomography studies of

ts that Id tentially h isch . t . normal humansEur J Nucl Med.1993;20:308-318.
segments at cou potenually have ischemic s unnlng._ Paolisso G, Gambardella A, Galzerano D, et al. Total-body and myocardial

Results from the myocardial segments we selected in our substrate oxidation in congestive heart failuvtstabolism.1994;43:174-179.
patients may not reflect overall myocardia| fatty acid ant®- DeGrado TR, Coenen HH, Stécklin G. 14(R!%)-fluoro-6-thiaheptadecanoic

. . acid (FTHA): evaluation in mice of a new probe of myocardial utilization of
glucose uptake. Third, PET studies were not performed on long-chain fatty acids) Nucl Med.1991:32: 18881896

a control population, and this lack may affect the strength 64. stone ck, Pooley RA, DeGrado TR, et al. Myocardial uptake of the fatty acid
our observations. However, two previous studies on sub- analog 14¥F-fluoro-6-heptadecanoic acid (FTHA) in comparison to beta-exida

H ; ; B ; tion rates by tritiated palmitatel. Nucl Med.1998;39:1690-1696.
JeCtS without heart failure have shown |dent|cal\1élues. 21. Beanlands RS, Nahmias C, Gordon E, et al. Beta blocker therapy improves

cardiac efficiency in patients with left ventricular dysfunction [abstraCijcu-
CONCLUSION lation. 1999;100:1-26.
. . . . 22. Corbett J. Fatty acids for myocardial imagii@min Nucl Med1999;29:237—
Kinetic analysis of BFJFTHA and FDG dynamic PET  osg.
images suggests that myocardial fatty acid uptake is increaggddeGrado TR, Holden JE, Ng CK, Raffel DM, Gatley SJ. Comparison of 16-

and myocardial qucose uptake is decreased in patients Withiodohexadecanoic acid (IDHA) and 15-p-iodophenylpentadecanoic acid (IPPA) me-
tabolism and kinetics in the isolated rat he&r J Nucl Med.1988;15:78—80.

heart failure. These PET tracers prowde a way to assess Zm.%chelbert HR, Henze F, Sochor H. Effects of substrate availability on myocardial

metabolic state of cardiac myocytes in heart failure patients c-11 paimitate kinetics by positron emission tomography in normal subjects and

before and during pharmacologic interventions. patients with ventricular dysfunctiom Heart J.1986;111:1055-1064.
Veerkamp JH, Van Moerkerk HTB, Glatz JFC, Zuurveld JGEM, Jacobs AEM,

Wagenmakers AJIM}CO, production is not adequate measure YC] fatty

acid oxidation.Biochem Med Metab Bioll986;35:248-259.

Paternostro G, Camici PG, Lammerstma AA, Marinho N, Baliga RR. Cardiac and

skeletal muscle insulin resistance in patients with coronary heart disk&ie.

Invest.1996;98:2094 -2099.

Swan JW, Anker S, Walton C, et al. Insulin resistance in chronic heart failure:

relation to severity and etiology of heart failur&. Am Coll Cardiol.1997;30:

527-532.

Berry JJ, Baker JA, Pieper KS, Hanson MW, Hoffman JM, Coleman RE. The effect

of metabolic milieu on cardiac PET imaging using fluorine-18-deoxyglucose and

nitrogen-13-ammonia in normal volunteedsNucl Med.1991;32:1518-1525.

Gropler RJ, Siegel AL, Moerlein SM, Perry D, Bergmann SR, Geltman EM.

Nonuniformity in myocardial accumulation of fluorine-18-fluorodeoxyglucose in

normal fasted humang. Nucl Med.1990;31:1749-1756.
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