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Extraction of Long-Chain Fatty Acids in Isolated
Rat Heart During Acute Low-Flow Ischemia

Wolf-S. Richter, Steffen Fischer, Nicole Ernst, and Dieter L. Munz

Clinic for Nuclear Medicine, University Hospital Charité, Humboldt University of Berlin, Berlin, Germany

Although B-oxidation of fatty acids is suppressed rapidly during
ischemia, the behavior of fatty acid extraction at different flow
rates is incompletely understood. This study assessed the re-
lationship between flow and extraction of 23|-iodophenylpenta-
decanoic acid (IPPA) in the isolated heart model, especially at
low flow. Methods: Isolated hearts from male Wistar rats (n =
15) were subjected to retrograde perfusion with constant flow
(Krebs Henseleit solution containing 10 mmol/L glucose). A
latex balloon in the left ventricle allowed isovolumetric contrac-
tions and ventricular pressure measurements. The extraction of
123]-|PPA was assessed with the indicator dilution technique and
99mTc-albumin as the intravascular reference. The flow was ei-
ther increased from the control flow (8 mL/min) until 300% or
reduced until 10%. '23I-IPPA extraction was measured three
times before and 10 min after flow alteration. The tracer uptake
was estimated from the product of net extraction and flow.
Results: The mean '23|-|IPPA extraction at the control flow (third
measurement) was 51.6% * 2.8%. Between flow rates of ap-
proximately 25% and 300%, '23I-IPPA extraction increased ex-
ponentially at decreasing flow rates. At flow rates =25% of the
control flow, 123|-IPPA extraction was exponentially higher than
predicted. '23I-IPPA uptake and flow changed largely in parallel.
During low flow, the rate-pressure product showed the ex-
pected decline (perfusion—contraction matching). Conclusion:
The extraction of 23|-IPPA is preserved and slightly increased
(relative to flow) during acute low-flow ischemia.
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extraction and on regional myocardial blood flow. Informa-
tion about fatty acid extraction in different pathophysiologic
situations is limited, because most experimental studies
assessefl-oxidation and not extraction. Furthermore, con-
flicting results have been obtained in different studies,
showing both decreased and increased fatty acid uptake
relative to flow (1-4). Therefore, this study analyzed in the
isolated heart model the relationship between myocardial
flow and the extraction of the long-chain fatty acid analog
123-iodophenylpentadecanoic acid (IPPA), especially at low
flow, and obtained an estimate &fl-IPPA uptake at dif-
ferent flow rates.

MATERIALS AND METHODS

Preparation and Study Protocol

Male Wistar rats (weight range, 250-350 g) were anesthetized
with sodium thiopental (15 mg/100 g of body weight intraperito-
neally). The thorax was opened, and the heart was excised quickly,
placed on ice-cold saline, and perfused retrogradely according to
Langendorff after cannulation of the ascending aorta. Hearts were
perfused at a constant flow with a nonrecirculating, modified
Krebs—Henseleit solution containing (in mmol/L) NaCl (118),
KCI (4.7), CaC} (2.52), MgSQ (1.64), NaHCQ (24.88),
KH,PO, (1.18), and glucose (10) equilibrated with 5% £0
95% O, at 37°C. All chemicals and reagents were purchased
from Sigma-Aldrich (Deisenhofen, Germany). Perfusate was
filtered (0.2um) to prevent particulate matter from entering the
coronary circulation. A latex balloon filled with water was
introduced into the left ventricle and permitted continuous
pressure measurements. The balloon volume was adjusted to
obtain a left ventricular end-diastolic pressure of approximately

sufficient amount of high-energy phosphates is amm Hg.

prerequisite for contractile function of the heart. In contrast "€ roller pump used for retrograde perfusion of the hearts was

to other organs, the heart can use all available substrates$d
energy production. In this regard, fatty acids are of speci\/%f
importance, because they are the substrate used primza&fl

for oxidative metabolism (1).

ibrated before each experiment by determining the pumped
volume at different flow levels. During the experiments, the flow

s altered by adjusting the roller pump, and the flow rates were
Mtrolled by collecting venous outflow from the heart. Measured
flow rates and predetermined pumping rates were virtually identi-

The heart possesses only a limited capacity for the dg (0.1 mL).

novo synthesis of fatty acids. Therefore, the heart relies onafter preparation, all hearts were perfused at a flow rate of 8
the blood for the supply of fatty acids. The amount of fattynL/min for 20 min without intervention (stabilization phase), and
acids taken up by myocardial cells depends on fatty aditen!?3-IPPA extraction was measured 3 times at 15-min intervals
(baseline extraction). The flow rate of 8 mL/min resulted in a mean
aortic pressure of approximately 40 mm Hg. Fifteen minutes after
the third measurement, the flow was either reduced or increased,
and23-IPPA extraction was measured 10 min later at the altered
flow rate.123-IPPA extraction at the third baseline measurement
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was used as the reference for the assessment of effects dudrmssover (6.5% downscatter Bfl into the °*™Tc window), time,
intervention. Hearts were beating spontaneously during the whdlackground, and physical decay during the counting process. Each
experiment. At the end of the measurements, the hearts were t00-pL sample was measured for 60 s, and the mean activity at the
into 4 or 5 coronal slices and stained with 2,3,5-triphenyltetraztime of bolus passage was around 150,000 and 60,000 counts/min
lium chloride (tetrazolium red) (5,6). No heart showed macrosopia the °°"Tc and??3 windows, respectively.

evidence of severe myocardial damage (unstained segments). Normalized transport functions h(t) were calculated ¥&t-

. . IPPA and®*"Tc-albumin as follows:
Analysis of Capillary 23I-IPPA Exchange

123-IPPA extraction was measured according to the indicator A(t)
dilution technique described elsewhere (7-10). A tracer bolus h(t) = F<T0> Eq.1
consisting of 100 kBd?3-IPPA (diffusible tracer) and 100 kBq
99T c-albumin (vascular reference) was dissolved in doper- Where F is the flow in milliliters per minute, A(t) is the radioac-
fusate and added to the arterial inflow just above the heart. tity in disintegrations per minute (dpm) per milliliter at time t,
special aortic cannula consisting of two parallel glass tubes waBd Ay is the total injected activity in dpm. From the h(t) curves,
used for the bolus injection. By switching from one tube to than instantaneous extraction E(t) was obtained for each point:
other, radiolabeled substances could be added to the perfusate h(b),
without a change of flow rate (Fig. 1). To avoid adhesion of E(t)=1- b2
radiopharmaceuticals to the perfusion apparatus, any part coming h(O)an
into direct contact witht?3-IPPA or #¥"Tc-albumin was made of here h(thpa @and h(ty, are the normalized transport functions for
glass and pretreated with a silicone solution (Sigmacote; Sigmas_|ppa and®mTc-albumin, respectively.
Aldrich, Deisenhofen, Germany). The Renkin—Crone equation (11-13) can be used to determine

Venous outflow was collected for a total of 5 min. At the flowpe capillary permeability—surface area product, B&en that PS
rate of 8 mL/min, venous samples were obtained at 3, 6, 9, 12, lgpresents a unidirectional flux:

20, 25, 30, 45, 60, 90, 120, 150, 200, 250, and 300 s. Sampling
intervals were adapted to the flow rate during measurements at PS = —FIn(1 - E, ), Eq. 3
?xpzlzzv\\;vzg %%22?;23 ZtSIlzg, (;fo\ylesnoo’u:;%rgégeoé?olgla‘(el.g(.),’ 26\6‘|'ere Eaax IS the peak instantaneous extraction E(t) occurring up
250, and 300 s at a flow rate of 2 mL/min). Because multiplré) the peak of h(ab,' . S
consecutive measurements were performed on each heart, on-(le—he net extraction (), which reflects bidirectional t_racgr
venous sample was obtained immediately before injection of eve change, was calculated from the outflow curves as a time inte-
activity bolus, and subsequent samples were corrected for residglé'}l‘
activity. Venous samples were counted on an automgtealinter .
(1282 CompuGamma; Wallac, Turku, Finland). For discrimination f [h(t)ap — N(t);ppaldX
of 9"T¢ and'?3, energy windows were centered manually on the

. )

J’ h(t) aidh
0

peaks of both isotopes, and results were corrected for energy Enelt) =
* where\ is a dummy variable for integration and t is the time at
which 99% of the injected albumin activity had emerged in the
venous effluent. From the outflow curves, residue fractions R(t)
were calculated fot23-IPPA:

Eqg. 2

Eq. 4

Roller pump t
R(t) = 1—j h(\)dX. Eq. 5

300 pl 0

Net tissue tracer uptake, which is a function of tracer delivery
and E, was determined from the product of flow anghE

Uptakge = F X Eper. Eq. 6

For further analysis of tracer exchange over the capillary wall,
time curves of the log ratio fot*™Tc-albumin and?3-IPPA were
generated: In[(Gu(t)/Cipp(t)], Where Gi(t) and Gypt) are the
¢ concentrations in the venous outflow ¥fTc-albumin and23-
IPPA, respectively.

FIGURE 1. For application of tracer bolus at constant flow,

special aortic cannula was used, which consisted of two parallel Ragiopharmaceutic_als .
tubes. Arrows represent direction of flow. Tracer bolus of 300 3-IPPA was obtained from Cygne bv (Eindhoven, The Neth

pL was added to tube on left-hand side. By switching perfusion ~ erlands). According to the manufacturer’s information, the specific
from one tube to the other, bolus was administered to heart at ~ activity of *23-IPPA at calibration was>0.17 GBg/mg, and the
constant flow. total amount of IPPA injected with each activity bolus wa2 ng
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(radiochemical purity>95%). Before this study, we were able t
ascertain in separate experiments that the saturation of myocarfligh,
123-|PPA uptake does not occur at the doses and volumes used in
this study. ®°"Tc-albumin was prepared from a commerciall
available kit (albumoscint; duPont Pharmaceuticals, Bad Hoin- 1004 .
burg, Germany), and labeling efficiency wa®©8% in all prepa-
rations.

Rate Pressure Product [% of reference]

804
Left Ventricular Performance

The analog-to-digital conversion of signals from the pressufe
transducer connected to the latex balloon in the left ventricle was %7 .
performed using a data acquisition card compatible with a persopal
computer (PCL-818HD; Advantech Co. Ltd., Cincinnati, OH) ang
a conversion rate of 1,000 Hz. Data were processed using d€ di-*]

cated software (DaisyLab; Datalog GmbH, Ménchengladbagh, .

Germany). The left ventricular end-diastolic pressure (LVEDP), =20 '

left ventricular end-systolic pressure (LVESP), and heart rate wgre ° 20 40 60 80 100 120
obtained from the left ventricular pressure curve, and the diffgr- flow {% of reference]

ence between LVEDP and LVESP was calculated (left Ventricu'?FGURE 2.
developed pressure [LVDP]). The product of the heart rate agf,yeq expec
LVDP served as an index of myocardial work (rate—pressure

product). The measurements of the heart rate and LVDP were

performed immediately before injection of every activity bolus. |hterventions

During flow reduction, rate-pressure product
ted decline (perfusion—contraction matching).

Statisti As predicted by the principles of perfusion—contraction
atistics ) ] .
Data are given as the arithmetic meanSE. The differences matching (14), thg rate—pressure prpduct declilned during
between the groups were examined using the nonparamelfW flow and remained constant at high flow (Fig. 2). The
Mann-Whitney test. Statistical significance was assumedfer LVEDP did not change significantly during alteration of the
0.05. flow. The P$ product increased with increasing flow (Fig. 3
123-IPPA net extraction increased during flow reduction
RESULTS and decreased at flow rates above the control flow. The
relationship between flow anéP3-IPPA extraction was
Fifteen hearts were examined. The number of headsponential for flow rates between approximately 25% and
studied at specific flow rates during intervention is suUmma00% (flow percentages relative to the baseline flow). At
rized in Table 1. The mean heart weight at the end of thigw rates=25% of the baseline, the increase!fd-IPPA
experiments was 1.8 0.06 g. extraction was greater than predicted by an exponential

. relationship in all hearts. Figure 4 shows a semilogarithmic
Measurements at Baseline

The net extraction of?3-IPPA did not change signifi
cantly during the baseline phase and was 50:8%3.1%
(first measurement), 48.8% 3.7% (second measurement),  PSw[mi/g- min
and 51.6%+ 2.8% (third measurement). At the time of the
third measurement, the rate—pressure product was 12,00
1,500 mm Hg/min, the RSroduct was 3.7 0.24 mL/g- %1 ‘
min, and the LVEDP was 7.2 0.7 mm Hg.

O

TABLE 1 31
Number of Hearts Examined at Specific
Flow Rates During Intervention 2]

Flow rate during intervention*

]

10%-20%
20%-30%
50%
200%
300%

0 100 200 300 400

NN = 00N
(=2

flow [% of reference]

FIGURE 3. PS; product increased with higher flows (recruit-

*Percentage baseline flow (8 mL/min). ment of capillary surface)
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net Extraction {% of reference]
200

..‘.

704

60+

504

40

0 100 200 300 400

flow [% of reference}

FIGURE 4. Semilogarithmic plot of net extraction and flow.
Relationship between E,. and flow was exponential at flow
rates between approximately 25% and 300% (inserted line). At
lower flow rates, extraction was higher than predicted by expo-
nential relationship.

In CaIb
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a
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FIGURE 6. Log ratio-time plot for 123|-IPPA at baseline flow (8

mL/min) and during flow reduction to 2 mL/min. First upward-
sloping component reflects tracer that reaches outflow without
transversing capillary walls. Second downward-sloping compo-
nent is caused by return of label to intravascular space. Return
of label from extravascular space was encountered only at
baseline flow and could not be documented at flows =25%
baseline. Inference is that tracer washout (backdiffusion) was
limited at very low flows.

plot of 123-IPPA extraction versus flow. The solid line ) o ]

represents the regression for flow rates from approximatd[§Cer that previously left capillaries ). In Figure 6, a

25% to 300%. downward-sloping second component can be detected eas-
The calculation of residue functions revealed higtae Iy at the baseline flow, whereas the log ratio remained

IPPA retention at low flows. An example is shown in Figurérgely stable OVE; time at a flow of 25% of the baseline.
5 for flows at the baseline and at 25% of the baseline. __ ' N€ uptake of#3-IPPA increased with increasing flow.

Log ratio—time plots showed clear differences with varyFi9uré 7 shows individual values together with the line

ing flows (Fig. 6). In the log ratiotime plot, the early risindep'resenting the relationship between uptake and flow fgr an
slope corresponds to material reaching outflow withoGQPtimal perfusion tracer. At flow rates below the baseline,

transversing capillary walls, whereas the later downward

deviation corresponds to the return to vasculature of the
Uptake [% of reference; E,, - flow]
Residue fraction
1fee .
a [
L ]
08" * . :
uu * o . * rec.iuced low
e
0,61 o o o o o o a
baseline flow
0,41
0,2
0 ' ' ‘ ' ' ' ' 0 50 100 150 200 250 300 850 400
0 50 100 150 200 250 300 350
flow [% of reference]
time after injection of tracer bolus [s]
FIGURE 7. Plot of calculated 23|-IPPA uptake (Eq. 6) vs. flow.
FIGURE 5. Residue fraction of '23I-IPPA at baseline flow and  Inserted line represents relationship between uptake and flow

at reduced flow (25% of baseline), calculated according to
Equation 5. '23I-IPPA retention increased at low flows.

for optimal flow tracer (slope = 1). 2I-IPPA uptake and flow
changed largely in parallel.
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all individual uptake values lie above this line; that isextraction fraction of nonesterified fatty acids (NEFA) in
123-IPPA uptake was (slightly) higher than the flow. Gonmyocardium from the arteriovenous difference of plasma
versely, the relative’?d-IPPA uptake was less than theconcentrations. They found a virtual identic&® & not
relative flow at high flow rates. significant) extraction fraction of NEFA at control condi-
tions (41.2%* 6.0%), during flow reduction to 25% of the
control flow (36.6% * 2.7%), and at reflow (42.6%
DISCUSSION 5.6%). In contrast, the extraction fraction of glucose in-
123-IPPA was developed by Machulla et al§,17) and creased significantly during ischemia from 2.2942.0% to
used subsequently as an effective tracer of myocardial fat8.0% + 2.0% and remained enhanced during reperfusion
acid metabolism. Its myocardial uptake depends on cor@5.4%=+ 2.2%:P < 0.05 compared with control conditions
nary perfusion (among other factors), and it undergoggd with ischemia).
B-oxidation (18). The myocardial kinetics &3-IPPA are  Similarly, Schwaiger et al2), using a canine open-chest
similar to the kinetics of the physiologic substrate palmitighnodel with intracoronary injection of!C-palmitate and
acid (19). The advantages &F-IPPA over labeled alkyl measurement of the retention fraction with a scintillation
fatty acids are its rapid myocardial extraction, its stabilitprobe, found no change of palmitate retention during reduc-
against deiodination, and its rapid clearance of metabolitéisn of the epicardial flow to 29.4% of the control flow with
From'23-IPPA SPECT, the segmental tracer uptake arglmultaneous reduction of the endocardial flow to 10.7%.
the half-lives of the biexponential myocardial clearance can At variance with the experimental findings of Myears et
be assessed?d-IPPA uptake depends on regional myocaral. (1) and Schwaiger et al. (2) is the study of Vyska et al.
dial blood flow and extraction. Detailed information about3), who determined?i-IPPA kinetics in 15 healthy pa
fatty acid extraction in different pathophysiologic situationsients and 30 patients with coronary artery disease. They
is scarce. Instead of extraction, most studies dealing witalculated that ¥, the rate constant fo#23-IPPA influx
myocardial metabolism examine the oxidation of differenhto myocardial tissue, increased in a nonlinear fashion with
energy-yielding substrates and their contribution to adenduction of the relative plasma flow rate. Likewise, Marie
sine triphosphate production. These studies showed tleatl. (4) found an exponential increase of eath¢16-iodo-
B-oxidation of fatty acids is rapidly inhibited during isch-3-methylhexadecanoic acid (MIHA) retention with decreas-
emia (20). In a canine open-chest model with flow reductidng coronary flow rate in the isolated rabbit heart perfused
to 25% of the control flow, the consumption of nonesterifiedith red cell-enhanced perfusate.
fatty acids dropped to 17% of the control conditions, Also in this study, the net extraction d#3-IPPA in-
whereas the oxidative and anaerobic metabolism of glucaseased with decreasing flow and even showed a more than
more than tripled (1). proportional increase at flow rates25% of the control
This study examined the relationship between flow arftbw. The findings of this study support the assumption that
123-1PPA net extraction. It was of special interest to assesise extraction of23-IPPA largely follows the principles of
whether the inhibition of3-oxidation during ischemia, asthe Renkin—Crone equation. The apparent differences be-
observed in previous studies, is associated with a decreageen this study and the results of Myears et ). 4nd
of fatty acid extraction. This study showed that the neSchwaiger et al. (2) may be explained by four factors. First,
extraction of'2-IPPA is preserved in myocardium sub Myears et al. (1) calculated the extraction fraction of NEFA
jected to global low flow and that extraction is even infrom arteriovenous differences in a steady-state situation. In
creased disproportionally at flows25% of the control contrast, in most other studies, a tracer bolus is injected
flow. The uptake of?3-IPPA increased slightly in compar (pulse-labeling technique). The distribution of the label in
ison with an ideal flow tracer at low flow and seemed tthe intracellular lipid pools may be different with both
plateau at high flow rates (>200% of the control flow). techniques, and the calculated extraction fractions may
Tracer extraction and regional blood flow are coupledary. Second, Myears et all) obtained venous blood from
During low flow, the contact time of the labeled tracer withhe vein draining the ischemic territory. Venous effluent
the capillary wall increases and extraction rises. The relaray be diluted by blood from nonischemic regions, thus
tionship between flow, permeability, and extraction is denasking discrete alterations of NEFA extraction. Third,
scribed by the Renkin—Crone equation,=E1 — e PSF  123d-IPPA and glucose (without insulin) were the only-en
where E is extraction and F is flow. From the Renkin—Crorergy substrates in the Langendorff preparation used in this
equation, an exponential relationship between flow and estudy. In the open-chest models used by Myears etlal. (
traction can be assumed, at least in situations where #ned Schwaiger et al. (2), competing substrates may have
saturation of specific mechanisms for tracer transport doefluenced fatty acid extraction. Fourth, Myears et &), (
not occur. Schwaiger et al.2), Vyska et al. (3), and Marie et al. (4)
Experimental results regarding the relationship betweemeasured the extraction of different substrates (NEFA,
regional myocardial blood flow and the extraction of long*'C-palmitate,’?3-IPPA, and'?3-MIHA). The studies ex
chain fatty acids are controversial. In an open-chest dagnining 123-IPPA and?3-MIHA documented a flow de
preparation, Myears et all) measured the steady-stat@endency of influx/extraction. The different results may
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therefore be caused by tracer-specific uptake and retentionComans et al. (28) examined the uptaké®fiodophe
metabolism. Tracer-specific differences of extraction hawyl-3,3-dimethylpentadecanoic acid (DMIPP) in dogs with
been documented fo¥F-fluoro-6-thiaheptadecanoic acidan extracorporally perfused LAD at different flow rates. The
(FTHA) and28-B-methyl-p-iodophenylpentadecanoic acidlow was determined wit{®Sc-labeled microspheres, and
(128-BMIPP) in the hypoxic statel). Similar information ?3-DMIPP uptake was assessed as the percentage injected
about3-IPPA is lacking. dose per gram. In their study, the relationship between
The calculation of residue functions and the analysis 8prmalized blood flow and normalize&-DMIPP uptake
log ratio—time plots can give insight into the mechanisnpuld be best described by an exponential relationship with
responsible for the more than proportional increase of n@igher *3-DMIPP uptake than flow at lower flow rates
extraction at very low flow rates in this study. At flows(comparable with the results of this study).
=25% of the baseline, the residue functions showed anUsing the same model, Sloof et ak9) studied the
increased retention 883-IPPA, whereas the log ratio—time heterogeneity of blood flow ant¥-DMIPP uptake at dif
plots showed almost no net washout (backdiffusion). THerent flow rates. During flow reduction, the heterogeneity
inference is that a limitation of tracer washout constitutes dpcreased significantly for both myocardial blood flow and
important factor in the more than proportional increase 6f1-DMIPP uptake, whereas the agreement between both
123-|PPA net extraction at low flows. A partial limitation of Parameters decreased. Sloof et aB)(concluded that seri-
tracer washout must be expected when the flow is low@HS uncoupling occurs between fatty acid metabolism and
than the PSproduct of the substance under investigatioffyecardial blood flow during flow reduction. This study
(22), which is clearly the case at the low flows produced @lso showed a greater variability of rate—pressure products

this study. Alternatively, the observed increasézafiPpA and net extraction at low flows (Figs. 2 and 4).
retention at low flows may also be caused by a more avidThe clinical interpretation of myocardial SPECT depends

cellular extraction; however, the data of this study do ndpainly on the analysis of tracer uptake. In this regard, the
allow (but also do not rule out) this conclusion uptake of fatty acids and flow tracers must be compared. It

The calculated PSproduct of 3.7+ 0.24 mL/g- min is can be deduced from this study that during acute low-flow

in the range of published RBroducts for labeled palmitate ischemia, the u_pte_lke of fatty acids and ﬂ.OW tracers will be
(1.6 and 7.0 mL/g min) (15,23) and higher than values forreduced to a similar extent (probably slightly in favor of

201T| (between 0.7+ 0.3 and 1.22+ 0.4 mL/g- min) fatty acids). A similar situation may exist in chronic isch-

(22,24.25) and®"Tc-sestamibi (approximately 0.48 mI_/emia. In patient studies, a preserved (increased) uptake of
Y . . : fatty acids in chronically ischemic segments and chronically
g - min) (24). The increase of RSvith flow can be ex

: . : : . ysfunctional but viable myocardium could indeed be
plained theoretically by an increase in capillary permeabi hown (30,31).

ity or capillary surface area (or both). This increase mOStA different situation exists in myocardium studied after

likely reflects a recruitment of the capillary surface athigh%{n ischemic event (acute coronarv svndrome with reperfu-
flows, which has also been described for kand TI ! lc event (acy yey oS pert

sion, exercise-induced ischemia). Different clinical studies
(22,25).

i have shown a reduced fatty acid uptake in comparison with
In this study,*?4-IPPA uptake was calculated from theg,. in stunned myocardiungp,33).

product of flow and net extraction (Eq. 6). The calculated \,4oh et al. (34) studie®3-BMIPP and?T| uptake in
'23-IPPA uptake and flow changed largely in parallel. How 5 hatients with chronic coronary artery disease and corre-
ever, at low flow rates, the uptake &-IPPA increased |ateq tracer uptake with histologic findings of biopsy spec-
slightly in comparison with flow and showed a tendency t@nens obtained during cardiac surgery. Although e&#yl
plateau at high flow rates (>200% of the control flow)yntake (5-10 min after injection) showed a strong correla-
These results concerning uptake are in accordance Wihh with the degree of fibrosisizd-BMIPP uptake was
former studies. Schwaiger et ab@) studied'C-palmitate reduced disproportionally in segments with mild fibrosis
uptake in a canine model with 3-h balloon occlusion of th€<15%) only. The findings of Kudoh et al34) most likely

left anterior descending coronary artery (LAD). Althougheflect a reduced fatty acid uptake in postischemic viable
the flow was reduced to 31.8% 10.6%, 'C-palmitate myocardium.

uptake was reduced to 36.0% 11.0%. The relative de-  There were several limitations to this study. In this study,
crease of'C-palmitate was paralleled by blood flow reducthe whole heart was made ischemic. In contrast, myocardial
tion (r = 0.75). Van der Vusse et alT) reported a reduced perfusion in patients with coronary artery disease is char-
uptake of NEFA in ischemic canine myocardium producegcterized by regional inhomogeneities. The hemodynamic
by partial occlusion of the LAD for 120 min. Comparableand metabolic consequences of global versus regional isch-
with this study, NEFA uptake was slightly higher than flowemia are probably different, and the results of this study are
Renstrom et al. (21) studiet?-BMIPP and ¥-FTHA not directly transferable to the clinical situation.

uptake in 19 swine. During flow reduction to 40% of the The supply of energy-yielding substrates was controlled
control flow, the uptake of both tracers was reduced tmmpletely in the Langendorff model used. This is an ad-
approximately 60%. vantage in one regard, because the effect of flow alterations
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on fatty acid extraction could be studied Separate|y. On the Marie PY, Menu P, Angioi M, et al. The kinetics @fmethyl-substituted labelled

. fatty acids in ischaemic myocardium: an analysis in man and with a blood-
other hand’ the use of energy substrates is balanced preperfused isolated heart mod&ur J Nucl Med.1999;26:474—-482.

cisely in the physiologic situation, and, in previous studiess. kioner RA, Darsee JR, deBoer LW, Carlson N. Early pathologic detection of
the uptake of fatty acids depended also on the availability of acute myocardial infarctiorrch Pathol Lab Med1981;105:403-406.

competing substrates (35-38). The effects of competiny gaer‘:eAft'aS:f;fr;gzuégf_’ﬂzrgzge_'gfg fo infarct size measurements in the rat
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