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Background. With appropriate protocols, F-18 fluorodeoxyglucose (FDG) positron emis-
sion tomography/computed tomography (PET/CT) can visualize myocardial inflammation.
Optimal protocols and normative myocardial FDG uptake values are not well-established.

Methods. We evaluated 111 patients referred for inflammation cardiac FDG PET/CT.
Patients followed a low-carbohydrate, high-fat diet for 36 hours before imaging and received
unfractionated heparin. Glucose and fatty acid metabolism biomarkers were obtained. Mean
blood pool and maximum myocardial uptake (SUV eans SUVimax) Were measured, avoiding
areas of abnormal FDG uptake or spillover.

Results. Adequate suppression of myocardial FDG uptake occurred in 95% of patients
(n = 106). Myocardial SUV,,,,, was significantly below background blood pool SUV ... septal
myocardial to blood pool ratio 0.75 (95% CI 0.73-0.77; P < 0.001); lateral myocardial to blood
pool ratio 0.70 (95% CI 0.68-0.72; P < 0.001). Glucose, insulin, and C-peptide correlated to
blood pool SUV ,can (Spearman rg = 0.39, P < 0.01; r; = 0.40, P < 0.01; rg = 0.35, P < 0.01) and
myocardial SUV ., (Spearman rg = 0.31, P < 0.01; r; = 0.31, P < 0.01; r; = 0.26, P < 0.01).
Fatty acid metabolism biomarkers did not correlate to myocardial SUV ..

Conclusions. Patients following intensive metabolic preparation have myocardial FDG
SUV .ax below background SUV ,,..,. Biomarkers of glucose metabolism modestly correlate to
FDG uptake. (J Nucl Cardiol 2020;27:849-61.)
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Abbreviations
FDG F-18 fluorodeoxyglucose
PET/CT Positron emission tomography/com-

puted tomography

SUV hax Maximal standard uptake value
SUV ean Mean standardized uptake value
ROI Region of interest

See related editorial, pp. 862-864

INTRODUCTION

Positron emission tomography/computed tomogra-
phy (PET/CT) using F-18 fluorodeoxyglucose (FDG)
increasingly is used for imaging of inflammatory cardiac
disease.'? However, because normal myocardium can
metabolize both glucose and free fatty acids (FFAs),
physiological accumulation of FDG in the myocardium
can interfere with the recognition of abnormal FDG
uptake.

Physiologic uptake of glucose (and thus FDG) in the
myocardium depends on the patient’s metabolic state
and can be modulated by patient preparation and
imaging protocol, although there is no consensus on
the optimal techniques. Dietary carbohydrate intake
causes pancreatic insulin secretion, which promotes
translocation of the insulin-dependent glucose trans-
porter GLUTH4 to the cell membrane, allowing glucose to
enter myocytes in an insulin-dependent fashion. Under
low-carbohydrate conditions, cardiac myocytes use free
fatty acids for their energy source with minimal glucose
uptake. Conversely, glucose enters inflammatory cells
via GLUT1 and GLUT3 transporters, which are consti-
tutively expressed and are not dependent on the presence
of insulin. Ideally, for imaging cardiac inflammation,
normal myocardial uptake of glucose would be com-
pletely suppressed, leaving only pathological FDG
uptake in the heart.'”

Methods used for FDG PET/CT inflammatory
imaging with respect to suppressing myocardial glu-
cose/FDG uptake vary, with guidelines offering only
general protocol recommendations.>* Patient fasting,
following a low-carbohydrate high fat diet (LCHFD),
using unfractionated heparin (UFH) to increase lipolysis
and suppress basal glucose uptake, and timing of
imaging relative to FDG injection all affect FDG uptake
in myocardium.> UFH administration and LCHFD
increase FFA levels in blood, thereby decreasing
myocardial blood glucose uptake, and data suggests
that a high-blood FFA level is associated with lower
myocardial glucose uptake.*™

Methods to assess adequacy of suppression of
myocardial glucose uptake, including the maximal
standard uptake value (SUV,.,) of FDG and its ratio
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to background, have met with varying results.”' In
order for FDG PET/CT to be used reliably for the
diagnosis of inflammation, broadly applicable imaging
standards and normative values for FDG uptake in
myocardium are needed.

We have developed an imaging protocol which
consists of a LCHFD, fasting, and UFH administration
prior to FDG injection to maximally suppress physio-
logic myocardial glucose uptake and improve FDG PET/
CT imaging quality. In this work, we sought to char-
acterize our imaging protocol; to determine whether
there are correlations among biomarker values of glu-
cose and FFA metabolism and adequate suppression of
myocardial FDG uptake; and to develop a reliable
method of evaluating for adequate myocardial glucose
suppression.

MATERIALS AND METHODS

Study Population

We retrospectively identified 152 consecutive patients
with suspected cardiac inflammation referred for cardiac FDG
PET/CT at the University of Michigan (Ann Arbor, MI)
between June 2015 and August 2016. We excluded patients
who: (i) did not complete the LCHFD (2 patients); (ii) did not
receive UFH prior to and after FDG injection (10 patients); and
(iii) did not have a complete set of biomarkers [insulin,
glucose, C-peptide, FFA, triglycerides (TG)] drawn prior to
and after heparin administration (29 patients). The remaining
111 patients were included in the final analysis. This study was
approved by the University of Michigan Institutional Review
Board and was conducted in accordance with institutional
guidelines.

Patient Preparation and Biomarker
Collection

Several methods to suppress physiological myocardial
glucose uptake have been proposed; however, few have been
systematically studied or standardized.> On the basis of a
literature search and local expert consensus, we developed our
patient preparation and biomarker collection protocol for
cardiac inflammation FDG PET/CT scans. UFH has both
anticoagulant and lipolytic actions. Asmal et al'' studied the
effects of UFH on partial thromboplastin time (PTT) and
lipolytic activity as a function of dose in healthy volunteers,
and found that a dose of 10 IU/kg did not prolong significantly
the PTT but induced a significant decrease in plasma TG and a
significant increase in FFA. Additionally, administration of
UFH resulted in an increase in plasma FFA and a decrease in
plasma TG. In healthy volunteers, Geday'? demonstrated that
intravenous administration of 12 IU/kg of UFH resulted in a
uniform lipolytic response with maximum lipoprotein lipase
activity between 6 and 15 minutes following intravenous UFH
administration, with rapid decrease in lipolytic activity
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Figure 1. Cardiac FDG PET/CT imaging protocol. A high-fat, low-carbohydrate diet was followed
for 36 hours prior to scanning. Rest myocardial perfusion imaging was performed with 5?Rb.
Following rest myocardial perfusion imaging, the test meal drink was consumed. Approximately 4
hours later, 30 IU/kg of unfractionated heparin was administered as three boluses (10 IU/kg) at 10
minutes preceding and 5 and 20 minutes following FDG injection.

thereafter (Supplemental Figure 1). Administration of 5000 IU
UFH intravenously to healthy volunteers was shown by Rogers
et al to increase myocardial FFA concentrations (coronary
sinus sampling, Supplemental Figure 2)."> Williams and
Kolodny'# demonstrated that a very high-fat, low-carbohy-
drate, protein-permitted diet 3-6 hours before FDG
administration effectively suppressed myocardial FDG uptake.
Based on these data, we developed a patient preparation
protocol consisting of a LCHFD, three infusions of 10 [U/kg
UFH, a high-fat pre-test meal drink as described below, in
addition to glucose and fatty acid biomarker sampling
(Figure 1). Based on the prior literature relating biomarkers
to fasting, carbohydrate restriction, and heparin infusion, we
obtained glucose and fatty acid biomarkers to assist in the
clinical determination of adherence to diet and quality of
patient metabolic preparation.'>'>™"” Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) was calculated
as insulin concentration (LU/mL) x fasting glucose concen-
tration (mg/dL)/405."8

All patients were asked to follow a LCHFD prior to PET
scanning (appendix). At least 36 hours prior to the scan,
patients were instructed to consume a diet containing greater
than 35 g of protein and less than 5 g of carbohydrates. Twelve
hours prior to the scan (after dinner the preceding evening),
patients were asked to refrain from any oral intake other than
water and the test meal drink, which consisted of unsweetened
almond milk mixed with two tablespoons (30 mL) of veg-
etable oil, providing 30 g of fat. This drink could be
substituted with an Atkins™ Milkshake. This drink was given
to patients for breakfast the day of the FDG PET/CT following
rest ®?Rb perfusion scan. Adherence to the LCHFD diet was
verified by a patient diet questionnaire and reviewed by the
supervising physician (Appendix). A total of 30 IU/kg of UFH
was administered as three boluses (10 [U/kg) at 10 minutes
before and 5 and 20 minutes after FDG injection (Figure 1).
FFA, TG, and glucose were measured in the fasting state,
immediately before UFH administration and on completion of
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Figure 2. FDG PET/CT image analysis. The SUVmax for myocardium was measured using a
three-dimensional ROI drawn in the mid-septal wall (red arrow) and mid-lateral wall (yellow
arrow), avoiding areas of FDG spillover or abnormal FDG uptake.

UFH administration. C-peptide and insulin levels were mea-
sured before and after UFH administration.

Imaging Protocol

Images were acquired using a whole-body PET/CT
scanner (Siemens Biograph mCT, Knoxville, TN). Rest
myocardial perfusion images were obtained using %’Rb as
previously described.'® PET/CT FDG imaging was performed
59 + 13 minutes following injection of 9.1 + 0.8 mCi of FDG.
FDG images were acquired for 15 minutes in list mode using
3D ordered subset expectation maximization (3D-OSEM)
according to manufacturer’s recommended protocol with 3
iterations and 24 subsets, matrix size of 128 x 128 and pixel
size of 3.18 x 3.18 mm”.

Image Analysis

Images were analyzed using Corridor4DM (INVIA Med-
ical Imaging Solutions, Ann Arbor, MI) by two expert readers
(SRL or VLM and RLW). Using the fused CT attenuation
corrected FDG images, a 1 cm diameter circular, three-
dimensional region of interest (ROI) was drawn on fused FDG
PET/CT images to measure the mean blood pool standardized
uptake value (SUV ,e,,) in the ascending aorta at the level of
the pulmonary artery, excluding the vessel wall. The SUV .«
for myocardium was measured using a circular three-dimen-
sional ROI drawn in the mid-septal wall and mid-lateral wall,
avoiding areas of FDG spillover or abnormal FDG uptake. The
ROI diameter ranged from 0.7 to 1.0 cm depending on left
ventricular wall thickness, and whenever possible, the ROI was
drawn with the largest diameter (Figure 2).

Statistical Analysis

Continuous variables were summarized as mean * stan-
dard deviation (SD). Categorical variables were summarized as
numbers and percentages. Variables were assessed for nor-
mality by examination of histograms. Biomarker values were
log transformed to improve normality. Correlation between
myocardial FDG uptake (SUV,,,,x) and background blood pool
activity (SUV ean) Wwas assessed using linear regression
analysis and described using Pearson’s product-moment cor-
relation coefficient. Correlation between imaging data (blood
pool SUV, e, or myocardial FDG uptake SUV,,,.) and
markers of FFA and glucose metabolism were described using
Spearman’s rank correlation. Ratios of tissue SUV .« to blood
pool SUV ..., were tested for deviation from a null hypothesis
of 1 by evaluating Student’s ¢ test of log-transformed ratios
with a null hypothesis of 0. The type 1 error rate was set at
0.05. All statistical analyses were performed with R 3.5.3 (The
R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient Characteristics

Table 1 summarizes the characteristics of the
patient population. The analyzed data included 111
patients, of which 73 were male (66%), with a mean age
of 56.3 £ 12.4 years. There were 31 diabetic patients
(28%). Indications for FDG PET/CT imaging were to
evaluate for cardiac sarcoidosis (n = 98, 88%), infection
(n = 10, 9%) and myocarditis (n = 3, 3%). The average
fasting blood glucose and blood glucose prior to FDG
injection were 101 + 40 and 97 + 36 mg/dL, respec-
tively (Table 2).
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Table 1. Baseline characteristics

Mean = SD
Characteristic N (%)
Age (years) 56.3 +12.4
Male 73 (66%)
Diabetes mellitus 31 (28%)
Inpatient 26 (23.4%)
Outpatient 85 (76.6%)

Ejection fraction (%)
LVEF > 35%
LVEF < 35%
Indications for FDG PET/CT
Sarcoidosis
Infection
Myocarditis
Summed Rest Score

48 + 15
86 (77.5%)
25 (22.5%)

98 (88%)
10 (9%)
3 (3%)
4.8 £ 6.9

Table 2. Protocol and Metabolic Parameters
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Myocardial and Blood Pool FDG Uptake

Of the 111 scans, only five scans were determined
to be non-diagnostic after review by two expert readers.
Using our patient preparation protocol, this yielded an
adequate suppression of physiologic myocardial glucose
uptake in 95% of subjects (Table 2, Figure 3). Among
patients with adequate metabolic preparation and normal
myocardial region of interest (defined as no pathologic
FDG uptake in the measured region of interest),
myocardial SUV,,,,, in both the septal and lateral walls
was strongly related to blood pool SUV .., (Pearson
R =0.749 (septal) and R =0.695 (lateral); both
P < 0.0001, Figure 3).

SUVax in normal regions of myocardial FDG
uptake in the septal wall (N=100, Figure 3A) and lateral
wall (N = 95, Figure 3B) were consistently lower than
SUV ean Of blood pool, with ratios in the septal wall of
0.75 (95% CI 0.73-0.77, P < 0.001) and lateral wall of
0.70 (95% CI 0.68-0.72, P < 0.001), respectively. This

Mean = SD
Parameter N (%)
Protocol parameters
FDG dose (mCi) 9.1 +0.8
Time to imaging following FDG injection (min) 50 £ 13

Diet adherence

Heparin administration

Adequate myocardial suppression
Metabolic parameters

Fasting glucose (mg/dL)

Glucose baseline Pre-FDG injection (mg/dL)

Glucose post-UFH (mg/dL)

C-peptide baseline Pre-FDG injection (ng/mL)

C-peptide post-UFH (ng/mL)

Insulin level baseline Pre-FDG (uU/mL)

Insulin level post-UFH (nU/mL)
FFA fasting (mmol/L)

FFA post-test meal drink/pre-UFH/pre-FDG injection (mmol/L)

FFA post-UFH (mmol/L)
TG fasting (mg/dL)

TG post-test meal drink/pre-UFH/Pre-FDG injection (mg/dL)

TG post-UFH (mg/dL)

Background FDG activity aorta (SUVean)
Myocardial FDG activity mid-septal wall (SUV 4,)?
Myocardial FDG activity mid-lateral wall (SUV y,a)*

111 (100%)
111 (100%)
106 (95.5%)

100.9 = 39.6
97.1 £ 365
96.2 + 37.1
29+25
2825
128+ 13.4
125+ 13.3
0.74 £ 0.33
0.87 + 0.32
1.48 £ 0.90
154.7 £ 199.6
159.5 £ 178.8
113.8 £ 178.4
21+04
1.8+ 1.0
1.8+ 1.3

“Denotes SUVax in ROI measuring normal myocardium
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Figure 3. Relationship between septal (A) and lateral (B) myocardial tissue FDG uptake (SUV )

and aortic blood pool activity (SUV ). P-values estimated using linear regression among

diagnostic scans with normal septal/lateral ROIs. Pearson correlation coefficients provided in text.

Table 3. Distribution and patterns of myocardial FDG uptake

Myocardial FDG uptake patterns

N (%)
No uptake Focal Focal on diffuse Diffuse
All scans (111) 52 (46.8%) 52 (46.8%) 4 (3.6%) 3 (2.7%)
Diagnostic scans (1006) 52 (49.1%) 52 (49.1%) 2 (1.8%) 0
Non-diagnostic scans (5) 0 0 2 (40%) 3 (60%)
Diabetes mellitus (31) 19 (61.3%) 11 (35.5%) 1(3.2%) 0
LVEF > 35% (86) 41 (47.7%) 39 (45.3%) 3 (3.5%) 3 (3.5%)
LVEF < 35% (25) 11 (44%) 13 (52%) 1 (4%) 0

finding extended to diabetics with ratios of in the septal
wall of 0.73 (95% CI 0.69-0.78; P < 0.0001) and lateral
wall of 0.69 (95% CI 0.65-0.73; P < 0.0001). Similarly,
for patients with LVEF < 35% the ratio in the septal
wall was 0.80 (95% CI 0.75-0.85, P < 0.0001) and
lateral wall of 0.75 (95% CI 0.69-0.81, P < 0.0001).
(Supplemental Figures 3, 4).

Of the 106 diagnostic scans, 52 (49.1%) were
interpreted as having no myocardial FDG uptake (Sup-
plemental Figure 5) and 54 (50.9%) scans were
interpreted as having abnormal myocardial FDG uptake.
Among the abnormal diagnostic scans (N = 54), 52
(96.3%) had focal FDG uptake (Supplemental Figure 6),
2 (3.7%) had focal on diffuse FDG uptake

(Supplemental Figure 7), and there were no scans with
diffuse FDG uptake. There were five scans interpreted as
being non-diagnostic, of which 3 (60%) had diffuse
myocardial FDG uptake and 2 (40%) had focal on
diffuse myocardial FDG uptake (Table 3 and Supple-
mental Figures 7, 8). Representative cases of myocardial
FDG uptake patterns are shown in Figure 4.

Biomarkers of Glucose and FFA Metabolism
and Correlation to FDG Uptake

Following ingestion of the test meal drink FFA
increased  significantly compared to  baseline
(0.74 £ 0.33 mmol/L pre-test meal drink and
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Vertical Long Axis

Figure 4. Representative cases illustrating different patterns of myocardial FDG uptake in short
axis (SA), horizontal long axis (HLA), and vertical long axis (VLA). A No myocardial FDG uptake,
B focal FDG uptake in the inferior wall of the left ventricle, C focal on diffuse left ventricular FDG

uptake, and D diffuse left ventricular FDG uptake.

0.87 + 0.32 mmol/L post-test meal drink, P = 0.0002)
and continued to increase significantly following UFH
administration (1.48 = 0.90 mmol/L post-UFH admin-
istration, P < 0.0001, Figure 5A). TG levels increased
significantly compared to baseline following the test
drink ingestion (155 = 199 mg/dL baseline and
159 + 178 mg/dL post-test drink, P = 0.01, Figure 5B).
Following UFH administration, TG levels significantly
decreased (114 + 178 mg/dL, P < 0.0001, Figure 5B).
Glucose levels decreased significantly from baseline
following UFH administration (101 = 40 mg/dL base-
line and 96 =37 mg/dL post-UFH, P = 0.0001)
(Figure 5C); however, insulin levels did not significantly
change pre- and post-UFH administration (12.8 + 13.4
pU/mL pre-UFH and 12.5 + 13.3 pU/mL post-UFH,
P = 0.13) (Figure 5D).

There were 15 patients with insulin levels greater
than 1 standard deviation above the mean insulin level
(range 26.1-75.0 pU/mL). All of these patients had
adequate suppression of myocardial FDG uptake.
Among these 15 patients, 8 had no evidence of abnormal
myocardial FDG uptake. For patients with abnormal

FDG scans, 5 patients had FDG uptake corresponding to
myocardial perfusion defects; one patient had FDG
uptake corresponding to a region of late gadolinium
enhancement on cardiac MRI; and 1 patient had FDG
uptake corresponding to a perfusion defect in the septum
and also had FDG uptake in the lateral wall without an
associated myocardial perfusion defect.

Markers of glucose metabolism (glucose, insulin, C-
peptide, and HOMA-IR) were more closely related to
blood pool SUV ean than myocardial SUV,.. (Fig-
ure 6). Conversely, triglyceride and free fatty acid levels
had weak, non-significant correlations with blood pool
SUV hean and myocardial SUV ..

DISCUSSION

A 36-hour metabolic preparation including a
LCHFD, 12-hour fast, and UFH prior to and following
FDG injection resulted in suppression of physiologic
myocardial glucose uptake in 95% of patients undergo-
ing FDG PET/CT for evaluation of myocardial
inflammation. Using this protocol, we found myocardial
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fasting state, prior to FDG injection (following test meal drink) and post-UFH administration. D
Concentration of insulin at baseline fasting state and post-UFH administration.

FDG uptake to be consistently less than background (as
measured by aortic blood pool SUV ..,) and found
myocardial FDG uptake to be strongly correlated to
blood pool FDG uptake. The absolute value of myocar-
dial FDG uptake, measured by SUV,,,«, varied widely in
normal myocardium; however, remained consistently
lower than blood pool background in patients with
adequate myocardial glucose uptake suppression, with a
ratio of SUV ,,,x myocardium to SUV ..., blood pool of
0.75 (septal) and 0.70 (lateral), respectively. This ratio
of SUV.x in normal myocardium to blood pool
background SUV .., held true both in patients with

areas of abnormal FDG uptake in other regions of the
myocardium and in patients without evidence of abnor-
mal FDG uptake. The absolute values of myocardial
FDG SUV,,.x and insulin level were not predictive of
adequate myocardial suppression. Based on our findings,
comparison of myocardial SUV,,,x to blood pool
SUV ean may be useful for assessment of adequacy of
metabolic preparation and developing quantitative
thresholds for normal and abnormal FDG myocardial
uptake.

In our study, insulin, C-peptide, and glucose levels
were related to myocardial and blood pool FDG uptake.
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Figure 6. Heat map depicting correlation of biomarkers of glucose and fatty acid metabolism to
blood pool and myocardial FDG uptake in diagnostic quality scans and excluding abnormal tissue
ROIs.

Baseline fasting TG were weakly and not significantly (SUV ax). Our study was underpowered to determine if
related to blood pool FDG uptake. TG and FFA levels any of these biomarkers could be used to distinguish
were not significantly related to myocardial FDG uptake
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diagnostic quality scans from those without adequate
metabolic preparation.

There have been varying reports in the literature
regarding the effectiveness of using UFH to suppress
myocardial glucose uptake. Elevation of plasma fatty
acid concentrations after UFH administration is well
described and been associated with impaired glucose
utilization and a dose-dependent inhibition of insulin-
mediated glucose uptake.®'* Masuda et al® and Schol-
tens et al’ reported that UFH administration before FDG
PET/CT more effectively suppressed myocardial FDG
uptake compared to fasting alone. Manabe et al'’
reported that higher baseline FFA levels were associated
with reduced physiological myocardial FDG uptake.
However, in their study, UFH administration signifi-
cantly increased FFA concentration in both patients with
diffuse LV FDG uptake and in those patients with
adequate myocardial suppression of FDG uptake, sug-
gesting the baseline metabolic state of the patient may
be the primary driver for myocardial glucose utilization.
Morooka et al'® compared myocardial FDG uptake
among patients who underwent a 12 hour fast followed
by intravenous injection of UFH (50 IU/kg) 15 minutes
before FDG injection to patients who fasted for a
minimum of 16 hours and did not receive heparin, and
reported that FDG uptake was lower in subjects in the
longer fasting group without heparin. Finally, Gormsen
et al’® demonstrated that while somatostatin-induced
insulin suppression combined with heparin administra-
tion increased circulating FFAs, myocardial FDG uptake
was similar compared to patients who did not receive
this metabolic preparation.

These studies highlight the ongoing question as to
whether UFH administration aids in suppression of
physiologic myocardial glucose uptake. Given the var-
ious patient preparation protocols used among these
studies, it is difficult to draw conclusions regarding
whether UFH administration improved FDG PET/CT
image quality."*" In our study, using a combination of
LCHFD to decrease myocardial glucose utilization and
administration of UFH to increase lipolysis, we only
found a mild correlation of TG levels to FDG blood pool
uptake and no significant correlation of FFA and TG to
myocardial FDG uptake. In contrast, markers of glucose
metabolism more strongly correlated with blood pool
and to a lesser extent, myocardial FDG uptake. How
UFH administration, with its concomitant FFA increase,
relates to suppression of myocardial glucose uptake
requires further investigation, especially since the
effects of UFH administration on FFA serum concen-
trations and myocardial glucose utilization may be
altered as a function of the baseline insulin suppression
of subjects and the length of patient fasting.
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There is conflicting data on whether a high-fat drink
prior to FDG injection improves suppression of myocar-
dial FDG uptake. The Randle cycle describes that fatty
acid loading suppresses myocardial glucose metabolism
and that glucose loading suppresses myocardial fatty
acid utilization.®** Conversely, fat loading prior to FDG
imaging, particularly in patients with high sympathetic/
adrenergic activity, may cause increased FDG uptake by
increasing myocardial oxygen consumption and pro-
moting glucose metabolism.>> Based on work by
Williams and Kolodny'* which reported that a high
fat, low-carbohydrate, protein-permitted meal eaten 3 to
6 hours prior to FDG injection suppressed myocardial
uptake, we incorporated a high-fat drink approximately
4 hours prior to FDG injection into our protocol.

Studies by Soussan et al,”* Wykrzykowska et al,”
and Harisankar et al’® reported that a high fat, low-
carbohydrate diet with a high fat meal prior to FDG
injection adequately suppressed myocardial FDG
uptake. Kobayashi et al'> demonstrated that a low-
carbohydrate diet combined with a high fat beverage one
hour before FDG administration improved myocardial
FDG suppression compared to fasting alone; however,
the level of FFA was not significantly higher than that
achieved using conventional fasting. More recently, Lu
et al’’ reported that a 72-hour, high-fat, high-protein,
very low-carbohydrate diet with a high-fat breakfast 4
hours prior to FDG injection effectively suppressed
physiological myocardial FDG uptake compared to
patients who followed a 24-hour or less dietary prepa-
ration. In contrast, Demeure et al?® described that
suppression of myocardial FDG uptake was lower in
patients who ate a high fat, low-carbohydrate meal
followed by a 12 hour fast and received a high-fat drink
one hour before FDG injection compared to patients
who did not receive a high-fat solution prior to FDG
injection. Finally, Cheng et al*® reported that a low-
carbohydrate diet resulted in more effective myocardial
suppression of FDG uptake compared to a high-fat, low-
carbohydrate diet with a high-fat drink consumed one
hour prior to FDG administration. Given the variation in
patient preparation and dietary protocols, it remains
unclear as to whether the addition of a high fat drink or
meal one to four hours prior to FDG injection adds
additional benefit with respect to suppression of myocar-
dial FDG uptake, and merits further investigation.

Another aim of our study was to define our
metabolic preparation protocol and determine how well
it suppressed physiological myocardial FDG uptake. Our
protocol involved a 36 hour LFHCD, a 12-hour fast, and
UFH administration prior to and following FDG injec-
tion. In the 111 studies performed only five instances
(4.5%) were determined to have inadequate myocardial
suppression (based on the presence of diffuse
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myocardial FDG uptake adjudicated by expert readers).
This level of myocardial FDG suppression is compara-
ble to the more successful protocols reviewed by
Osborne et al.> A more recent study by Nensa et al*
evaluated a LCHFD for 24 hours and UFH administra-
tion (single dose of 50 IU/kg), but without fasting and
found to have a myocardial suppression rate of 84% in a
sample of 89 patients. Manabe et al'” also reported that
SUV,.ax and the volume of myocardium with SUV .,
greater than 1.5 times that of background blood pool are
closely correlated with fasting, and subjects fasting
greater than 18 hours had lower SUV ., than those who
fasted for shorter periods of time. However, in this
study, fasting blood glucose was not significantly
associated with myocardial FDG uptake. With a
myocardial suppression rate of 95%, our metabolic
preparation protocol appears to have highly successful
myocardial suppression, suggesting that a LCHFD,
fasting, and possibly intravenous UFH administration
are important aspects of metabolic preparation for FDG
cardiac inflammation studies.

LIMITATIONS

The present study has several limitations. It is a
retrospective study from a single center. Details of
fasting times and dietary adherence were based on
patient-self reporting, albeit with detailed physician
review. Thus, we believe the information provided by
our patients to be generally reliable, but cannot abso-
lutely be confirmed.

Our protocol to suppress myocardial glucose uptake
differs from previously published methods, particularly
in the administration of UFH.> The high degree of
myocardial suppression likely is a reflection of the
stringency of the protocol. While the SUV ., of well-
suppressed myocardium consistently was lower than
background LV blood pool SUV e, there was varia-
tion in the SUV,,,, of normal myocardium (Figure 3).
This indicates that there likely is a range of normative
myocardial SUV .., which is protocol-dependent, and
that direct comparison of quantitative values among
different protocols may not be possible. Comparison of
our imaging and myocardial suppression data to those
generated by other protocols suggests the method
described in this paper is effective in imaging myocar-
dial inflammation. Another limitation is that the
repeatability of our protocol on serial patient examina-
tions (without intervening treatment) has not been
tested. Importantly, recent work by Alvi et al’' inves-
tigating the repeatability of FDG PET/CT for cardiac
sarcoidosis in scans performed within 2 weeks of each
other without intervening treatment (using a HFLC diet
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and fasting) showed different patterns of FDG uptake in
4 of 15 patients.

Finally, a sub-aim of our study was to correlate
serum biomarkers of glucose and fatty acid metabolism
to myocardial FDG uptake. Given the very low number
of cases with inadequate myocardial FDG suppression
(5% of the study population), it is possible that the range
of myocardial glucose metabolism was not sufficient
enough to identify tighter correlation coefficients.

CONCLUSIONS

Using an intensive metabolic preparation protocol
consisting of a LCHFD, fasting, and UFH administra-
tion, we achieved an excellent rate of myocardial
glucose suppression. In patients who followed this
imaging preparation protocol, normal myocardial FDG
SUVax 18 consistently lower than the SUV ., of the
blood pool. Biomarkers of glucose metabolism are
modestly related to FDG uptake in the blood pool and
myocardium. However, myocardial FDG uptake is
strongly correlated to blood pool FDG uptake. Compar-
ison of SUVmax in normal myocardium to blood pool
SUVmean may be useful for assessment of adequacy of
metabolic preparation and for identification of areas of
abnormal myocardial FDG uptake.

NEW KNOWLEDGE GAINED

Following a low-carbohydrate high-fat diet for 36
hours, in combination with a 12-hour fast and unfrac-
tionated heparin administration prior to and following
FDG administration resulted in excellent suppression of
myocardial FDG uptake in 95% of patients presenting
for clinical evaluation. Using this metabolic preparation,
regions of normal myocardium had FDG uptake con-
sistently lower than background FDG activity in the
ascending aorta. Our findings describe important base-
line characterization of FDG uptake in normal
myocardium in the setting of effective suppression of
myocardial glucose metabolism, and will be useful for
future FDG PET/CT studies aimed at characterizing
myocardial inflammation.
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